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PREFACE  TO  THE   FIFTH   EDITION. 


In  preparing  this  edition  the  author  has  attempted,  as  in 
former  editions,  to  keep  the  book  abreast  of  current  investiga- 
tions in  physiology.     Since  the  publication  of  the  fourth  edition 
important  changes  have  occurred  in  physiological  views,  particu- 
larly in  r^ard  to  the  diflScult  subject  of  metabolism.    The  active 
work  going  on  in  physiology  and  physiological  chemistry  has  added 
greatly  to  our  knowledge  of  the  details  of  intermediary  metabolism 
in  the  body,  and  in  some  respects  has  brought  into  question  what 
before  were  considered  established  theories  or  principles  in  regard 
to  the  processes  of  nutrition.    The  indication,  for  example,  that 
the  animal  body,  imder  certain  conditions,  may  obtain  some  of 
its  necessar>'  nitrogen  for  the  synthesis  of  protein  from  inorganic 
sources  would  have  seemed  almost  impossible  a  few  years  ago. 
In  the  same  line,  the  valuable  work  that  is  accumulating  in  relation 
to  the  specific  fimctions  of  the  different  proteins  in  growth  and  in 
maintenance  opens  a  field  of  investigation  that  bids  fair  to  be  of 
fundamental  importance  in  dietetics.     In  an  actively  growing 
science  changes  of  this  character  are,  of  course,  occurring  con- 
stantly.    Arising  usually  among  some  limited  group  of  workers, 
they  soon,  when  significant,  permeate  the  whole  subject.    A  text- 
book must  attempt  the  difficult  and  somewhat  hazardous^task  of 

recognizing  the  point  when  such  views  have  matured  suflSciently 
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to  render  them  important  in  the  presentation  of  the  scien 
beginning  students.  The  author  in  making  this  revision  has 
this  necessity  in  mind,  and  hopes  that  the  present  edition  hs 
overlooked  any  significant  advance  in  the  subject  of  physi 

during  the  past  two  years. 

W.  H.  Howe 
September,  1913. 


PREFACE. 


In  the  preparation  of  this  book  the  author  has  endeavored  to 
Iceep  in  mind  two  guiding  principles:    first,  the  importance  of 
omplieity  and  lucidity  in  the  presentation  of  facts  and  theories; 
and,  second,  the  need  of  a  judicious  limitation  of  the  material 
selected.    In  regard  to  the  second  point  eveiy  specialist  is  aware 
cl  the  bewildering  number  of  researches  that  have  been  and  are 
bdng  published  in  physiology  and  the  closely  related  sciences,  and 
the  difficulty  of  justly  estimating  the  value  of  conflicting  results. 
He  who  seeks  for  the  truth  in  any  matter  under  discussion  is  often- 
times forced  to  be  satisfied  with  a  suspension  of  judgment,  and 
the  writer  who   attempts  to  formulate   our  present  knowledge 
upon  almost  any  part  of  the  subject  is  in  many  instances  obliged 
to  present  the  literature  as  it  exists  and  let  the  reader  make  his 
own  deductions.    This  latter  method  is  doubtless  the  most  satis- 
factory and  the  most  suitable  for  large  treatises  prepared  for  the 
use  of  the  specialist  or  advanced  student,  but  for  beginners  it  is 
absolutely  necessary  to  follow  a  different  plan.    The  amount  of 
naaterial  and  the  discussion  of  details  of  controversies  must  be 
brought  within  reasonable  limits.    The  author  must  assmne  the 
'^nsibility  of  sifting  the  evidence  and  emphasizing  those  con- 
clusions that  seem  to  be  most  justified  by  experiment  and  obser- 
vation.   As  far  as  material  is  concerned,  it  is  evident  that  the 
selection  of  what  to  give  and  what  to  omit  is  a  matter  of  judg- 
^uent  and  experience  upon  the  part  of  the  writer,  but  the  present 
author  is  convinced  that  the  necessary  reduction  in  material 
should  be  made  by  a  process  of  elimination  rather  than  by  con- 
densation.   The  latter  method  is  suitable  for  the  specialist  with 
Ws  background  of  knowledge  and  experience,  but  it  is  entirely 
unfitted  for  the  elementary  student.    For  the  purposes  of  the 
letter  brief,  comprehensive  statements  are  oftentimes  misleading, 
^  fail  at  least  to  make  a  clear  impression.    Those  subjects  that 
^  presented  to  him  must  be  given  with  a  certain  degree  of  full- 
ness if  he  is  expected  to  obtain  a  serviceable  conception  of  the 
facts,  and  it  follows  that  a  treatment  of  the  wide  subject  of  physi- 
ology is  possible,  when  imdertaken  with  this  intention,  only  by 
^he  adoption  of  a  system  of  selection  and  elimination. 

The  fundamental  facts  of  physiology,  its  principles  and  modes 
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of  reasomng  are  not  difficult  to  understand.  The  obstacle  that 
is  most  frequently  encomitered  b}'  the  student  lies  in  the  com- 
plexity of  the  subject, — ^the  large  number  of  more  or  less  dis- 
connected facts  and  theories  which  must  be  considered  in  a  dis- 
cussion of  the  structure,  physics,  and  chemistr}^  of  such  an  intri* 
cate  organism  as  the  human  body.  But  once  a  selection  has  been 
made  of  those  facts  and  principles  which  it  is  most  desirable  that 
the  student  should  know,  there  is  no  intrinsic  difficulty  to  prevent 
them  from  being  stated  so  clearly  that  they  may  be  comprehended 
by  anyone  who  possesses  an  elementary  knowledge  of  anatomy, 
physics,  and  chcmistr}%  It  is  doubtless  the  art  of  presentation 
that  makes  a  text^book  successful  or  unsuccessful.  It  must  be 
admitted,  however,  that  certain  parts  of  physiolog}%  at  this  par- 
ticular period  in  its  development,  offer  peculiar  difficulties  to  the 
WTiters  of  text-books.  During  recent  years  chemical  work  in  the 
fields  of  digestion  and  nutrition  has  been  ver>*  full|  and  as  a  result 
theories  hitherto  generally  accepted  have  l^een  subjected  to  crit- 
icism and  alteration,  particularly  as  the  hnixjrtant  advances 
in  theoretical  chemistr}'  and  physics  have  greatly  modified  the 
attitude  and  point  of  view  of  the  investigators  in  ph}^siology. 
Some  former  views  have  been  unsettled  and  much  information 
has  been  collected  %vhich  at  present  it  is  difficult  to  formulate  and 
apply  to  the  explanation  of  the  normal  processes  of  the  animal 
body.  It  would  seem  that  in  some  of  the  fundamental  problcma 
of  metabolism  physiological  investigation  has  pushed  its  experi- 
mental results  to  a  pomt  at  which^  for  further  progress,  a  deeper 
knowledge  of  the  chemistry  of  the  body  is  especially  needed.  Cer- 
tainly the  amount  of  work  of  a  chemical  character  that  bears  di- 
rectly or  indirectly  on  the  problems  of  physiology  has  shown  a  re* 
markable  incrt^ase  within  the  last  decade.  Amid  the  conflicting 
results  of  this  literature  it  is  difficult  or  impossible  to  follow  always 
the  true  trend  of  development.  The  best  tbat  the  text-book  can 
hope  to  accomplish  ia  such  cases  is  to  give  as  clear  a  picture 
as  possilile  of  tlie  tendencies  of  the  time. 

Some  critics  have  contended  that  only  those  facts  or  conclu- 
sions about  which  there  is  no  difference  of  opinion  should  be  pre- 
sented to  medical  students.  Those  who  are  acquainted  with 
the  subject,  however,  understand  that  books  written  from  this 
standjxiint  contain  much  that  represents  the  uncertain  compromises 
of  past  generations,  and  that  the  need  of  revision  is  felt  as  fre- 
quently for  such  books  as  for  those  constmcted  on  more  lil>eral 
principles.  There  does  not  seem  to  he  any  sound  reason  why  a 
text-book  for  medical  students  should  aim  to  present  only  those 
conclusions  that  have  crystalli7.ed  out  of  the  controversies  of  other 
times^  and  ignore  entirely  the  live  issues  of  the  day  which  are 
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of  80  much  interest  and  importance  not  only  to  physiology,  but 
to  all  branches  of  medicine.  With  this  idea  in  mind  the  author 
has  endeavored  to  make  the  student  realize  that  physiology  is  a 
growing  subject,  continually  widening  its  knowledge  and  read- 
justing its  theories.  It  is  important  that  the  student  should 
grasp  this  conception,  because,  in  the  first  place,  it  is  true;  and, 
in  the  second  place,  it  may  save  him  later  from  disappointment 
and  distrust  in  science  if  he  recognizes  that  many  of  our  conclu- 
sions are  not  the  final  truth,  but  provisional  only,  representing 
the  best  that  can  be  done  with  the  knowledge  at  our  command. 
To  emphasize  this  fact  as  well  as  to  add  somewhat  to  the  interest 
of  the  reader  short  historical  risumis  have  been  introduced  from 
time  to  time,  although  the  question  of  space  alone,  not  to  men- 
tion other  considerations,  has  prevented  any  extensive  use  of  such 
material.  It  is  a  feature,  however,  that  a  teacher  might  develop 
with  profit.  Some  knowledge  of  the  gradual  evolution  of  our 
present  beliefs  is  useful  in  demonstrating  the  enduring  value  of 
experimental  work  as  compared  with  mere  theorizing,  and  also  in 
engendering  a  certain  appreciation  and  respect  for  knowledge 
that  has  been  gained  so  slowly  by  the  exertions  of  successive 
generations  of  able  investigators. 

A  word  may  be  said  regarding '  the  references  to  literature 
inserted  in  the  book.  It  is  perfectly  obvious  that  a  complete 
or  approximately  complete  bibliography  is  neither  appropriate 
nor  useful,  however  agreeable  it  may  be  to  give  every  worker  full 
recognition  of  the  results  of  his  labors.  But  for  the  sake  of  those 
who  may  for  any  reason  wish  to  follow  any  particular  subject 
more  in  detail  some  references  have  been  given,  and  these  have 
been  selected  usually  with  the  idea  of  citing  those  works  which 
themselves  contain  a  more  or  less  extensive  discussion  and  litera- 
toe.  Occasionally  also  references  have  been  made  to  works  of 
historical  importance  or  to  separate  papers  that  contain  the  experi- 
naental  evidence  for  some  special  view. 
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SECTION  I. 

THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE. 


CHAPTER  I. 
THE  PHENOHENON  OF  CONTRACTION. 

The  tissues  in  the  mammalian  body  in  which  the  property  of 
contractility  has  been  developed  to  a  notable  extent  are  the  mus- 
cular and  the  ciliated  epithelial  cells.  The  functional  value  of  the 
mu!?cles  and  the  cilia  to  the  body  as  an  organism  depends,  in  fact, 
upon  the  special  development  of  this  property.  The  muscular 
tissues  of  the  body  fall  into  three  large  groups,  considered  from 
either  a  histological  or  a  functional  standpoint, — namely .  the  striated 
skeletal  muscle,  the  striated  cardiac  muscle,  and  the  plain  muscle. 
These  tissues  exhibit  certain  marked  differences  in  properties  which 
are  described  farther  on.  In  each  group,  moreover,  there  are 
certain  minor  differences  in  structure  which  are  associated  with 
differences  in  properties;  thus,  skeletal  muscle  from  different  re- 
gions of  the  same  animal  may  show  variations  in  rapidity  of 
contraction,  and  this  variation  goes  hand  in  hand  with  an  obvious 
difference  in  histological  structure.  Similar,  perhaps  more 
inarked,  differences  are  observed  in  the  plain  muscular  tissue  of 
various  organs.  The  muscular  tissues  from  animals  belonging  to 
different  classes  exhibit  naturally  even  wider  variations  in  proper- 
ties, and  these  differences  in  some  cases  are  not  associated  with 
visible  variations  in  structure. 

The  Structure  of  Skeletal  Muscle. — This  tissue  makes  up  the 
essential  part  of  the  skeletal  muscles  by  means  of  which  our 
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voIuBtar^^  movements  are  effected.     What  we  call  a  miLscIe 
organ  composed  of  many  thoy sands  of  muscle  fibers,  hoimd  to- 
gether by  connective  tissue,  and  surrounded  by  a  sheath  of  the 
same  tissue.     Each   fiber  is  a  minut4?  cylindrical  or  prismatic 
thread,  whose  diameter  varies  perhaps  between  0.1  and  0.01  mm,, 
and  whose  length  does  not  exceed  36  mm.     It  constitutes  the  unit 
of  structure  of  the  muscle,  and  the  shortening  of  the  muscle,  as  a 
whole,  is  the  expression  of  the  combiutMil  effect  of  the  contractiona 
of  the  constituent  fibers.     In  considering  the  physiology  of  th^fl| 
muscle  as  a  contracting  mechanism  it  is  convenient  to  discuss  the 
phenomenon  as  it  occurs  in  a  single  fiber.     As  a  matter  of  fact, 
each  fiber  is  a  complex  structure,  consisting  of  several  distinct 
parts.     It  is  developed  from  a  single  cell^  and  since  it  contains  a 
number  of  nuclei,  we  may  regard  it  histologically  as  a  sort  of  a 
multinnclear  giant  cell  of  elongateti  form.     Each  fiber  is  enclosed 
within  a  thin,  structureless,  elastic  memlirane,  the  sarcolenxraa. 
The  mat<*rial  of  the  fiber  inside  the  sarcolenunal  bag  shows  the 
characteristic  cross-striation,  and  is  supposed  to  be  of  a  semi- 
hquitl  or  viscous  consistency  when  living.     This  material,  as  a 
whole,  is  designated  as  the  muscle  plasma. 

There  is  on  record  an  interest ing  observation  bv  Kijhne*  which  seems 
to  demonstrate  the  fluid  nature  of  the  living  muscle  substance.  He  hap- 
pened, on  one  occasion ♦  to  find  a  frog's  muscle  fiber  containing  a  nematoae 
worm  within  the  sarcolemma.  The  animal  swam  readily  from  one  end  of 
the  fiber  to  the  other,  pushing  aside  the  cto&s  bands,  which  fell  into  place 


Fia.  1. — A  crcMA'dectiuD  of  muscle 
fiber  oT rabbit.  The  bund  lea  of  6brila  are 
dai-k;  the  ioterveamg  smikll  &mount  of 
earooplasm   10   repr«9et)t«d    by   tbe    clear 


Fig.  2,— CroBa-«ecti<jn  of  two  muscle 
fibem  of  the  fly:  Mt^  Tbe  columne  of 
tibiila;  5p»  tbe  mtcopUMm.—iSchufftr^ 
decker.) 


again  after  the  animal  had  passed.  At  one  end»  where  the  fiber  had  been 
injured,  the  worm  was  unable  to  force  its  way.  Tlie  muscle  substanoe  at 
this  point  was  dend  and  apparently  had  passed  into  a  sfdid  condition,  Tlie 
fact  that  the  cross  bands  were  displactKf  only  temporarily  by  the  movement 
and  fell  back  into  their  normal  position  would  indicate  that  they  may  have 
a  more  solid  structure, 

*  Kilhne,  ''Archly  fur  pathologiBche  Aaatomie/'  26,  222,  1853* 
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Disregarding  the  nuclei,  the  muscle  pla^sma  consists  of  two 
different  structures:  the  fibrils,  which  are  long  and  thread-like  and 
run  the  length  of  the  fiber,  and  the  inter- 
vening sareopla^sm.  The  fibrils  consist  of 
alternating  dim  and  light  discs  or  segments, 
which,  falling  together  in  the  different  fibrils, 
give  tlie  cross-striation  that  is  character- 
istic. In  mammalian  muscles  the  fil>rils  are 
grouped  more  or  less  distinctly  into  bundles 
or  columns  (sarcostyles),  between  which  lies 
tiie scanty  sarcopla.^m.  The  relative  amount 
of  soreoplasm  to  fibrillar  substance  varies 
greatly  in  the  striped  muscles  of  differ ent 
aninmlfi,  as  is  indicated  in  the  accompanying 
illustrations.  The  evidence  from  compara- 
tive physiolog\'  indicates  that  the  fibrils  are 
the  contractile  element  of  the  fiber,  while 
the  sarcoplasm,  it  may  be  assumed,  pos- 
sasfiCK  a  general  nutritive  function.  Among 
nmmmals  there  are  certain  nmscles  in  which 
the  amount  of  sarcoplasm  within  each  fiber 
is  relatively  large,  and  this  sarcoplasm  ^ 
toing  the  granular  structure  common  to 
ufldifpfentiated  protoplasm,  interferes  with 
the  clearness  of  striation  of  the  fibers. 
Rbm  of  this  latter  sort  are  usually  of  a 
deeper  color  than  those  in  which  the  sarco- 
ptasm  is  less  abundant,  and  the  two  varie- 
faes  have  been  designated  as  the  red  (more 
abuntiaat  sarcoplasm)  and  the  pale  fibers. 
MiMcleg  eontairung  chiefly  the  less  clearly 
s^ted  red  fibers,  for  example,  the  dia- 
phnigm  and  the  heart*  are  characterized 
physiologically  by  a  slower  rate  of  contrac- 
tion and  by  a  relatively  small  susceptibility 
^  fatigue.  The  so-called  red  and  pale  fibers 
niay  occur  in  the  same  muscle.  The  sepa- 
rate fibrils,  hke  the  entire  fiber,  show  two 
'^i'Mls  of  substance*  the  alternating  dim  and 
l%bl  bands,  and  these  two  materials  are 
obvioiLsly  different  in  physical  structure  as 
^^  by  ordinar^^  light.  When  examined  by 
polarisjed  light,  this  difference  becomes  more  evident,  for  the  dim 
subgtance  possesses  the  property  of  double  refraction.  When  the 
nHisde  fiber  is  placed  between  crossed  Nicol  prisms  the  dim  bands 


P 

Y'vg,  3. — To  ihow  the 
»pi>isN,rancc  ol  tbe  rLLin 
(dnijsotropic)  and  light 
( isotropic)  bands  *t  rest 
und  in  contraction,  oa  iie<?n 
by  ordinnrj^  and  by  polar- 
i«pd  lijitht*  Thi*  Bgure  rep- 
reseats  a  muscre  fibril 
(bt-orlf*)  in  which  the  lower 
portion  haa  been  fixed  in  a 
ronditian  of  contractioa, 
C>ti  the  left  the  [rtattoDii  fif 
the  dim  and  light  band*  are 
shown  B«  they  appear  in 
ordinar>'  Unhtt  in  the  re- 
lai«<J  (upper  part),  and  tke 
contracted  (lower  purl^ 
stale.  On  the  right  the  re- 
Intiona  of  the  bandA  ar» 
alKiirn  u  they  appear  when 
phieed  betwwn  erosied 
Nicol  priflms.  The  white 
»paccfl  repTMeot  the  dim 
band*. 
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appear  bright,  while  the  light  bands  remain  dark,  a*?  i:^  shm 
in  Fig;.  3.  From  this  standpoint  the  material  of  the  light 
bands  in  the  normal  fibrils  is  spoken  of  as  isotmpous,  ami  that  m 
tile  dim  bands  a^  anisotropous.  The  anisotropic  material  of  tlie  _ 
dim  bands  consists  of  doubly  refracting  positive  uniaxial  particles,  ■ 
and  En^elmann  has  claimed  that  such  particles  may  be  discovered 
in  all  contractile  tissues.*  The  inference  made  by  him  is  that 
this  anisotropic  sui>st!inre  is  the  contraetile  material  in  the  pro- 
toplasni,  the  machinery,  so  to  speak,  through  which  its  shortening 
is  aceoniplished.     Engelmann   supports   this  conclusion   by    the 

.  statement  that  *  hiring  contraction  the  size  of  the  dim  liands  in- 
creases at  the  expense  of  the  material  in  the  light  bands. t     This 

I  theory  is  indieat^l  in  the  schema  given  in  Fig.  3.  The  relative 
ehangt^  in  appearance  of  the  anisotropic  and  isotropic  bands 
during  the  phase  of  contraction,  which  are  shown  in  the  figure, 
may  be  explained  on  the  assumption  that  the  anisotropic  sub- 
stance absorbs  or  imljil>es  water  from  the  isotropic  layer.  Engel- 
mann  has  useti  such  an  assumption  as  the  liasis  for  a  theorj^  of  the 
shortening  of  the  muscle  (p*  72),  Unfortunately,  the  histological 
changes  indicated  in  Fig.  3  have  not  lieen  wholly  corrolmrattKi  by 
later  observers.  Hiirthlel  states  that  during  contraction  the 
amsotrt>pic  band  may  shrink  to  less  than  one-half  its  width,  while 
the  isotropic  layer  shows  no  change.  He  finds  in  this  appearance 
a  confirmation  of  the  \iew  that  the  anisotropic  sul>stance  consti- 
tutes the  active  contractile  material  of  the  muscle,  but  there  is 
no  evidence^  he  thinks,  to  sup|K>rt  the  assumption  that  the  change 
in  the  anisotropic  byer  is  due  lo  imbibition  of  water  from  the 
isotropic  layer  or  from  any  other  source. 

The  Extensibility  and  Elasticity  of  Muscular  Tissue*— Muscular 
tissue,  when  acted  upon  In'  a  weight,  extends  quite  readily,  and 
when  the  weight  is  remove*!,  it  rt*gains  its  original  form  by  virtue 
of  its  elasticity.  In  our  botUes  the  muvscles  stretched  from  bone 
to  bone  are,  in  fact,  in  a  state  of  elastic  tension.  If  a  muscle  is 
severed  by  an  incision  across  its  belly  the  ends  rc^tract.  The 
exteiLsibility  and  elasticity  of  the  muscles  add  to  the  effective- 
ness  of  the  muscular-skeletal  machinery.  A  muscle  that  is  in  a 
state  of  elastic  tension  contracts  more  promptly'  and  more  effec- 
tively for  a  given  stinmlus  than  one  which  is  entirely  relaxed. 
Moreover,  in  our  joints  the  arrangement  of  antagonists— ^flexors 
and  ext elisors -=is  such  that  the  contraction  of  one  move^  the 
bone  against  the  pull  of  the  extensible  and  elastic  antagonist. 

♦  This  claim  hius  b**i*ii  denied,  siee  Ellis.  "  Anwncan  Journal  of  Phvsiologv'/* 
3b  370,  1913. 

t  BjwJrrmami.  **EI«'fro-physiolog>'/'  vol.  i.  translated  by  VVelby,  and 
Engt^-l  uia  n  n .  "A  rr  U  i  \  fii  r  d  ic  ptt^sfun  in  i  v  Phy  s  iologi  p,  *  *  1 8,  I . 
t  Hiirthle,  "Art^hiv  t.  d,  ges.  Pbysiologie/*  I2t>,  I,  1909. 
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^^  ^oM  seem  that  the  movements  of  the  skeletun  must  gain 
^^^h  in  smoothness  and  delicaey  by  this  iiiTangeiiient.  the 
^mka\  advaiuuges  of  the  exterisibihty  arifl  ehisticity  of  mus- 
^'''^f  tissue  are  evident  not  only  in  the  contnictiuns  of  our  volun- 
^7*3'  muscles,  but,  as  we  shall  see,  in  a  striking  way  also  in  the 
^cy/ation,  in  which  the  forre  uf  the  heart  beat  is  stored  and 
^^^/lomicaUy  distributed  by  the  elastic  tension  of  the  distentled 
l^'^eries.  The  extensibility  of  muscular  tissue  has  l)een  studied 
f^  comparlsnn  with  the  extensibility  of  dead  ehistic  bodies.      With 


PSg.  4.— Hfi^  Cun'e  of  drtenHtofi  of  a  rubber  band!,  to  show  the  eijual  extenciori.H  forequat 

leenmHiU  of  welffbt,     Tbe  band  buxl  &s\  ioitial  Joad  of  17  JcnuL|    tind  this  wat«  increoiwd 

byimmattA  of  3  kida.  in  each  of  tbe  nine  «xtenflions,  the  final  loud  beintfc  44  gtuM,     The 

laiie  knung  the  mnds  of  the  ordmate?*  in  a  jftmifcht  tine.     b.  tSjrve  uf  ox  tension  of  a  frof^'a 

mdf^|iutrtM:nemiuf=).  The  initial  load  aad  tbe  ineretnent  of  weight  were  the  aime  a«  with 

tw  lohber.     Tbe  curv^p  shows  a  ilecrea-suig  extension  for  equal  inerenienlB.     The  line  ioiii« 

wttKfrccuU  of  the  ordinates  i*  cur%'ed. 

T^HTfl  to  the  latter  it  is  kno%vn  that  the  strain  that  the  body 
iHidergoes  is  proportional,  within  the  limits  of  elasticity,  to  the 
itress  put  uiK>n  it.     If,  for  instance,  weights  are  attached  to  a 

I rubWr  hand  suspended  at  one  end,  the  amount  of  extension  of 
tt'  band  will  be  directly  proportional  to  the  weights   used.     If 

|the  extensions  are  measured  the  relationship  may  be  represented 
^shomi  in  Fig.  4,  the  equal  increments  in  weight  being  indicated 
"}' Ia)ing  off  equal  distances  on  the  abscissa,  and  the  resulting 
exteasionw  liy  the  height  of  the  ordinates  dropped  from  each 
]m\[.  If  the  ends  of  the  ordinates  are  joined,  the  result  is  a 
^^''iiight  line.  When  a  similar  experiment  is  made  with  a  living 
^^ck  it  is  found  that  the  extension  is  not  proportional  to  the 
^'^'ght  used.  The  amount  of  extension  is  greatest  in  the  begin- 
Wfi|r  m^j  decreases  prcjportionately  with  new  increments  of 
^piffbt.  If  the  results  of  such  an  experiment  are  plotted,  as 
ove»  representing  the  equal  increments  of  weight  by  equal 
di-^tancf^  along  the  abscissa  and  the  resulting  extensions  by  ordi- 
M^  dropped  from  these  points,  then  upon  joining  the  ends  of 
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the  ordinates  we  obtain  a  curve  concave  to  the  abscissa.  At 
first  the  muscle  shows  a  relatively  large  extension,  but  the  eflfect 
becomes  less  and  less  with  each  new  increment  of  weight,  the 
curve  at  the  end  approaching  slowly  to  a  horizontal.  If  the 
weight  is  increased  until  it  is  sufficient  to  overcome  the  elasticity 

of  the  muscle  the  curve  is  altered — it 
becomes  convex  to  the  abscissa,  or,  in 
other  words,  the  amount  of  extension 
increases  with  increasing  increments  of 
weight  up  to  the  point  of  rupture,  as 
shown  in  the  accompanying  curve* 
(Fig.  5).  Haycraftt  calls  attention  to 
the  fact  that  under  normal  conditions 
the  physiological  extension  of  the  frog's 
muscles  in  the  body  is  equal  to  that 
produced  by  a  weight  of  10  to  16  gms., 
and  that  when  the  excised  muscle  is 
extended  by  weights  below  this  limit  it 
follows  the  law  of  dead  elastic  bodies, 
giving  equal  extensions  for  equal  incre- 
ments of  weight.  It  is  only  after  pass- 
ing this  limit  that  the  law  stated  above 
holds  good.  It  should  be  added  also 
that  the  amount  of  deformation  ex- 
hibited by  a  muscle  or  other  living 
tissue  placed  under  a  stress  varies  with 
the  time  that  the  stress  is  allowed  to 
act.  The  muscle  is  composed  of  vis- 
cous material,  and  yields  slowlj'  to  the 
force  acting  upon  it.  In  experiments 
of  this  kind,  therefore,  the  weights 
should  be  allowed  to  act  for  equal 
intervals  of  time.  It  has  been  shown 
a  muscle  is  greater  in  the  contracted 


Fig.  5. — Cun-e  given  by 
Marey  to  show  the  effect  upon 
the  extension  of  muscle  caused 
by  increasing  the  load  regularly 
to  the  point  of  rupture:  From 
o  to  a  the  extension  of  the 
muscle  decreases  as  the  weight 
increases,  giving  a  cur>-e  conca\'e 
to  the  abscissa:  at  a  the  limit 
of  elasticity  is  passt>d  and  the 
muscle  lengthens  by  increasing 
extensions  Tor  e<|ual  incrementj*: 
at  X  rupture  (750  gms.  for  frog'.t 
gastrocnemius). 


that  the  extensibility  of 
than  in  the  resting  state. 

The  cxiTve  of  extension  described  above  for  skeletal  muscle 
holds  also  for  so-called  plain  muscle.  This  latter  tissue  forms  a 
portion  of  the  walls  of  the  various  viscera,  the  stomach,  bladder, 
uterus,  blooii-vessels,  etc.,  and  the  facts  shown  by  the  above  curve 
enter  frei^uently  into  the  explanation  of  the  physical  phenomena 
exhibiteii  by  the  viscera.  For  instance,  it  follows  from  this  curve 
that  the  force  of  the  heart  beat  will  cause  less  expansion  in  an 
arter>-  already  distended  by  a  high  blood-pressure  than  in  one  in 
which  the  blooil-pressure  is  lower. 

♦  See  MaiTV.  "  Dii  nwiivemont  dans  los  fonctions  de  In  vie,"  1S6S.  p.  284 

t  FUycmftl  "Journal  of  Phj-aology."  31,  392.  1904. 
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The  Irritability  and  Contractility  of  Muscle. — Under  normal 
conditions  in  the  body  a  muscle  is  made  to  contract  by  a  stimulus 
received  from  the  central  nervous  system  through  its  motor  nerve. 
If  the  latter  is  severed  the  muscle  is  paralyzed.  We  owe  to  Haller, 
the  great  physiologist  of  the  eighteenth  century,  the  proof  that 
a  muscle  thus  isolated  can  still  be  made  to  contract  by  an  artificial 
stimulus — e,  g.,  an  electrical  shock — applied  directly  to  it.  This 
significant  discovery  removed  from  physiolog>'  the  old  and  harmful 
idea  of  animal  spirits,  which  were  supposed  to  be  generated  in  the 
central  nervous  system  and  to  cause  the  swelling  of  a  muscle  during 
contraction  by  Sowing  to  it  along  the  connecting  nerve.  But  to 
remove  a  muscle  from  the  body  and  make  it  contract  by  an  artificial 
stamulus  does  not  prove  that  the  muscle  substance  itself  is  capable 
of  being  acted  upon  by  the  stimulus,  since  in  such  an  experiment 
the  endings  of  the  nerve  in  the  muscle  are  still  intact,  and  it  may 
be  that  the  stimulus  acts  only  on  them  and  thus  affects  the  mus- 
cle mdirectly .  In  a  number  of  ways,  however,  physiologists  have 
found  that  the  muscle  substance  can  be  made  to  contract  by  a 
stimulus  applied  directly  to  it,  and  therefore  exhibits  what  is 
known  as  independent  irritability.  The  term  irritability,  according 
to  modem  usage,  means  that  a  tissue  can  be  made  to  exhibit  its 
peculiar  form  of  functional  activity  when  stimulated, — e.  g,,  a 
muscle  cell  will  contract,  a  gland  cell  will  secrete,  etc., — and  inde- 
pendent irritability  in  the  case  under  consideration  means  simply 
that  the  muscle  gives  its  reaction  of  contraction  when  artificial 
stimuli  are  applied  directly  to  its  substance.  This  conception 
of  irritability  was  first  introduced  by  Francis  Glisson  (1597-1677), 
a  celebrated  English  physician.*  Subsequent  writers  frequently 
used  the  term  as  s>Tion>Tnous  with  contractility  and  as  applicable 
only  to  the  muscle.  But  it  is  now  used  for  all  living  tissues  in 
the  sense  here  indicated.  A  simple  proof  of  the  independent 
irritability  of  a  striated  muscle  is  obtained  by  cutting  the  motor 
Derve  going  to  it  and  stimulating  the  muscle  after  several  days. 
We  know  now  that  in  the  course  of  several  days  the  severed  nerve 
fibers  degenerate  completely  down  to  their  terminations  in  the 
muscle  fibers,  and  the  muscle,  thus  freed  from  its  ner\'^e  fibers  by 
the  process  of  degeneration,  can  still  be  made  to  contract  by  an 
artificial  stimulus.  The  classical  proof  of  the  independent  irri- 
tability of  muscle  fibers  was  given  by  Claude  Bernard,  the  great 
French  physiologist  of  the  nineteenth  centurj-.  He  made  use 
of  the  so-called  arrow  poison  of  the  South  American  Indians. 
This  substance  or  mixture  of  substances  Is  known  generally  under 
the  name  curare;  it  is  prepared  from  the  juices  of  several  plants 
(strychnos)  (Thorpe).  The  poisonous  part  of  the  material  is  soluble 
*  See  Foster^s  ''History  of  Physiology,"  p.  287. 
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in  water,  and  Bernard  showed  that  when  such  an  extract  is  injected 
into  the  blood  or  hypodermically  it  paralyzes  the  motor  nervea 
at  their  peripheral  end,  so  that  direct  stimiiktion  of  these  nerves 
is  ineffective.  Direct  stimulation  of  the  muscle  substance,  on  the 
contrary,  causes  a  contraction,*  We  are  justified,  therefore,  in 
saying  that  skeletal  muscle  possesses  the  properties  of  independ- 
ent contractility  (Haller)  and  indei>endent  irritability  (Ber- 
nanl).  By  the  former  term  we  mean  that  the  shortening  of  the 
muscle  is  due  to  active  processes  developed  in  its  own  tissue, 
by  the  latter  we  mean  that  the  muscular  tissue  may  be  nuule 
to  enter  into  contraction  by  artificial  stimuli  applied  directly 
to  its  own  substance.  This  latter  property  cannot  be  said  to 
bold  for  all  the  tissues.  Whet  h(*r  a  nerve  cell  or  a  glanu  cell  may  be 
made  to  enter  into  its  specific  form  of  activity  by  the  direct  appli- 
cation of  an  artificial  stimulus  is  still  an  undetermined  question. 

Artificial  Stimuli. — If  we  designate  the  stimulus  that  the 
musrle  receives  nnrmatly  from  its  nerve  as  its  normal  stimulus, 
all  other  forms  of  energy  which  may  l>e  useil  to  start  its  contraction 
may  be  grouped  under  the  rlesignation  artificial  stimuli.  Experi- 
ments have  shown  that  a  contraction  may  be  aroused  by  mechanic 


Fin-  6. — The  ifiductioEi  coQ  as  uaedl   tor  phyaoloricfll  purposes   fdu  Bois-Reymoi 
pftttem):  j4.  The  primary  coil;   B,  ehe  secoudnry  coil;  J^'.  buiiliuj^  jKusts  to  wliich  ttre  a.^ 
taebed  the  wires  from  the  battery,  they  connect  with  the  en*ls  of  coil  A:  /**♦  bindina:  post* 
eonoectiDg:  with  ends  of  coill  B^  thmugh  which  the  induction  current  is  led  off;  6\  the  aUd«- 
with  aeale,  in  which  coil  B  is  moveil  to  alter  it«  difltaaoe  from  A, 
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cal  stimuH,— for  instance,  by  a  sharp  blow  applied  to  the  muscle;  by 
thermal  stimvdi,— ^that  is,  by  a  sudden  change  in  temperature;  by 
chemical  stimuli,— f(*r  example,  by  the  action  of  con  centra  tetl  solu- 
tions of  salts,  and  finally  l>y  electrical  stimuli.  In  practice,  how-  . 
ever,  only  the  last  form  of  stimulus  is  found  to  be  con%^enient.  Thell 
mechanical  and  thermal  stimuli  cannot  be  well  applied  without  at 
the  same  time  injuring  the  muscle  sul>stancc,  and  the  same  is  prob- 
ably tme  of  chemical  stimuli,  w  hich  possess  t  lie  chsuth  autagc.  more- 
over, of  not  exciting  simultaneously  tlie  different  tibers  of  which 
the  muscle  is  composed.     Electrical  stimuli,  on  the  contrary,  are 

•  **I/e<;onB  sur  lea  effcttt  des  substanci^  toxiquet^  et  mMicamenleuaea/* 
1857,  pp.  238  el  msq. 
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Implied  easily,  are  readily  controlled  as  regards  their  intensity,  and 
affect  all  the  fibers  simultaneously,  thus  giving  a  co-ordiinated 
contraction  of  the  entire  bundle,  as  is  the  case  with  the  normal 
stimulus.  For  electrical  stimulation  we  may  use  the  galvanic 
current  taken  directly  from  the  battery,  or  the  induced  or  so-called 
faradic  current  obtained  from  an  induction  coil.  Under  most 
conditions  the  latter  is  more  convenient,  since  it  gives  brief  shocks, 
the  strength  and  number  of  which  can  be  controlled  readily.  The 
form  in  which  this  instrument  is  used  in  experimental  work  in 
physiology  we  owe  to  du  Bois-Reymond;  hence  it  is  frequently 
known  as  the  du  Bois-Reymond  induction  coil.  Ebcperimental 
physiology  owes  a  great  deal  to  this  simple  and  serviceable  in- 


.  Kf.7. — Schema  of  induction  apparatus. — (Lombard.)  b  represents  the  galvanio 
pMwy  connected  by  wires  to  the  primary  coil.  A,  On  the  course  of  one  of  these  wires 
"  9  '"yin  to  make  and  break  the  current.  B  shows  the  principle  of  the  secondary 
5JMnd  the  connection  of  its  two  ends  with  the  nerve  of  a  nerve-muscle  preparation. 
u55Ji  '****^  current  is  closed  or  made  in  .A.  a  brief  current  of  high  intensity  is 
["{Jjcji  m  B.  This  is  known  as  the  making  or  closing  shock.  When  the  battery  current 
■  Prolan  in  A,  a  second  brief  induction  current  is  aroused  in  B,  This  is  known  as  the 
•■•••ffll  or  opening  shock. 

strument.  A  figure  and  brief  description  of  the  apparatus  are 
appended  (Figs.  6  and  7). 

Simple  Contraction  of  Muscle. — Experiments  may  be  made 
upon  the  muscles  of  various  animals,  but  ordinarily  in  physiolog- 
ical laboratories  one  of  the  muscles  (gastrocnemius)  of  the  hind 
leg  of  the  frog  is  employed.  If  such  a  muscle  is  isolated  and 
connected  with  the  terminals  from  an  induction  coil  it  may  be 
stimulated  by  a  single  shock  or  by  a  series  of  rapidly  repeated 
shocks.  The  contraction  that  results  from  a  single  stimulus 
IS  designated  as  a  simple  contraction.  In  the  frog's  muscle  it  is 
verj'  brief,  lasting  for  0.1  second  or  less;  but  in  this,  as  in  other 
respects,  cross-striated  muscular  tissue  varies  in  different 
animals,*  as  is  shown  by  the  accompanying  table,  which  gives  a 
general  idea  of  the  range  of  rapidity  of  contraction : 

*Cash,  "Archiv  f.  Anat.  u.  Physiol.,"  1880,  suppl.  volume,  p.  147. 


26         THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE. 

DURATIOX  OF  A  SIMPLE  MUSCULAR  CONTRACTION. 

Insect 0.003  sec. 

Rabbit  f Marey) 0.070     " 

Frog 0.100    " 

Terrapin 1.000     " 

The  series  may  be  continued  by  the  figures  obtained  from  the 
plain  muscle,  thus: 

The  involuntary  muscle  (mammal) 
Foot  muscle  of  slug*  (Ariolimax) . . 


The  duration  of  the  simpl 
in  the  muscles  of  different  pi  ^ 

according  to  Cash,  the  hyoglc 
0.205  to  0.3  .second,  while  the  ; 
in  the  tortoise  the  pectoralis 
omohyoid  only  0.55  second; 
muscle)  requires  1  second,  the 


"^1  J  ••    \  \l 

0.25  second.     On  examining  in  <^  14     ^     I    » 


shown  that  the  variations  bear  a       •  ^    '  1  ^ 
of  the  muscles.     Rapidity  of  c«   M  ^     i^  f   • 
contraction  are  two  properties  wl  \  1     •  ^    J   ^ 

' W" 


by  the  processes  of  adaptation,  ei 
to  suit  the  needs  of  the  organism 
and  red  nuisdes  in  such  an  anim 
idea.  It  will  be  reineinl)ered  als( 
a  difference  in  histological  struct 

The  Curve  of  Contraction, 
attached  to  a  lever  this  leaver  mav 


lis*    -I  V  N  "^  '^  X 

vb  ;<  .  4Av 


^ 


cur^•t^wlu<'ll,InakiIl,ir  us(M)f  the  sy.stei       \  J 

will  iiulicate  not  only  the  full  extei       I  \\ 

the  amount  of  shortcniim  or  siibstniu*      ^         j    ^ 
during  the  tMitirc  pcritMl.     Tn  t>l>iain       ^  *      ^ 

contrartiiiir  t'roii's  niusilc  it  i^  cviilci  I  W^ 
must  move  with  considerable  rapidity  ^^  ^^ 
.\  curve  of    this    kind    is    re]>rescntc    ^'^  ..|^iesents 

the  axis  o\   abscissas  ant  I   ^ives  the  .   ume.     A  vertical 

ordinate  civrttMl  ai  any  pt>int  nn  f  ijives  liie  extent  of  shortening 
at  il\at  nioincni.  IVhnv  the  <urve  ot  liie  muscle  is  the  record 
o\  the  vibralit>ns  »>!'  a  lunini:  lork  iriviim  1(K)  double  vibrations 
JHM*  second:  thai  i>.  the  distance  ironi  civst  to  civst  rejmvs^MU.s  an 
•  C':irUi»ii.  ■'  Vin.T'.iMii  .li»urM:il  oi   rhv^ioloisv."  10.  41v  VMH. 
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ini^TYsl  of  riiy  of  a  second*  Three  principal  fact.s  are  brought  out 
by  an  analysis  of  the  curve:  I.  The  hiteiit  period.  By  thii^  is 
meant  that  the  muscle  does  not  begin  to  ^shorten  until  a  certain 
time  after  the  stiniulys  i.s  applieci.     On  the  curve  tlie  {Stimulus 


enteis  the  muscle  at  S,  and  the  dktance  between  this  point  and  the 
beginning  of  the  rise  of  the  curve,  interpreted  in  time,  is  the  lat^ent 
period.  IL  The  pha^  of  shortening,  which  has  a  definite  course 
and  at  its  end  immediately  passes  into  III.,  the  phase  of  i^laxation. 

The  Latent  Period*— In  the  contraction  of  the  isolated  frog's 
muscles  as  usually  recorded  the  latent  {>eriod  amounts  to  0,01  sec, 
but  it  is  generally  assumed  that  this  period  is  exaggerated  by  the 
method  of  recording  used,  since  the  elai^ticr'.y  of  the  muscle  itself 
prevents  the  inmiediate  registration  of  the  movement.  By  improve- 
ments in  methofls  of  technique  the  latent  period  for  a  fresh  muscle 
may  be  reduced  to  as  httle  as  0.(X)5  or  even  0.004  sec.  Under  the 
conditions  in  the  lx>dy,  however,  the  muscle  contracts  against  a 
load,  as  when  lifting  a  lever;  hence,  we  may  assume  that  normally 
there  is  a  lost  time  of  at  lenst  0.01  sec.  after  the  stimulus  enters  the 
muscle.  In  addition  to  the  latent  period  due  to  the  elasticity 
oft  he  muscle  it  is  certain  that  a  brief  amount  of  time  actually 
eijipses  after  the  stimulus  enters  the  umscle  before  the  act  of 
slwrtening  begins;  some  time  Is  taken  up  in  the  chemical  changes 
wid  the  effect  of  these  changes  in  puttmg  tlic  mechanism  of  con- 
tiBction  into  play  (see  below  on  the  Theory'  of  Muscle  Contractions). 
The  latent  period  A^aries  greatly  in  muscles  of  different  kinds,  and  in 
the  5ame  muscle  varies  with  its  conditions  as  regards  temperature, 
f^tigije^  load  to  be  raised,  etc, 

The  Phases  of  Shortening  and  of  Relaxation. —In  the  normal 

if^'s  muscle  the  phase  of  shortening  for  a  simple  contraction  occu- 

lp«8  about  0.04  second,  while  the  i^laxation  may  be  a  trifle  longer, 

^•0^  aec.     In  muscles  whose  (juration  of  rnn  tract  ion  difTei's  from 

that  of  ihe  frog  the  time  values  for  the  shortening  and  the  relaxation 
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exhiijit  rorresponding  differences.  As  we  have  seen,  the  appearance 
of  the  mugele  filler  when  viewetl  by  polarized  light  indirate-s  that 
during  the  phase  of  shorteninjc  the  most  marked  physical  change 
occurs  in  the  anisotropic  band-  Whatever  may  l>e  the  nature 
of  this  change,  it  is  evidently  a  reversible  one.  After  reaching 
its  maximum  it  proceeds  in  the  opposite  direction,  the  particles 
rt^tiim  to  their  original  ]K)sition,  and  a  relaxation  occurs.  Many 
conrlitionsj  some  of  which  will  be  described  below,  alter  the  time 
necessar}^  for  these  processes,  that  is,  the  duration  of  the  simple 
contraction.  It  is  noteworthy  that  it  is  the  phase  of  relaxation 
which  may  be  most  easily  prolonged  or  shortened  by  varying 
conditions. 

Isotonic  and  Isometric  Contractions*— In  the  method  of  reconling  the 
BhorteninjEj  of  the  muscle  that  is  ilfc^'ribed  al>ove  the  muscle  Is  supposed  to  con- 
tract agaiu^'t  a  eon.-^tant  load  which  it  vmi  lift.  Sych  a  coetractio;i  is  spoke^^J 
of  as  an  isotonic  t-otit ruction.  If  the  uuiscJe  fs  allowed  to  contract  apaiii^^l 
a  tc*ni«i<tn  too  great  for  it  to  overcome — a  stiff  J^pring,  for  instaiiee — it  is  prae- 
ticaily  prevent eti  from  shc>iterung,  and  a  t  oritraction  of  this  kind,  in  which 
tiie  length  of  the  nia^^cle  remains  unchangeti,  i.s  s|x»keu  of  as  an  iscimetric 
contraction,  A  curve  tif  such  a  contraction  may  l^e  ohtaineil  by  magnifying 
greatly,  by  me^mt?  of  levers,  the  slight  change  in  the  stiff  spring  agains^t  which 
the  nms^'le  Is  coiitmcthjg.  Such  a  cnr\'e  give?^  a  picture  of  the  liberation  of 
euei^"  within  the  muscle  during  contraction* 

Tne  usual  oval  form  of  dynamometer  employed  to  record  the  grip  of  tlie 
EexoiB  of  the  fingers  gi\'e8  an  isometric  record  of  the  eneiigy  of  contraction 
of  these  muscles. 


Fig,  9. — Effect  of  var>inK  the  Rtreiiitth  of  stlmuhis.  The  ^pare  showv  the  effe*^  upon 
the  icaiitrocncmiu.*^  mui*ok  of  a  frog  of  Kr*MJually  iiic»««iM  the  stimtilu.-'  (Ivrrakinn  induction 
fthfjck/  until  tujudmum  oontraction?  were  obl'iinwi.  TSw  stimuli  were  iheii  decreat^l  in 
f^trenicth  jund  the  ooninustkinH  fell  off  throuich  a  f^ne^  of  rrii<luflJly  tieerf>a<«in^  BubauLxirniiJ 
euMtractianft.  The  aerim  up  aih\  down  l<  lutt  ab.«*olytely  regtjlar  owing  lo  the  diflBcuIty  of 
fibtnininjT  n  rttfiilar  incre*»  or  dec  rem*  in  the  etimulua*  (llie  prolo«4s»tionH  of  the 
ounoK  below  the  tuase  line  are  due  to  the  eiastic  extenekto  of  the  muscle  by  the  weight  dur- 
ing relBuXatioti.) 

Effect  of  Strength  of  Stimulus  upon  the  Simple  Contraction. 

—The  strength  of  electrical  stimuli  can  be  varied  conveniently  and 
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aceurary.  When  the  stimulus  is  of  such  a  streiipjth  as 
topmduce  a  just  visible  contraetion  it  is  spoken  of  as  a  minimal 
Miuius  and  the  resulting  contmction  as  a  minimal  contraction. 
Stimuli  of  less  strengtli  than  the  mhiiiiial  are  designated  as  sub- 
niiiiiuml.  If  one  increases  gratkially  the  intensity  of  the  electrical 
turrpnt  uf?ed  as  a  stimulus  withcmt  altering  its  duration,  beginning 
with  a  stimulus  sufficient  to  cause  a  minimal  contraction,  the  result- 
iflg  contract  ions  increase  proportionally  up  to  a  certain  maximum 
beyond  whieh  further  increase  of  siimiilus^  other  conditions  remain- 
^  the  same,  causes  no  greater  extent  of  shortening.  Contrao- 
^ions  between  the  minimal  and  the  maximal  are  designated  as 
^bmaximal.*      (See  Fig.  9J 

Effect  of  Temperature  upon  the  Simple  Contraction.— Varia- 

^OQs  in  t^roiDerature  afifect  both  the  extent  and  the  duration  of  the 

*^ntraction.    The  relationship  is,  however,  not  a  simple  one  in  the 

^^se  of  the  frog's  muscle  upon  which  it  has  been  studied  most  fre- 

Silently.     If  we  pay  attention  to  the  extent  of  the  contraction  alone 

'^  will  be  found  that  at  a  certain  temj^erature,  0°  C,  or  slightly  below. 


^^l    ^rat 


Tig    111    -<  ur\t»  -liowing  the  effect  of  temperature.     The  temperature-?*  at  which  the 
i  are  iinlicate«i  f»n  the  hguriR.      In  this  f^xfieriment  a  large  resi*- 
I  he  -lertindurv  circuit  sci  !lmt  eb&tif^  in  tbe  reriiMttLuee  of  the 
^■^  couM  not  affect  the  strength  of  The  stimurLL-i. 


loses  its  irritability  entimly.      As  its  temperature  is 

fe^i  i\  given  stimulus,  chosen  of  such  a  strength  as  to  Ijc  maximal 

^'M he  muscle  at  room  tern perat tires,  causes  s^reater  ami  gi-eater 

Qthictions  up  to  a  certain  maximum,  which  is  maclietl  at  al>out 

'toyC.     As  the  temperatui-e  rises  l>eyond  this  point  the  con- 

i^'tions  decrease  somewhat  to  a  minimum  that  is  reached  at  about 

^n  18^  C.      Beyond   this  the  contractions   again  inci^ase  in 

•Pick.    " Untersuchungen    iibf?r    elektnsche    Nervenreiztinjf/'    Braun- 
»»eig,  1^64. 
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extent  to  a  second  maximum  at  about  26^  to  30^  C,  this  maxi- 
mum being  in  some  cases  greater,  and  in  others  less  than  the  first 
maximum.  Beyond  the  second  maximum  the  contractions  again 
decrease  rather  rapidly  as  the  temperature  rises  until  at  a  certain 
temperature,  37®  C,  irritability  is  entirely  lost  (Fig.  10).  If  the  tem- 
perature is  raised  somewhat  beyond  this  latter  point  heat  rigor  makes 
its  appearance,  and  the  muscle  may  be  considered  as  dead.  The  re- 
lationship between  temperature  and  extent  of  contraction,  therefore, 
may  be  expressed  by  a  curve  such  as  is  represented  in  Fig.  11,  in 
which  there  are  two  maxima  and  two  points  at  which  irritability  is 
lost.  The  second  maximum  indicates  a  fact  of  general  physiological  in- 
terest,— ^namely,  that  in  all  of  the  tissues  of  the  body  there  is  a  certain 
high  temperature  at  which  optimum  activity  is  exhibited,  and  if  the 
temperature  is  raised  beyond  this  point  functional  activity  becomes 


%■ 


jt  ji"  ji*  jV  *■ 


T\g.  11. — Curve  to  show  the  effect  of  a 
rif«  of  tempermture  from  0**  C.  to  38^  C.  upon 
the  beifcht  of  contraction  of  f roc's  muBcle. 
The  first  maxim  um  at  0*  C.  the  second  at 
28**  C.  Beyond  38**  C.  the  muscle  lost  it« 
irritability  and  went  into  rifor  mortis. 


Fife.  12.— <^irve  to  show  the  offtel 
of  a  nse  of  temperature  from  5*  G.  to 
39*  C.  upon  the  duratum  of  cootraeUon 
of  frofc'iB  muscle.  The  relative  dura- 
tions at  the  differmt  temperaturaa  are 
represented  by  the  heicfat  ai  the  cor- 
responding orainatee. 


more  and  more  depressed.  The  point  of  optimum  eflfect  is  not  iden- 
tical for  the  different  tissues  of  the  same  animal,  much  less  so  for 
those  of  different  animals,  but  the  fact  may  be  emphasized  that  in 
no  case  do  protoplasmic  tissues  withstand  a  very  high  temperature. 
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, functional  activity  is  lost  usually  at  45°  C.  or  below.  The  duration 
f  the  contraction  shows  usually  in  frogs'  muscles  a  simple  i-elation- 
Tihipto  the  changes  of  teniperature.  At  low  temperatures,  4  or  5^  C,» 
'the coat ractioEL*?  are  enormously  prolonged,  particularly  in  the  phase 
of  relaxation  ;  but  as  the  temperature  is  raised  the  duration  of  the 
contractions  diminishes,  at  first  rapidly,  then  more  slowly,  to  a 
certain  point — about  18°  to  20^  C  beyond  which  it  remains  more  or 
lea  constant  in  spite  of  the  changes  in  extent  of  shortening.  The 
rektionship  between  duration  of  contraction  and  temperature  may 
therefore  be  expressed  by  such  a  cur\'e  as  is  shown  in  Fig.  12,  in 
which  the  heights  of  the  ordinates  represent  the  relative  durations 
of  the  contractions.  Muscles  from  different  frogs  show  considerable 
niinor  variations  in  their  reactions  to  changes  in  temperature,  and 
we  may  suppose  that  these  variations  depend  ^ipon  differences  in 
nutritive  condition.  In  this,  as  in  many  other  respectuS,  the  reac- 
tioGfr  obtained  from  so-caJled  winter  frogs  after  they  have  prepared 
for  hibernation  are  more  regular  and  typical  than  those  obtained 
in  the  spring  or  summer. 

Effect  of  Vcratrm* — The  alkaloid  veratrin  exhibits  a  peculiar 
*n<i  interesting  effect  upon  the  contraction  of  muscle.  A  muscle 
Wten  from  a  veratrinized  animal  and  stimulated  in  the  usual 
^yhy  B,  single  stimulus  gives  a  contraction  such  as  is  exhibited 
mthe  accompanying  curve  (Fig.  13).  Two  pcH^uliarities  are  shown 
by  the  curve:  (1)  The  phase  of  shortening  is  not  altered,  but  the 
pUfle  of  relaxation  is  greatly  prolonged.  (2)  The  curve  shows 
two  summit^s, — that  is,  after  the  first  shortening  there  is  a  brief 
r^lwation  followed  by  a  second,  slower  contraction.  The  cause 
of  this  second  shortening  is  not  knowTi.  Biedemann  has  sug- 
?*8t«l  that  it  is  doe  to  the  presence  in  the  muscle  of  the  two  kinds 
of  fibers — red  and  pale— which  were  spoken  of  on  p.  26,  and  that 


Rg.  13.— Curve  showing  the  effect  of  veratrin* 

veratrin  dissociates  their  action,  but  this  explanation,  ac- 
to  Carvallo  and  Weiss,*  is  disproved  by  the  fact  that 
cles  composed  entirely  of  white  or  red  fibers  show  a  similar 
dt  from  the  action  of  veratrin.     It  w^ould  seem  more  probable, 

•  "Joumi&l  de  b  physiol.  et  de  la  path.  g(-n<^nile/'  1899. 
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thtTefore^  that  two  different  contraction  processes  are  initiated  by 
the  stimulus,  one  much  more  rapid  than  the  other.  Many  other 
facts  In  physiologA'  speiik  for  this  jrencral  view  that  a  muscle  may, 
ftceonUniJj  to  conditions,  j^ive  either  a  quick  contraction  (twitch > 
or  a  more  slowly  developing  contraction,  with  a  prolonged  phaise  of 
relaxation  (tone  contraction).  This  latter  feature  constitutes  the 
characteristic  peculiarity  of  the  curve  of  a  veratrin  contraction. 
A  somewhat  similar  effect  is  produced  l>y  the  action  of  glycerin, 
nicotine,  etc.  We  liave  in  such  syljstances  reagents  that  affect 
one  phiLse  of  the  contraction  process  without  materially  influenc- 
ing the  other.  A*s  regards  the  veratrin  effect,  it  becomes  less  and 
less  marked  if  the  muscle  is  made  to  give  repeated  contractions, 
but  reappears  after  a  suitable  period  of  rest.  The  pe<njliar  action 
of  the  veratrin  is.  therefore,  antagonized  seemingly  by  the  chemical 
products  formed  during  contraction. 

Contracture. — The  prolongtHl  relaxation  that  is  so  character- 
istic of  the  vcratrimzed  muscles  may  be  observe<l  in  frog's  muscle 
umier  other  circumstances,  and  is  described  usually  as  a  con- 
dition of  contracture.  By  contracture  we  mean  a  state  of  main- 
tainetl  contraction  or,  looking  at  it  from  the  other  point  of  \iew, 
a  state  of  retarded  relaxation. 


This  condition  l*^  often  pxhibiiod  in  a  most  interacting  way  when  a  musci 
is  rcjM^Htrtlly  stiinubteil  In  sonic  va^th*^  it  rfpvelop  at  the  bedifminu  of 
soric^tiof  <Hmtniction8,  tus  ij*  rerre^enip^l  in  Fig,  14,  which  pictures  the  phenoine* 
non  i%ii  it  vvtws  first  dcj<crib(ML*  In  other  ea*<t*»  it  ii]>i>ear.s  later  on  ia  the  curve, 
j>nve<]ing  or  following  the  devekipment  of  the  ntate  of  fatigue.  Whenever 
It  occurs  the  effect  is  to  hi>kl  the  niUi*eIe  in  n  state  of  maintained  contraction  or 
tone,  on  which  i^  supc>rp<>«Hl  the  .s*»rics  of  quick  contractions  and  retaxiitions 
due  to  the  separate  stimuli.  When  the  condition  develops  earlj'  in  the  func- 
tional acti\ity  of  tlie  miisclc  (Fig.  I4i  further  acti\'ity  ujsually  cause*  it  to  dis- 
ftppear^  atui  the  condition  of  the  iiHtscle  as  a  mechanism  for  prompt  short  Piling 
and  rehixation  is  im|>rov<xL  We  have  in  this  fact  appartmtiy  an  indication 
of  one  way  m  which  the  ■"warming  up"  exercise  befvire  athletic  conti:^t,'4  may  be 
of  value.  When  the  contraction  appejirs  late  in  the  scenes  of  contract iorii* 
it  b  usually  p<^rmanent»  that  i»  to  say.  it  wears  off  only  a.^  the  muscle  relaxes 
slowly  from  fatigue.  Towani  the  end  of  tsuch  a  series  the  muscle*  is  often 
practieaUy  in  a  state  of  continuous  contraction,  a  comriition  which  would 
nullify  it^  ordinary  Ui*e  in  locomotior*.  It  seems  possible  that  certain  eon- 
ditioHM  of  tonic  spasm  or  onuntus  which  iKvur  during  life  may  involve  this 
ppt>ce&*,  for  example,  the  temix^rary  cramp  that  sometimes  attacks  a  player 
m  athletic  game:^,  or  the  curious*  spasmmiic  condition  known  a*  intennittent 
claudication,  in  which  the  muscles  on  exercirie  are  thrown  into  a  state  of 
tonic  contraction.  From  the  physiological  standfxiint  the  phenomenon  of 
<Hmtractur(*  when  compannl  with  that  of  the  simple  contraction  indicates  the 
|>06s«ihtlity  that  two  different  ixintraction  processes?  may  take  place  in  muscle, 
one  invoKing  the  state  of  tone  and,  therefore,  the  length  niid  hardness  of 
the  niuseliN  the  other  contrtjlling  the  movements  pn>|XT.  Thb  suggestion 
hs^  bet^n  made  by  a  number  of  authorst  on  various  grounds.     It  has  been  sug- 

•Tieget  ••Pftilgers  Arcbiv  fUr  die  gesammte  Phvsiolo|:ie,**  etc.»  13,  71, 
1876. 

t  Si^  c*i:Hcially  IVxkQll.  "Zentralbhut  f.  PhN-siologie,"  19CI8»  22,  33;  i 
Guenther,  '*Anierican  Jouraai  of  Physiolo©,**  1905,  U,  73. 
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tained  nontraction  ahowD  in  contracture.  This  latt<*r  point  of  \n<?w  is  sup- 
ported by  tlie  work  <jf  Hillj  refprrtNd  to  below,  which  shows  thai  durinit  eott- 
tTHcture  there  \s  a  constant  production  of  heat— -that,  is  to  say,  the  condition 
is  one  really  of  maintained  or  eontiimous  contraction,  and  not  simply  a  c^^ " 
a  retardation  of  the  physical  processes  of  relaxation. 


Fig.  15. — Effect  of  repeated  etinmlation ;  complete  curvc^  whowiag  late  oontrseturaw 
Tbe  iniirtcle  was  utimulated  by  iniluction  shocks  at  the  rate  of  50  per  minuta,  Tlae  mpat*tm 
eoalmctionA  arc  bo  done  tof^pther  that  they  can  not  be  distinguLshcd. 


Fig.  16. — Effect  <*frfV'  '■  ;  •  i" nl.Kir.n.  mrve  shawing  no  <!*ontr*cttireorvery  Uttl*. 
The  muscle  was  atimuLat^d  by  iudueOuti  ^liockji  at  the  rale  of  50  per  minute.  A  very 
BLisbt  contracture  is  shown  in  the  beirinninff,  but  erubjM>9ij«>ntly  the  contractioes  show 
only  &  diminiflbed  extent^  the  rate  of  relaxatioo  rem&inins  apparetitly  imctuLQcedL 

The  Effect  of  Rapidly  Repeated  Contractions-^WTien  a 
muscle  is  stimulatcni  rp})eatetlly  by  stimuli  of  equal  strcngtlt  that 
fall  into  the  muscle  at  equal  intcn'als  the  contractions  show  certain 
features  that,  in  a  general  way,  are  coastunt^  although  the  precise 
degree  in  which  they  are  exhibited  varies  curiously  in  different 
animals.  Such  curves  are  exhibited  in  Figs,  14,  15,  and  16,  and 
the  features  worthy  of  note  may  be  specified  briefly  as  follows; 
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1.  The  Introductory  Contractions. — The  first  three  or  four  con- 
tractions decrease  slightly  in  extent,  showing  that  the  muscle  at 
first  loses  a  little  in  irritability  on  account  of  previous  contractions. 
This  phenomenon  is  frequently  absent. 

2.  The  Staircase  or  "  Treppe,"— Alter  the  first  slight  fall  in 
height  has  passed  off  the  contractions  increase  in  extent  with  great 
regularity  and  often  for  a  surprisingly  large  number  of  contractions. 
TUs  gradual  increase  in  extent  of  shortening,  with  a  constant 
stimulus,  was  first  noticed  by  Bowditch  upon  the  heart  muscle, 
and  was  by  him  named  the  phenomenon  of  "treppe,"  the 
German  word  for  staircase.  It  indicates  that  the  effect  of  activity 
is  in  the  beginning  beneficial  to  the  muscle  in  that  its  irritability 
steadily  increases,  and  the  fact  that  the  same  result  has  been  ob- 
tamed  from  heart  muscle,  plain  muscle,  and  nerve  fibers  indicates 
that  it  may  be  a  general  physiological  law  that  fimctional  activity 
leads  at  first  to  a  heightened  irritability.  According  to  Lee,* 
the  "treppe ''  in  muscle  is  due  to  an  initial  increase  of  irritability 
set  up  by  the  chemical  products  formed  during  contraction. 

3.  Contraetvre. — ^This  phenomenon  of  maintained  contraction 
has  been  described  above.  In  frogs'  muscles  stimulated  repeat- 
^y  it  makes  its  appearance,  as  a  rule,  sooner  or  later  in  the 
series  of  ccmtractions;  but  there  is  a  curious  amount  of  variation 
in  the  muscles  of  different  individuals  in  this  respect. 

4.  Fatigue. — After  the  period  of  the  **  treppe  '^  has  passed,  the 
contractions  diminish  steadily  in  height,  until  at  last  the  muscle 
fails  entirely  to  respond  to  the  stimulus.  This  progressive  loss  of 
irritability  in  the  muscle  caused  by  repeated  activity  is  designated 
as  fatigue.  It  will  be  considered  more  in  detail  under  the  head  of 
Compound  Muscular  Contractions  and  in  Chapter  II.  The 
curve  obtained  in  an  experiment  of  this  kind  illustrates  in  a 
striking  way  one  of  the  general  characteristics  of  living  matter, 
namely,  that  every  effective  stimulus  applied  to  it  leaves  a  record, 
so  to  speak.  The  muscle  in  this  case  is  in  a  changed  condition 
after  each  stimulus,  as  is  indicated  by  the  difference  in  its  re- 
sponse to  the  succeeding  stimulus.  While  it  cannot  be  said  that 
a  similar  effect  has  been  shown  in  all  tissues,  still  the  evidence  in 
general  points  that  way,  and  some  of  the  complicated  phenomena 
exhibited  by  living  matter,  such  as  memory,  habits,  immunity, 
etc.,  are  referable  in  the  long  run  to  this  underlying  peculiarity. 

Ue  has  discovered  the  interesting  fact  that  whUe  in  frog's  muscle,  as  a 
™,  fatigue  is  accompanied  by  a  prolongation  of  the  curve,  especially  of  the 
phaBe  of  relaxation,  this  does  not  hold  for  mammalian  muscle.  In  the  latter 
muscle  the  successive  contractions  become  smaller  as  fatigue  sets  in,  but  their 
duration  is  not  inci*ea8ed. 

*  See  ''American  Journal  of  Physiology,"  1907,  18,  267. 


36         THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE. 

The  Contraction  Wave.^^Under  ordinary  conditions  the  fiber 
of  a  muscle  when  .stimulated  contract  simultaneously  or  nearly  sc 
and  the  whole  extent  of  the  muscle  Is  practically  in  the  same  phaa 
of  cont  raft  ion  at  a  ^ven  iiiKtaiit.  It  is  comparatively  easy  t 
show,  however,  that  the  process  of  contraction  spreads  over  th 
fillers,  from  the  point  stimulated,  in  the  form  of  a  wave  which  move 
with  a  definite  velocity.  In  a  long  muscle  with  parallel  buntlles  c 
fibers  one  may  prove,  1*3^  proper  recording  apparatus,  that  if  th 
muscle  is  stimulated  at  one  end  a  point  near  this  end  enters  int' 
contraction  before  a  point  farther  off.  Knowing  the  difference  i] 
time  betw^een  the  appearance  of  the  contraction  at  the  two  point 
and  the  distance  apart  of  the  latter,  we  have  the  data  for  determin 
ing  the  velocity  of  its  propagation.  In  frog's  muscles  this  velocity 
is  found  to  be  ecjual  to  3  or  4  meters  per  secood,  while  in  Inimai 
muscle,  at  the  bo*iy  temperature,  it  is  estimated  at  10  to  13  meter 
per  second.  Knowing  the  time  it  takes  this  wave  to  pass  a  givei 
point  id)  and  its  velocity  (i),  its  entire  length  is  given  by  thi 
formula  i  =  !wf.  In  the  frog's  muscle,  therefore,  with  a  velocity  o 
3000  mm.  f>er  second,  and  a  *luration  of,  say,  0.1  second,  tb 
product  (3000X0.1  =300  mms.3  gives  the  length  of  the  wave  o 
the  length  of  muscle  which  is  in  some  phase  of  contraction  at  an; 
given  instant.  Under  nornml  conditions  tlie  muscle  libers  an 
stimulated  through  their  motor  plates,  which  are  situated  towan 
the  middle  of  the  fiber,  or  perhaps  one  muscle  fiber  may  havt 
two  or  more  motor  plates,  giving  two  or  more  points  of  stimula 
tion.  It  follows,  therefore,  from  this  anatomical  arrangemen 
and  the  great  velocity  of  the  wave  that  all  parts  of  the  fiber 
are  in  contraction  at  the  same  instant  and,  indeed,  in  nearly  th 
same  phase  of  contraction.  Under  abnormal  conditions  muscle 
nuiy  exhibit  fil>rillar  contractions;  that  is,  separate  fibers  or  bundle 
of  fi l)ers  contract  aufl  relax  at  different  times,  giving  a  flickering 
trembling  movement  to  the  muscle. 

Idiomuscular  Contractioos-^In  a  fatigued  or  moribund  mu^le  mechaii 
ical  stimulation  may  give  a  localised  contraction  which  does*  not  spread  o 
spreads  very  slowly,  ghowirig  that  the  abnormal  changes  in  the  mu^scle  preven 
tW  excitation  from  traveling  at  Ha  normal  velocity.  A  locahzed  contractio 
of  this  kind  was  dewignatcMi  by  SchifF  as  an  idiomuscuiar  contraction.  It  ma 
be  protluced  in  tbe  muHcle  of  :i  <lyin^  or  rpei*tiily  iload  animal  by  loealizet 
mecliaaical  stimulation,  us  by  drawing  a  blunt  instrument — r.  g.,  the  handl' 
of  a  »cal[x.4  — acrusjs  tlie  belly  of  the  miiiicle.  The  jwint  thus  slimulatett  stand 
out  as  a  wheal,  owing  to  tKe  idionniBcular  contraction. 

The  Energy  Liberated  in  the  Contraction.— When  a  muscl 

contracts,  energy^  is,  as  we  say,  liberated  in  se^'eral  forms,  an< 
can  l>e  measured  qimiititatively.  First  there  is  a  produetion  o 
heat,  which  h  indicated  by  a  rl^  in  tcmj>eratiiro  of  the  muscle 
According  to    Heidenhaio,  the  temfjerature  of  the  frog's  muscl 
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is  increased  in  a  single  contraction  by  0.001''  C.  to  O.OOS"*  C.  Larger 
muscles,  such  as  those  of  the  thigh  of  the  dog,  when  repeatedly 
stimulated  may  cause  a  rise  of  temperature  of  from  1®  to  2®  C. 
The  themiometer  does  not,  of  course,  measure  the  amount  of  heat 
produced,  but  only  the  temperature  of  the  muscle.  Heat  is  esti- 
mated quantitatively  in  terms  of  calories.  By  a  calorie  is  meant 
the  quantity  of  heat  necessary  to  raise  1  gm.  of  water  1®  C. 
Knowing  the  specific  heat  and  weight  of  muscle,  we  can  readily 
calculate  the  number  of  calories  produced.  Thus,  if  a  frog's 
muscle  weighing  2  gms.  shows  a  rise  of  temperature  of  0.005®  C. 
from  a  single  contraction  the  production  of  heat  in  calories  is  given 
by  multiplying  the  weight  of  the  muscle  by  its  specific  heat, 
0.83,  to  reduce  it  to  an  equivalent  weight  of  water,  and  this 
product  by  the  rise  in  temperature:  2  X  0.83  X  0.005  =  0.0083 
cabrie.  The  fact  that  muscular  exercise  increases  the  produc- 
tion of  heat  in  the  body  is  a  matter  of  general  observation.  Making 
me  of  a  very  sensitive  thermo-couple.  Hill*  has  been  able  to 
register  the  production  of  heat  in  an  excised  frog's  muscle.  In  the 
case  of  a  simple  contraction  or  twitch,  the  production  of  the  heat 
is  practically  instantaneous,  indicating  an  underlying  chemical 
change  of  explosive  suddenness.  When  the  contraction  is  pro- 
longed, as  in  the  case  of  **  contracture,"  or  conditions  of  "  tone," 
there  is  a  correspondingly  slow  production  of  heat,  which  must 
be  referred  to  chemical  changes  of  a  more  deliberate  character. 
Second.  Some  electrical  energy  is  developed  during  the  contrac- 
tion. The  means  of  detecting  and  measuring  this  energy  will  be 
described  in  a  subt^equent  chapter.  Considered  quantitatively, 
the  amount  is  small.  Third.  Work  is  done  if  the  muscle  is  al- 
lowed to  shorten  during  the  contraction.  By  work  is  meant 
external  or  useful  work — that  is,  the  muscle  lifts  a  weight  or  over- 
comes an  opposing  resistance.  If  a  muscle  contracts  against  a 
^ight  too  heavy  to  be  lifted,  or  a  resistance  too  strong  to  be  over- 
come, it  does  no  external  work,  although,  of  course,  much  energy 
is  liberated  as  heat  or,  as  it  is  sometimes  called,  internal  work. 
The  work  done  by  a  muscle  during  contraction  is  measured  in  the 
'Mual  mechanical  units,  by  the  product  of  the  load  into  the  lift. 
That  is,  if  a  muscle  lifts  a  weight  of  40  grams  to  a  height  of  10 
millimeters,  the  work  done  is  40  X  10  =  400  gram-millimeters,  or 
P'^  grammeter.  We  can  in  calculations  convert  external  work 
wto  heat  or  internal  work  by  making  use  of  the  ascertained 
mechanical  equivalent  of  heat,  according  to  which  1  calorie  = 
426.5  grammeters  of  work.  The  work,  0.4  grammeter,  supposed 
to  be  done  in  the  above  experiment,  would  be  equivalent,  there- 
fore, to  0.4  -J-  426,  or  about  0.001  of  a  calorie. 

♦  Hill,  "Journal  of  Physiolog>%"  40,  389,  1910. 
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The  Proportion  of  the  Total  Energy  Liberated  that  ma^^ 
be  Utilized  in  Work.— All  of  the  energ>^  lilxirated  in  the  muscle 
has  its  origin  in  the  cheniieal  changes  that  follow  upon  stimulation—. 
We  assume  that  these  changes  are  such  that  complex  molecules^ 
are  broken  down,  with  the  formation  of  simpler  ones,  and   that 
some  of  the  so-called  cliemical  or  internal  energ;}^  that  hold^  togethc 
the  atoms  in  the  complex  molecule  is  liberated  anil  takes  the  thr 
forms  descrited   above.     The   chemical  changes  occurring  in   the 
muscle  during  contraction  are  complex  and  not  entirely  understood. 
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but  the  significant  ones  from  our  present  standpoint  are  oxidationa« 
which  destroy  some  of  the  mat-erial  in  the  iimsclc.  with  the  fornia-^ 
tion  of  carbon  dioxid  and  water  and  the  hteration  of  heat.     It  is 
a  matter  of  interest  to  ascertain  the  proportion  of  the  total  chemi- 
cal energy  which  may  l>e  converted  into  useful  work  and  the 
conditions  under  wdiich  the  optimum  amount  of  work  may  be 
reaUzed.     Regarded  from  this  stantipoint,   tlie  muscle  may  be 
considered  as  a  piece  of  machinery  comparable,  let  us  say,  to  a  gas 
engine.     In  the  latter  the  heat  genei^ated  b}-  the  explosive  chemical 
change  is  converted  partially  into  external  work  by  a  properly  ■ 
adapted  mechanism— and  in  a  well-constructed  engine  as  much 
as  15  to  25  per  cent-  of  the  total  energ\^  may  l>e  obtained  as  work. 
In  the  muscle  there  is  also  a  mechanism  of  some  kind,  not  as  yet 
understood,  by  means  of  which  a  part  of  the  energ}'   liberated 
may  be  converted  into  work.     Experiments  made  by  Fick  with 
frogs'   muscles  inchcate  that   the  proportion  of  the  total   energy 
whicli  under  optimiun  conditions  nmy  be  utilized  as  work  is,  in 
round  munliei^s,  from  25  to  30  per  cent.     Chauveau**  in  experiments 
made  upon  the  elevator  of  the  upper  lip  in  the  hoi-se,  found  a  pro- 
portion of  only  12  to  15  per  cent.     The  last  obser%*er  points  out 
that  this  proportion  must  vury  greatly  for  different  muscles  and 
for  muscles  in  different  animals,  while  for  the  same  muscle  it  w^ill 
vary  with  the  extent  and  duration  of  the  contractions  and  other 
conditions.     From  experiments  made  upon  dogs  in  which  a  me-as- 
ured  tunount  of  work  was  done  and  in  which  the  energy  changps 
were   estimated    from    the    oxygen    absorl>ed   and   carlx>n   dioxid 
eliminate<l.  Zuntz  f  calculates  that  somewhat  more  than  J  of  the 
total  chemical  energy  lil>erated  in  the  muscles  may  l^e  apphed  to  ■ 
external  work,  the  other  jj  taking  the  form  of  heat.     Similar  ex-  " 
perimcT^s  made  by  the  same  oliserver  i  upon  men  have  indicated 
tfuit   the  muscles   work   most   economically   in    lifting  the  weight 
of  the  lK)dy,  as  in  mountam-c limbing.     In  this  form  of  muscular 
work  he  estimates  that  from  35  to  40  per  cent,  of  the  energy 
yielded  by  the  uuiterial  oxidized  in  the  body  may  take  the  form 

•  ChanvwiU,  *^  L<'  travail  musctiliiire,  ele./'  PariSp  18?>1. 

t  ZunlK,  "Archiv  f.  d.  Resiimmte  PhysioloKie/'  ftH,  191,  lfifi7. 

X  Ziintz  and  Scbumberg,  *' Physiologie  des  Marsches/'  Berlin,  1901. 
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of  external  work.  When  the  muscular  work  performed  was  effected 
by  the  muscles  of  the  arms  and  upper  part  of  the  body,  as  in  turning 
»  wheel,  a  smaller  yield  (25  per  cent.)  was  obtained.  It  appears 
from  these  figures  that  the  muscular  machine  is  an  especially 
efficient  one  as  regards  the  amount  of  external  work  that  can  be 
obtained  from  the  oxidation  of  a  given  amount  of  material,  and 
Zuntz  has  shown,  in  the  work  previously  referred  to,  that  this 
efficiency  may  be  increased  by  training;  that  is,  by  the  repeated 
use  of  a  group  of  muscles  a  more  economical  application  may  be 
made  of  the  Uberated  energy  in  the  performance  of  work. 

The  Curve  of  Work  and  the  Absolute  Power  of  a  Muscle. — 
The  statements  in  the  preceding  paragraph  prove  that  the  muscle, 
judged  from  the  standpoint  of  a  machine  to  do  work,  compares  most 
favorably  in  its  efiBciency  with  machinery  of  human  construction. 
But  it  should  be  borne  in  mind  that  in  this  as  in  other  respects  the 
properties  of  cross-striated  muscular  tissues  vary  greatly.  In  some 
animals  or  individuals  it  is  a  much  more  efficient  machine  than  in 
others.  This  fact  is  indicated  by  our  general  experience  regarding 
variations  in  muscular  strength  in  different  individuals,  and  is 
proved  more  precisely  by  direct  experiments  on  single  muscles.  A 
frog's  muscle  may  be  isolated  and  the  extent  of  its  contractions  and 
the  work  done  may  be  estimated  directly.  Under  such  conditions  it 
will  be  found  that,  while  the  height  of  the  successive  contractions 
diminishes  as  the  load  increases  (see  Fjg.  17),  the  work  done — that 
is,  the  product  of  the  load  into  the  lift — first  increases  and  then 
decreases.    For  example: 

Work  Done  in  Oram-miUimeten, 
Load  in  Oram*,  Lift  in  MillimeUr;  Load  X  LifU 

5  27.6  138.0 

15  25.1  376.5 

25  11.45  286.25 

35  6.3  220.5 

A  series  of  experiments  of  this  kind  furnishes  data  for  con- 
structing a  curve  of  work  by  plotting  off  along  the  abscissa  at  equal 
intervals  the  equal  increments  in  load  and  erecting  over  each  load 
an  ordinate  showing  the  proportional  amount  of  work  done.  The 
curve  has  the  general  form  indicated  in  Fig.  18.  Three  facts  are 
expressed  by  this  curve:  First,  that  if  the  muscle  lifts  no  weight 
no  work  will  be  done;  this  follows  theoretically  from  the  formula 
H^=L/f,  in  which  W  represents  the  work  done,  L  the  load,  and 
flthe  lift.  If  either  L  or  H  is  equal  to  zero  the  product,  of  course, 
is  zero;  that  is,  no  external  work  is  done;  the  chemical  energy 
liberated  in  the  contraction  takes  the  form  of  heat.  Second. 
There  is  an  optimiun  load  for  each  muscle  with  which  the  greatest 
proportion  of  work  can  be  obtained.  Third.  When  the  load  is  just 
sufiBcient  to  counteract  the  contraction  of  the  muscle  no  work  is 
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hand,  cannot  cause  any  extension  of  the  muscle  while  contracting. 
Or,  in  more  general  terms  (Hermann),  the  absolute  power  of  a 
muscle  is  the  maximum  of  tension  which  it  can  reach  without 
alteration  of  its  natural  length.  This  absolute  power  can  be 
measured  for  the  muscles  of  different  animals  and  for  convenience 
of  comparison  can  then  be  expressed  in  terms  of  the  cross-area 
of  the  muscle  given  in  square  centimeters.  Weber  has  shown 
that  the  absolute  power  of  a  muscle  varies  with  the  cross-area,  since 
this  depends  upon  the  number  of  constituent  fibers  whose  united 
contraction  makes  the  contraction  of  the  muscle.  Expressed  in 
this  way,  it  is  foimd  that  the  absolute  power  of  human  muscle  is, 
size  for  size,  much  greater  than  that  of  frog's  muscle.  For  in- 
stance, the  absolute  power  of  a  frog's  muscle  of  1  square  centimeter 
CTOss-area  is  estimated  at  from  0.7  kilogram  to  3  kilograms,  while 
that  of  a  human  muscle  of  the  same  size  is  estimated  by  Hermann 
at  6i4  kilograms.  Taken  as  a  whole,  the  human  muscle  is  a  better 
niachine  for  work,  but  it  seems  possible,  although  exact  figures  are 
lacking,  that  the  absolute  power  of  the  muscles  of  some  insects 
^koned  for  the  same  unit  of  cross-area  would  be  much  greater 
than  in  human  muscle. 

OOHPOUND  CR  TETANIC  CX^TRACTIONS. 

Definition  of  Tetanus  — ^When  a  muscle  receives  a  series  of 
9fiSfy  repeated  stimuli  it  remains  in  a  condition  of  contraction  as 
kqias  Hie  stimuli  are  sent  in  or  until  it  loses  its  irritability  from 
At  eSeet  of  fatigue.  A  contraction  of  this  character  is  described 
titft  eompoond  contraction  or  tetanus.  If  the  stimuli  follow  each 
oIlMrwifJi  sufficient  rapidity  the  muscle  shows  no  external  sign  of 
nktttkm  in  the  intervals  between  stimuli,  and  if  its  contractions 
Mieeorded  upon  a  kymographion  by  means  of  an  attached  lever 
i  carve  is  obtained  such  as  is  shown  at  5  in  Fig.  19.  A  con- 
tOMtioa  of  this  character  is  described  as  a  complete  tetanus.  If, 
hoiever,  the  rate  of  stimulation  is  not  sufficiently  rapid  the  mus- 
<b  wiD  relax  more  or  less  after  each  stimulus  and  its  recorded 
rai^i  therrfore,  will  present  the  appearance  shown  in  1,  2,  3,  and 
4cf  F%.  19.  A  tetanus  of  this  character  is  described  as  an  incom- 
plato  tetanus.  It  is  obvious  that  according  to  the  rate  of  stimu- 
MoQ  there  may  be  numerous  degrees  of  incomplete  tetanus,  as 
•hown  in  Fig.  19,  extending  from  a  series  of  separate  single  con- 
^fwtions,  on  the  one  hand,  to  a  perfect  fusion  of  the  contractions, 
a  complete  tetanus,  on  the  other.  Tetanic  contractions  present 
two  peculiarities  in  addition  to  the  mere  matter  of  duration, 
which  is  governed,  of  course,  by  the  duration  of  the  stimu- 
lation: First,  the  more  or  less  complete  fusion  of  the  contrac- 
tions due  to  the  separate  stimuli.    This,  as  stated  above,  is  the 


distinctive  sign  of  a  tetanus.     Second,  the  phenomenon  of 
mation  in  conseciuence  of  which  the  total  shortening  of  the  mui 


Tig.   to. — Amdysia  of  («tanu».      Experiment  m&de  upon  th«  goj^trocrkflmhts  mtmclec 
froft*o  show  !Ka.t  hy  inpreaHlni;  the  rmte  of  slimulatioa  the  eon traet ions,  ftt  first  aepM- 

{1 ),  fti."e  more  hnd  moi«  t hmiieh  a.  Neries of  inoomptete  (et»ni  (2,  'S,  4)  into  »  eomplele  tetai 
5)  in  which  there  ia  no  indbatioti,  ao  fmraatlui  record  co6»,  of  a  sepftnite  ttttet  for#i 
•tUDulus. 

in  tetaniLs  may  be  cofisiderabl)^  greater  than  that  caused  by  a  ma: 
mal  simple  contraf^tinn. 

Summation*— The  facts  of  summation  may  be  shoij^^  most  rea 
ily  by  employing  a  device  to  send  into  the  muscle  two  succeesi 
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stimuli  at  varying  intervals.  If  the  second  stimulus  falls  into  tht^ 
muscle  at  the  apex  of  the  contraction  eau.sed  l>y  the  first  stimulus, 
then, even  if  the  first  contraction  is  maximal,  the  muscle  will  shorten 
still  farther;  the  first  and  second  contractions  are  summated,  giv- 
ling  a  t<TtaI  shortening  greater  than  can  be  obtained  by  a  single  sMm- 
\i^  Fig.  20).  The  extent  of  the  summation  in  such  cases 
I  with  a  number  of  condit  ioas,  such  as  the  inter\^ab  between  the 
ij  the  relative  strengths  of  the  stinuili,  the  load  carried  bj'  the 
p,  etc.  Taking  the  simplest  conditions  of  a  moderately  loaded 
^Usde  and  two  maximal  stimuli,  it  is  found  that  the  greatest  sum- 
*"  itioD  occurs  when  the  stimuli  are  so  spacetl  that  the  second  contrac- 
in  begins  at  t he  apex  of  the  first .  If  the  st imuli  are  closer  together, 
Ihat,  for  instance,  the  second  contraction  follows  shortly  after 
^*^e  first  has  begun,  the  total  shortening  is  less,  and  the  same  is 
'^^e  to  an  increasing  extent  as  the  second  contraction  falls  later 
^^d  later  in  the  period  of  relaxation  after  the  first  contraction.*    If 


Fi^  iO. — BummaltoQ  of  two  succe^' 
turn  dw  to  *  tfUigte  «£ixi}uliis,  ttie  tateni 
i*mim,    Canne  2  obowi  the  auinmatic 


8ucc«siivc  contrftctions*     Curve  1  ahowa  a  tdniple  €i>a- 

Bdw  to  *  «Ul^  «£ixi}uliis.  t\vt  latent  period  betnfc  inciJcated  at  the  heipnninic  of  tbe 
km,     Cttnne  2  obowi  the  auinmation  du«  to  two  suooeedins  eitUriuti. 
d  of  t^^  we  use  three  successive  stimuli,  fuHing  into  the  muscle 
ip<^r  inter\^als,  a  still  further  summation  occurs.     In  this  way 
lal  extent  of  shortening  in  a  muscle  completely  tetanized  may 
eral  times  as  great  as  that  of  a  single  maximal  contraction, 
-je  Discontinuous  Character  of  the  Tetanic  Contraction 
^The  Muscle-tone.--In  complete  tetanus  the  muscle  seems  to 
a  condition   of   continuous   uniform   contraction:   the   re- 
curve shows  no  sign  of  relaxation  between  stinudi  and  no 
d  indication,  in  fact,  that  the  separate  stimuli  do  moa^  than 
titain  a  state  of  uniform  contraction.     It  can  lie  shown,  how- 
♦  Von  Krics,  **Archiv  fur  PhyBioIogie/'  1888,  p,  537, 
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ever,  that  in  reality  each  stimulus  has  its  own  effect,  and  that  thc^ 
chemical  changes  underlying  the  phenomenon  of  contraction, 
form  an  interrupted  series  corresponding,  within  limits,  to  the' 
series  of  stimuli  sent  in.  The  clearest  proof  for  this  belief 
is  found  in  the  electrical  changes  that  result  from  each  stimulus, 
and  the  facts  relating  to  this  side  of  the  rjuestion  will  be  stated 
subsequently  in  the  chapter  on  The  Electrical  Phenomena 
af  Muscle  and  Nerve,  Another  proof  is  found  in  tlie  phenome*J 
^non  of  the  muscle-tone.  When  a  muscle  is  stimulated  ilirectly^ 
or  through  its  motor  nerve  a  musical  note  may  be  heard  by 
applying  the  ear  or  a  stethoscope  to  the  muscle.  The  note  that 
is  heard  corret>{XJiids  in  pitch,  up  to  a  certain  point,  with  the  num- 
ber of  stimuli  sent  in,— that  is^  the  muscle  vibrates,  as  it  were,  in 
unison  ^ath  the  number  of  stimuli,  and,  although  the  vibrations 
are  not  sufficient  to  affect  the  recording  lever,  they  can  be  heard 
as  a  musical  note.  This  fact,  therefore^  may  be  taken  a.s  a  proof 
that  during  complete  tetanus  there  is  a  discontinuous  series  of 
changes  in  the  muscle  tlie  rate  of  which  corresponds  with  that  of  the 
stimulal  ion .  The  series  of  electrical  changes  corresixjnding  with  the 
series  of  stimuli  sent  in  may  be  made  audible  by  appl>ing  a  telephone 
to  the  muscle.  Making  use  of  this  method,  Wedenski*  has  shown 
that  the  ability  of  the  muscle  to  respond  LsorhythmicaUy  to  the 
rate  of  stimulation  is  limited-  In  frog's  muscle  the  pitch  of  the 
musical  tone  nuiv  correspond  with  the  rate  of  stimulation  up  to 
about  200  stimuli  per  second.  In  the  muscle  of  the  warm-blooded 
animal  tlie  corresiHiiidcnce  may  extenti  to  about  KKXJ  stimuli  jx^r 
second.  If  the  rate  of  stimulation  is  increased  beyond  these 
limits  the  musical  note  heard  does  not  correspond ^  but  falls 
to  a  lower  pitch,  indicating  that  some  of  the  stimuli  under  these 
con^^litions  l>e€om:^  inelTecrive.  It  should  be  added  that  the  high 
figures  gi%^en  above  for  the  correspondence  between  the  stimidi  and 
the  muscle-tone  hold  good  only  for  entirely  fresh  preparations. 
The  lability  of  the  muscle  quickly  becomes  less  as  it  is  fatigued:  so 
that  in  the  frog^  for  instance,  the  corresixmdcnce  in  long-continued 
contractions  is  accumte  only  when  the  rate  of  stimulation  does 
not  exceed  30  i>er  second. 

The  Number  of  Stimuli  Necessary  for  Complete  Tetanus, — 
The  numl)cr  of  stimuli  ncccK^ar}-  to  firrHhice  complete  tetanus 
varies,  as  we  should  expect,  willi  the  kind  of  muscle  used  and  in 
accordance  with  the  rai>idity  of  the  procei^ss  of  relaxation  shown 
by  these  muscles  in  simple  contractions.  The  series  that  may  be 
arranged  to  demonstrate  this  variation  is  quite  large,  extending 
from  a  supposed  rate  of  300  per  secontl  for  insect  muscle  to  a  low 

*  W'tMloriski,  "  Du  rhvthme  muaculaire  dans  Ja  contraction  normale," 
'  Arrhivea  de  phy.^iologie,'^  1891,  p,  58. 
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limit  of  one  stimulus  in  5  to  7  seconds  for  plain  muscle.  The  frog's 
muscle  goes  into  complete  tetanus  with  a  rate  of  stimulation  of 
from  20  to  30  per  second.  Inasmuch  as  the  rapidity  of  relaxation 
of  the  muscle  is  much  retarded  by  certain  influences,  such  as  a 
low  temperature  or  fatigue,  it  follows  that  these  same  influences 
affect  in  a  corresponding  way  the  rate  of  stimulation  necessary  to 
give  complete  tetanus.  A  frog's  muscle  stimulated  at  the  rate  of 
10  stimuli  per  second  may  record  an  incomplete  tetanus,  but  if  the 
stimulus  is  maintained  for  some  time  the  tetanus  finally  becomes 
complete  in  consequence  of  the  slowing  of  the  phase  of  relaxation, 
or,  what  is  probably  the  truer  v/ay  of  looking  at  the  matter,  in 
consequence  of  the  development  of  that  condition  of  maintained 
contraction  which  has  been  spoken  of  above  as  contracture. 

Voluntary  Contractions. — After  ascertaining  that  muscles  may 
give  either  simple  or  tetanic  contractions  one  asks  naturally 
whether  in  our  voluntary  movements  we  can  also  obtain  both 
sorts  of  contractions.  In  the  first  place,  it  is  obvious  that  most 
of  our  voluntary  movements  are  too  long  continued  to  be  simple 
contractions.  The  time  element  alone  would  place  them  in  the 
group  of  tetanic  contractions,  and  this  is  the  usual  conclusion 
regarding  them.  In  voluntary  movements  a  neuromuscular 
mechanism  comes  into  play. 
This  mechanism  consists,  on 
the  motor  side,  of  at  least 
two  nerve  units  or  neurons 
and  the  muscle,  as  indicated 
ifl  the  accompanying  dia- 
gram (Fig.  21).  If  in  ordi- 
^  voluntarj'^  movements 
the  muscular  contractioiLs 
are  tetanic,  we  must  suppose 
that  the  motor  nerve  cells 
jJischarge  a  series  of  nerve 
inipulses  through  the  motor 
nerve  into  the  muscle.  The 
contraction  of  voluntar>^ 
muscle  has  been  investi- 
gated, therefore,  in  various 
^ays  to  ascertain  whether  there  is  any  objective  indication  of  the 
nmnber  of  separate  contractions  that  are  fused  together  to  make 
this  normal  tetanus.  Various  methods  have  been  employed.  The 
contractions  of  the  muscle  have  been  recorded  by  means  of  levers 
or  tambours,  so  as  to  give  a  curve  which  can  be  analyzed;  the 
vibrations  of  the  muscle  have  been  estimated  on  the  principle 
of  sympathetic  resonance,  and  the  musical  tone  emitted  by  the 


Fiff.  21. — Schema  to  show  the  innerva- 
tion of  the  skeletal  (voluntary)  muscles:  1, 
the  interoentral  (pvramidal)  neuron;  2,  the 
spinal  neuron:  3,  the  muscle. 
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muscle  during  eon  traction  has  been  deterniinetL  The  e^stimates 
arrived  at  by  these  several  methods  all  indicated  a  relatively  slow 
rhythm  of  stimuhition  approximating  a  rate  of  20  stimuli  per 
second.  The  whole  subject  hii8  been  reinvestigated  more  recently 
by  employing  the  ''string  galvanometer"  (see  p.  98)  to  record 
the  number  of  electrical  variations  occurring  dnring  a  voluntary 
contraction.  Since  each  separate  stimulus  to  a  nmscle  causes  a 
distinct  electrical  variatit)n,  it  is  evident  that  if  we  can  record  the 
number  of  such  variations  per  second  we  shall  have  almost  conclu- 
sive evidence  as  regards  the  number  of  simple  conir;M*tioiis  which 
enter  into  the  production  of  voluntary  tetanus.  The  string  gal- 
vanometer lenils  itself  to  this  purpose  better  than  any  form  of  elec- 
trometer yet  devised,  and  Piper,*  by  the  use  of  this  instrument, 
finds  that  in  voluntary  contractions  of  the  flexor  muscles  of  the 
arms  or  fingers  the  series  of  electrical  variations  follows  at  the  rate 
of  47  to  50  per  second.  Increase  in  strength  of  contraction  in 
these  muscles  causes  no  change  in  rat-e,  although  a  corresponding 
variation  in  the  intensity  of  the  electrical  changes  is  observed. 


F(ir.  22:— The  upper  curve  .«hows  th^-  vibrations  of  the  "string"  of  the  <)tnnji{r  gal- 
vanomoter  during  voluntary  contmction  of  the  fleisor  of  the  linBen*.  I-^ch  vibmtiun  i« 
due  to  &D  deetiical  osdiJiatioi)  in  the  mu^i^le  (aclion  current).  Tliepe  OHcillationti  occur  at, 
the  rat©  of  50  per  weoond,  ati  may*  be  deem  by  reference  to  the  Iciwer  curve,  thebreaki  io  which 
indicate  fifths  of  a  •«oond.  Thii*  fact  wouhi  indicate,  therefore,  tliat  in  tbe  voluntary  con- 
Imction  we  have  a  tetanu»  coropa«ed  of  single  eontmctjong  following  at  the  rate  of  &0  per 
Moond — {From  Piprr.) 

When  chfTerent  muscles  are  studied  by  this  method,  quite  a 

marked  <liffereuce  in  rate  is  obtained*  Piper  reports  such 
observations  as  the  following:  M.  deltoideus,  58  to  62;  M.  gas- 
trocnemius and  M,  tibialis  anterior,  42  to  44:  M.  quadriceps 
femoris,  38  to  41 ;  M.  masseter,  88  to  100,  and  M.  temporalis,  80 
to  86.  Assuming  that  these  figures  represent  the  rate  of  dis- 
charge of  nerve  impulses  per  second  by  the  nerve  cells  from 
which  arise  the  motor  fibers  to  the  muscles  named,  it  is  evident 
thiit  the  various  spinal  and  cranial  motor  centers  may  posseaa 

♦  Piper,  PfliSger's  '*  Arcliiv  f.  d.  gos  Physiologie/'  1907,  119,301,  Alsc 
*rZeit»chrjftf.  Bidogie/'  1908,  50,  393,  and  o04. 
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quite  widely  different  rhythms,  although  for  each  particular 
center  the  rate  is  more  or  less  fixed.  Among  the  motor  centers 
thus  far  studied  it  will  be  noted  that  the  cells  of  the  N.  trigeminus 
possess  the  highest  rate  of  discharge.  There  has  been  much 
discussion  as  to  whether  or  not  we  can  obtain  simple  as  well  as 
compound  contractions  by  voluntary  stimulation  of  our  muscles. 
It  has  been  pointed  out  that  in  very  rapid  contractions,  such  as 
occur  in  the  trilling  movements  of  the  fingers  in  playing  the 
piano,  the  duration  of  the  separate  contractions  is  so  brief  as  to 
suggest  that  they  may  be  of  the  order  of  simple  contractions. 
Direct  investigation  of  such  movements  by  the  older  method 
of  recording  with  levers  (von  Kries)  or  by  the  newer  method  of 
photographing  the  electrical  oscillations  shows,  on  the  contrary, 
that  even  the  shortest  possible  voluntary  contractions  are  brief 
tetani  made  up  of  a  short  lasting  series  of  contractions  fused 
together.  In  all  probability,  therefore,  our  motor  centers,  when- 
ever they  are  stimulated  by  a  so-called  act  of  the  will,  discharge 
rhythmically  a  series  of  nerve  impulses.  As  we  shall  see  later, 
it  is  possible  that  certain  of  these  centers,  when  stimulated 
lefiexly,  may  discharge  a  single  nerve  impulse  and  thus  arouse 
a  simple  muscular  contraction  (see  Knee- kick). 

Hm  Brgograph. — ^Voluntary  contractions  in  man  may  be  re- 
ecRded  in  a  great  many  ways,  but  Mosso  has  devised  a  special  in- 
strament  for  this  purpose,  known  as  the  ergograph.  It  has  been 
modi  used  in  quantitative  investigations  upon  muscular  work 
ttd  the  conditions  influencing  it.  The  apparatus  is  shown  and 
desenbed  in  Kg.  23.  The  person  experimented  upon  makes  a 
Kries  of  short  contractions  of  the  flexor  muscle  of  the  middle 
finger,  thereby  lifting  a  known  weight  to  a  definite  height 
whfch  is  recorded  upon  a  drum.  In  a  set  of  experiments  the 
rate  of  the  series  of  contractions — thrit  is,  the  interval  of  rest 
betiveen  the  contractions — is  kept  constant,  as  also  is  the  load  lifted. 
Under  these  conditions  the  contractions  become  less  and  less  ex- 
tensive as  fatigue  comes  on,  and  finally,  with  the  strongest  voluntary 
effort,  the  contraction  of  the  muscles  is  insufficient  to  lift  the  weight. 
In  this  way  a  record  is  obtained  such  as  is  shown  in  Fig.  24. 
In  such  a  record  we  can  easily  calculate  the  total  work  done  by 
obtaining  the  product  of  the  load  into  the  lift  for  each  contrac- 
tion and  adding  these  products  together.  By  this  means  the 
capacity  for  work  of  the  muscle  used  can  be  studied  objectively 
under  varying  conditions,  and  many  suggestive  results  have  been 
obtained,  some  of  which  will  be  referred  to  specifically.*   It  should 

*Mo880,  ** Archives  italienncs  de  biologie,"  13,  187,  189;  also  Maggiora, 
1^90,  p.  191,  342.     Lombard,  "Journal  of  Physiology,"  13,  1,  1892. 


Fiif.  24.  — Normal  fatiictie  curve  of  the  flexor*  of  th«  middle  fingier  of  right  hand.     Wel^f^ 
3  kilugrftma^  contractions  At  iatervidfl  of  two  s«crMic]j«, — (Matfgitfm,} 

of  performing.     It  is  oh\ious  that  when  the  ixjint  of  complete 
fatigue  is  reached,  as  illustnited  in  the  record,  Fig.  24,  the  muscle  ia 
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still  capable  of  doing  work,  that  is  external  work,  if  we  replace  the 
hea\7  load  by  a  lighter  one.  For  this  reason  some  investigators 
have  substituted  a  spring  in  place  of  the  load,*  giving  thus  a 
spriDg  eiigograph  instead  of  a  weight  ergograph.  Although  with  the 
spring  ergograph  every  muscular  contraction  is  recorded  and  the 
entire  work  done  may  be  calculated,  it  also  possesses  certain  theo- 
retical and  practical  disadvantages,  for  a  discussion  of  which  refer- 
ence must  be  made  to  the  authors  quoted. 

The  weight  ergograph  has,  so  far  at  least,  given  us  the  most  sug- 
gestive results.  Among  these  the  following  may  be  mentioned: 
(1)  If  a  sufficient  interval  is  allowed  between  contractions  no  fatigue 
is  apparent.  With  a  load  of  6  kilograms,  for  instance,  the  flexor 
muscle  (M.  flexor  digitorum  sublimis)  showed  no  fatigue  when  a 
rest  of  10  seconds  was  given  between  contractions.  (2)  After 
complete  fatigue  with  a  given  load  a  very  long  interval  (two 
hours)  is  necessary  for  the  muscle  to  make  a  complete  recovery 
and  give  a  second  record  as  extensive  as  the  first.  (3)  After 
complete  fatigue  efforts  to  still  further  contract  the  muscle 
greatly  prolong  this  period  of  complete  recovery, — a  fact  that 
demoostrates  the  injurious  effect  of  straining  a  fatigued  muscle. 
(4)  The  power  of  a  muscle  to  do  work  is  diminished  by  conditions 
that  depress  the  general  nutritive  state  of  the  body  or  the  local 
nutrition  of  the  muscle  used;  for  instance,  by  loss  of  sleep, 
hunger,  mental  activity,  anemia  of  the  muscle,  etc.  (5)  On  the 
contrar>',  improved  circulation  in  the  muscle — produced  by 
massage,  for  example — increases  the  power  to  do  work.  Food 
^so  has  the  same  effect,  and  some  particularly  interesting 
experiments  show  that  sugar,  as  a  soluble  and  easily  absorbed 
foodstuff,  quickly  increases  the  amount  of  muscular  work  that 
can  be  performed.  (6)  The  total  amount  of  work  that  can  be 
obtained  from  a  muscle  is  greater  with  small  than  with  large  loads, 
since  fatigue  sets  in  more  rapidly  with  the  larger  loads.  (7) 
Marked  activity  in  one  set  of  muscles — the  use  of  the  leg  muscles 
in  long  walks,  for  example — will  diminish  the  amount  of  work 
obtainable  from  other  muscles,  such  as  those  of  the  arm.  It  is 
yery  evident  that  the  instrument  may  be  used  to  advantage  in  the 
investigation  of  many  problems  connected  with  gymnastics,  diet- 
etics, stimulants,!  medicines,  etc. 

A  point  of  general  physiological  interest  that  has  been  brought  out  in  con- 
nection with  the  use  of  the  ergograph  calls  for  a  few  words  of  special  mention. 
M0880  found  that  if  a  muscle — e.  g.,  the  flexor  digitorum  sublimis — is  stimur 

/Franz,  * 'American  Journal  of  Physiology,"  4,  348,  1900;  also  Hough, 
»^m5,240,  1901. 

tSchumberg,  "Archiv  f.  physiol.,"  1899,  suppl.  volume,  p.  289,  and 
I'alinen,  "Skandinavisches  Archiv  fiir  Physiologic,''  1910,  24.  168,  197. 
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latei  directly  by  tke  electrical  currtnit  imd  its  cnnt ructions  are  recorded  by 
the  ergograph.  it  will  give  a  curve  similar  to  tliat  figured  above  for  the  volun* 
tarj'  runtmctions,  excvpt  Hint  tlie  contractions  are  ncit  so  extensive.  Under 
these  coniiitioiLs  the  niii-scle,  when  completely  fatigued  to  electrical  FtimuJa- 
tion,  will  rciijKnid  to  vulunrary  stimulation  from  the  nerve  centers.  It 
seems  likely,  aa  tiujEy^ested  by  liougli,  tliat  tiiii*  re.'^ult  in  due  mainly  to  the 
fact  that  the  electncal  current  cannot  be  applied  to  ii  muscle  in  lis  nornial 
position  fio  as  to  excite  uniformly  all  the  constituent  muscle  fillers,  although 
it  is  also  (Kjssible  that  what  we  call  thc^  normal  or  \'olueitar\'  stinmlus  is  more 
effective  or,  to  use  a  physiological  term,  more  adequate  to  the  mu.«t'le  fil>ers 
thati  the  c^leutrical  shock.  On  the  other  hand,  after  fatigue  frfirn  a  series 
of  voluntary  contractions  it  has  been  observed  that  the  muscle  will  still 
|rive  contractioui?  if  stimulated  directly  by  electricity.  This  fact  has  been 
mterpreted  to  mean  that,  in  the  neuromuscular  complex  involved  in  a  tn:i*- 
cular  contraction — namely,  motor  nerve  cell,  motor  nerve  fiber,  un4  muscle 
fiber — the  onlinary  fatigue  curvf  obtained  fnim  the  t^rgograph  diH^  not  repre- 
sent pure  mujicle  fatigue,  but  fatigu*"  of  the  ncuronmKc"ular  appanitus  iis  a 
whole.  Wpflcn>*ki  has  <'alle<l  all  cut  ion  to  the  fact  that  in  the  neuroniU»- 
cular  apparatus  the  motor  en«l-plate  is  a  sensitive  iiuk  in  the  chain,  and 
that,  when  the  nerve  in  stimulatcxl  strongly  with  jirtiliciaJ  stimuli  at  least, 
this  structure  falls  into  a  condition  in  which  it  failn  to  ronduct  the  nerve 
impuLne  to  tfie  uHwcle.  It  may  he,  therefonv  tliat  in  t^ustaimtJ  vfihjntarv 
contractions  th<^  end-plate  or  the  specialized  receptive  substance  in  which 
the  nf^Tvv  fibers  terminate  fails  first,  and  is  direetly  responsible  for  the  failure 
of  the  apparatus  to  perform  further  work*  That  the  fatigue  in  ordinary  vol- 
untary crmtnietion>s  afTeets  the  muscles  before  the  motor  nerve  centers  \h 
indicatiHl  by  the  experinients  of  Storey,  f  Making  use  of  a  weight  ergograph 
and  experimenting  upon  the  abductor  indicia,  he  found  that  after  fatiguing 
this  mu^sele  to  vohmtjiry  contractions  with  a  certain  weight,  removal  of  ibe 
weight  enabled  the  individual  to  make  contractiona  as  high  ajiti  a»s  rapid  as 
before  the  faligije.  On  the  other  hand,  if^  after  remi>ving  the  weight,  the 
iimscle  was  slitnulat*^!  elwtrically,  the  cotitnictionij  were  lower  and  slower  thau 
before  the  fatigue  So  far  its  iiur  kntmieilge  giH^»  therefore,  fatigue  as  tt 
appe^iTH  in  sustaint-d  voluntar>^  contract ioui*  is  due  probably  prinuird\'  to 
a  loiasof  irritability  in  \\w  muscit^  and  in  the  receptive  apparatii.s  bt^tvvtx'n  nerve 
and  mu.Hclc-  The  motor  nerve  fibers  do  not  fatigue,  ana  as  regards  the  motor 
nerve  cenl^^rs,  it  is  not  posaible  as  yet  to  say  what  may  be  their  relative  sus- 
ceptibility to  fatigue.  A  significant  fact,  reported  by  PiiKT,  is  that  the  mot^ar 
nerve  centrrs  when  fatiguctl  discharge  their  impidrseti  at  a  rate  of  perhaps  one- 
half  the  nonnaL 

Sense  of  Fatigue.— It  should  be  noted  in  passing  that  in  con- 
tinued  voluntary  contrdctions  we  are  consciotis  of  a  sense  of  fatigue, 
whitdi  event tmliy  Icatls  us,  if  potv^ible,  to  discontinue  our  efforts. 
This  sefisjition  riuist  arise  from  a  stitiiulation  of  sensoiy  nerv^e  fibers 
withiTi  tlie  Tiiusele  or  its  tendons,  antl  it  may  be  regarded  as  an 
important  regulation  wliereljy  we  are  prevented  from  pushing  our 
muscular  exeiiions  to  the  poiut  of  ''  straining/*^ 

Muscle  Tonus, — In  addition  to  the  conditions  of  eontraetion 
and  of  rplaxution  the  living  muscle  exhibits  the  phenomenon  of 
**tone/'  Jiy  nmscle  tone  we  mean  a  state  of  continuous  shortening 
or  contmction  which  under  normal  conditions  is  slight  in  extent 
and  varies  from  time  to  time.    This  contlition  is  dependent  upon 

•For  further  e\idenee,  see  Burridge,  "Journal  of  Phj^iology,"  1911,  41, 
2S5. 

fStory,  "American  Journal  of  Phymology,"  1903,  8,  355. 
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the  connection  of  the  muscle  with  the  nerve  centers,  and  we  may 
assume  that  under  normal  circumstances  the  motor  centers  are 
continually  discharging  subminimal  nerve  impulses  into  the  muscles 
which  cause  chemical  changes  similar  in  kind  to  those  set  up  by 
aQ  ordinary  voluntary  effort,  but  diflfering  apparently  in  the  fact 
that  they  are  slow  and  continuous,  instead  of  a  series  of  rapidly 
repeated  processes,  the  result  being  that  the  muscles  enter  into  a 
state  of  contraction  which,  while  slight  in  extent,  is  more  or  less 
continuous.  According  to  this  view,  the  whole  neuromuscular 
apparatus  is  in  a  condition  of  tonic  activity,  and  this  state  may  be 
referred  in  the  long  run  to  the  continual  inflow  of  sensory  impulses 
mto  the  central  nervous  system.  That  is,  the  tonus  of  the  skeletal 
muscles  is  not  only  dependent  on  the  nerve  centers  (neurogenic), 
but  is  in  reality  an  example  of  reflex  stimulation  of  these  centers. 
The  tone  of  any  particular  muscle  or  group  of  muscles  may  be 
destroyed,  therefore,  by  cutting  its  motor  nerve,  or  less  completely 
by  severing  the  sensory  paths  from  the  same  region.  If,  for  in- 
stance, one  severs  in  a  dog  the  posterior  roots  of  the  spinal  nerves 
imiervating  the  leg,  there  will  be  a  distinct  loss  of  muscular  tone, 
although  the  motor  nerves  remain  intact.  The  underlying  cause 
of  tone  is  poorly  understood.  It  may  be,  as  implied  above,  simply 
a  condition  of  subdued  tetanus  due  to  a  constantly  acting  series  of 
sub-minimal  stimuli,  or  it  may  be  an  order  of  contraction  quite 
different  from  the  usual  visible  movements;  that  is  to  say,  the 
shortening  in  the  case  of  tonus  may  be  due  to  a  substance  or  mech- 
anism in  the  muscle-fibers  different  from  that  which  subserves  the 
ordinary  quick  movements  which  we  designate  as  contractions. 
However  this  may  be,  the  fact  of  muscle  tone  is  important  in 
a  number  of  ways.  It  is  of  value,  without  doubt,  for  the  normal 
nutrition  of  the  muscle,  and,  as  is  explained  in  the  chapter 
on  Animal  Heat,  it  plays  a  very  important  part  in  controlling 
the  production  of  heat  in  the  body.  The  extent  of  muscle 
tone  varies  with  many  conditions,  the  most  important  of  which, 
Perhaps,  are  external  temperature  and  mental  activity.  With 
J^rd  to  the  first,  it  is  known  that,  as  the  external  temperature 
falls  and  the  skin  becomes  chilled,  the  sensory  stimulation  thus 
produced  acts  upon  the  nerve  centers  and  leads  to  an  increased 
discharge  along  the  motor  paths  to  the  muscle.  The  tone  of  the 
muscles  increases  and  may  pass  into  the  visible  movements  of 
shivering.  By  this  means  the  production  of  heat  within  the  body 
i-'^  increased  automatically.  Similarly,  an  increase  in  mental 
activity,  so-called  mental  concentration,  whether  of  an  emotional 
or  an  intellectual  kind,  leads,  by  its  effect  on  the  spinal  motor 
centers,  to  a  state  of  greater  muscle  tonus,  the  increased  muscular 
tension  being,  indeed,  visible  to  our  eyes. 
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The  Condition  of  Rigor. — When  the  muscle  substance  dies 
it  becotnt\s  ngicl,  or  goes  into  a  eoiKlitiiin  of  rigor:  it  pa^^ses  from 
a  viscous  tt>  a  solid  state.  The  rigor  that  appears  in  the  muscles 
after  somatic  death  m  dei^ignated  usually  as  rigor  mortis,  and  its  oc- 
currence explains  the  death  stiiTening  in  the  cadaver.  It  is  charac- 
terized by  several  features:  the  muscles  become  rigid,  they  shorten 
they  develop  an  acid  reaction,  and  they  lose  their  irritability  tt 
etimuli.  Whether  all  of  these  features  are  necessar>'  parts  of  the 
condition  of  rigor  mortis  it  is  difficult  to  say;  the  matter  will  be 
discussetl  briefly  below.  Some  of  the  facts  which  have  been  oh 
served  regarding  rigor  mortis  are  as  follows:  .Aiter  the  death  of  ax 
individual  the  muscles  enter  into  rigor  mortis  at  different  times 
Usually  there  is  a  certain  se<[uerice,  the  urder  given  being  the  jawi 
neek,  tnmk,  upper  limbs,  lower  limbs,  the  rigor  taking,  therefore^  a 
descenthng  course.  The  actual  time  of  t he  appearance  of  the  rigidit} 
varies  greatly,  however;  it  may  come  on  witliin  a  few  minutes  or  i 
number  of  hours  may  elapse  liefore  it  can  be  detected,  the  chief  de 
termining  factor  in  this  respect  being  the  condition  of  the  n\uscl< 
itself.  Death  after  great  muscular  exertion,  as  in  the  case  of  huBtec 
animals  or  soldiers  killed  in  batlle,  is  usually  followed  quickly  b] 
muscle  rigor;  indeed,  in  extreme  ensi^s  it  may  develop  almost  imme 
diately.     Death  after  wasting  diseases  is  also  followed  by  an  earl] 


the  11 


FiK    *'» — <'urvc  of    (lortniai  rigor  iiwrtia,  Kaatrociiemiuft   tnuwcle  of  fi*n^ 
nbijiinpxl  upon  a  kyiwof  raphioii  m&k.)titf  oiic  rovoluticwi  in  eight  days.     The 
line  U'UiW  ilie  curve  indicute  interval    of  »ix  hours.      U  wiU  be  seen  that  the  * 


requimd  ciK^itecn  hours,  the  relaxalion  alxjut  }ieventy-tw*i  h<jyr». 
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rigor ^  which  in  this  ease  is  of  a  more  ft^ble  character  and  short 
duration.  The  development  of  rigor  is  ver}'  much  hastened  by  mail 
drugs  t  hat  luring  about  the  rapiil  death  of  tlie  muscle  substance,  sue 
as  veratrin,  hydrocyanic  acid,  caflfein,  and  chlorofonu.  A  frog's  mu 
cle  exjMjised  to  chloroform  vapor  goes  into  rigor  at  once  and  shortei 
to  a  remarkable  extent.  Rigor  Ls  said  also  to  occur  more  rapidl 
in  a  muscle  still  connected  with  the  central  nerv^ous  system  tha 
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in  one  whose  motor  nerve  has  been  severed.  After  a  certain 
interval,  which  also  varies  greatly, — from  one  to  six  days  in  human 
beings,— the  rigidity  passes  off,  the  muscles  again  become  soft  and 
flexible;  this  phenomenon  is  known  as  the  release  from  rigor.  In 
the  cold-blooded  animals  the  development  of  rigor  is  very  much 
dower  than  in  warm-blooded  animals.  Upon  an  isolated  frog's 
muscle  the  most  striking  fact  regarding  rigor  mortis  is  the  shortening 
that  the  muscle  undergoes.  This  shortening  or  contraction  comes 
on  slowly,  as  is  shown  in  the  accompanying  figure,  but  in  extent 
it  exceeds  the  simple  contraction  obtainable  from  the  living  muscle 
by  means  of  a  maximal  stimulus.  This  part  of  the  phenomenon 
is,  however,  much  less  marked  apparently  in  mammalian  muscle. 
The  usual  explanation  that  is  given  of  rigor  is  that  it  is  due  to 
a  coagulation  of  the  fluid  substance,  the  muscle  plasma,  of  which 
the  fibers  are  constituted.  During  life  the  proteins  exist  in 
a  liquid  or  viscous  condition;  after  death  they  coagulate  into  a 
solid  form.  This  view  is  referred  to  again  in  the  chapter  dealing 
with  the  chemistry  of  muscle  and  nerve;  it  has  received  much 
support  from  the  investigations  of  Ktihne,*  who  proved  that  the 
muscle  plasma  is  really  coagulable.  After  first  freezing  and  mincing 
the  muscles  he  succeeded  in  squeezing  out  the  plasma  from  the 
living  fibers  and  showed  that  it  subsequently  clotted.  While  the 
coagulation  theory  of  rigor  explains  the  greater  rigidity  of  the 
naadc,  it  does  not  furnish  in  itself  a  satisfactory  explanation  of 
the  Aortening,  and  the  fact,  as  stated  above,  that  the  rigidity 
n^fOCMmr  without  the  shortening  indicates  that  this  latter  process 
Vf  poBsibly  be  due  to  changes  that  precede  the  appearance  of 
4ijid^f*  In  addition  to  the  rigor  mortis  that  occurs  after  death 
<*  ^idiiiaiy  temperatures,  a  condition  of  rigor  may  be  induced 
^^Ubf  by  raising  the  temperature  of  the  muscle  to  a  certain  point. 
Bigor  induced  in  this  way  is  designated  as  heat  rigor  or  rigor  caloris. 
Ihdi  uncertainty  has  prevailed  as  to  whether  heat  rigor  is  different 
ttmtially  from  death  rigor.  According  to  some  physiologists,  the 
processes  may  be  regarded  as  the  same,  the  heat  rigor  being  simply 
a  death  rigor  that  is  rapidly  developed  by  the  high  temperature, 
this  latter  condition  accelerating  the  chemical  changes  leading  to 
rigor,  as  is  the  case,  for  instance,  in  the  action  of  chloroform.  This 
view  is  supported  by  a  study  of  the  chemical  changes  that  take  place 
under  the  two  conditions,  as  will  be  described  later,  and  by  the  fact 
that  some  of  the  conditions  that  influence  one  phenomenon  have  a 
parallel  effect  upon  the  other.  For  instance,  death  rigor  is  accel- 
erated by  previous  use  of  the  muscle,  and  the  same  is  true  for  heat 
rigor.  While  a  resting  frog's  muscle  begins  to  go  into  heat  rigor, 

♦  Kuhne,  "Archiv  f.  Physiolofiie,"  1859,  p.  788. 
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as  judged  by  the  shortening,  at  37°  to  40°  C;  a  muscle  tl 
been  greatly  fatigued  shows  the  same  phenomenon  at  25^  to 
27°  Q*  According  to  other  observers,  heat  rigor  is  due  to  an 
ordinary'  heat  coagulation  of  the  proteins  present  in  the  musi^le 
fiber,  and  it  has  been  claimed  that  a  separate  contraction  may 
be  obtainetl  on  heating  for  each  of  the  i>roteins  said  to  exist  in 
the  muscle  fiber.f  More  recent  observationst  seem  to  show 
that  when  a  frog's  muscle  is  gradually  heated,  only  two  really 
distinct  contractions  are  obtained,  one  at  39°  C.  (38°  to  40°) 
or  slightly  lower,  and  one  at  50°  C.  (49°  to  51°).  Mammaliaa] 
muscle  gives  also  two  contractions  when  heated,  one  at  47°  C* 
(46°  to  50°)  and  one  at  62°  C.  (61°  to  64°).  In  each  of  the^ 
cases  the  second  contraction  is  due  to  the  action  of  heat  on  the 
con  nee  tive*t  issue  elements  of  the  muscle.  The  first  contraction  is, 
therefore,  the  one  that  is  characteristic  of  the  muscidar  substance! 
proper  and  the  one  that  marks  the  occurrence  of  heat  rigor. 
At  tlie  tempertures  staled,  39°  C.  for  frog\s  muscle  and  47°  C. 
for  mammalian  muscle,  the  viscous  material  within  the  sarco- 
lemma  coagulates.  It  does  not  follow  necessarily  that  this  coagula- 
tion is  the  direct  cause  of  the  shortening.  Meigs  §  states  that 
plain  muscle  he^at^d  t4i  50°  C.  h^ngthens  insteatl  of  shortening, 
although  at  that  temperature  much  of  its  contained  protein  is 
coagulated.  In  striated  muscle,  on  the  other  hand,  coagulation 
may  be  produce<l  by  alcohol  without  any  noticeable  shortening. 
It  may  l)e,  then^fore,  that  coagulation  and  shortening  are  separate 
results  following  u{M>n  the  cliemical  changes  preceding  the  death 
of  the  muscle  substance*  The  coagulation  produced  in  heat  rigor 
is  apparently  more  complete  and  resistant  than  that  of  death  rigor, 
for  orflinary  fleath  rigor  passes  off  after  a  certain  interval,  even  if 
putrt^factive  processes  are  excluded;  the  rigor  from  heat  or  from 
chloroform,  on  the  contrary,  shows  no  release.  With  regard  to  the 
specific  cause  of  the  coagulation  of  death  rigor  nothing  final  can 
be  said.  The  interesting  researches  of  Fletcher  and  Hopkiii$|| 
indicate  that  iluring  the  survival  j>eriod  between  the  loss  of  the 
normal  circulation  and  the  apj>earance  of  rigor  t^hemiival  changes 
are  going  on  in  the  living  substance  which  result  in  the  formation 
and  accumulation  of  lactic  acid.  When  the  process  of  production 
of  the  lactic  acid  ceases,  the  muscle  has  lost  its  irritability,  and 
then  soon  enters  into  the  state  of  rigor.     If  during  this  survdval 

♦  Ijitimer,  *'Amprican  Jrmrnjil  of  Pliysio]og>%*'  2,  29,  1899. 
t  BrcKlic^  iirnl  Richardson,  **  Philos^iphiral   Tiiuit*.,   Ro^'.   Soc-/'  Loudon, 
1809,  191,  p^  127;  ulso  Im^caki,  '*  Zmti^<?hrift  f.  Biol.,"  1906,  48,  313. 
I  Vroomsm,  "  Bif»-chemieal  Journal/*  1907,  2,  3ti.'i. 
J  Meigs,  '*Anipririin  JiHimal  of  Fhy.Hiolf^gj'/'  2'*-  1  ^^^  l^^i  1^*09. 
I!  Fletcher  ami  Hopkins,  '*  Journal  of  rhysiolog>',"  1907,  35,  247. 
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period  the  muscle  is  kept  well  supplied  with  oxygen,  no  lactic 
acid  accumulates  in  the  muscle,  and  when  the  muscle  finally 
loses  its  irritability,  no  rigor  occurs.  These  facts  would  seem  to 
implicate  the  lactic  acid  in  some  way  in  the  process  of  clotting 
and  of  rigor.  Rigor  of  muscles  may  be  caused  by  other  specific 
conditions  which  kill  the  muscle  and  bring  on  coagulation  of  the 
muscle-substance;  by  the  action  of  distilled  water,  for  example, 
the  so-called  water  rigor,  or  by  the  action  of  an  excess  of  calcium 
salts,  calcium  rigor. 

PLAIN  OR  SMOOTH   MUSCULAR  TISSUE. 

Occurrence  and  Innervation. — Plain  or  long  striated  muscular 
tissue  occurs  in  the  walls  of  all  the  so-called  hollow  viscera  of  the 
body,  such  as  the  arteries  and  veins,  the  alimentary  canal,  the 
genital  and  urinary  organs,  the  bronchi,  etc.,  and  in  other  special 
localities,  such  as  the  intrinsic  muscles  of  the  eyeball,  the  muscles 
attached  to  the  hair  follicles,  etc.  In  structure  it  differs  funda- 
inentally  from  cross-striated  muscle,  in  that  it  occurs  in  the  form 
of  relatively  minute  cells,  each  with  a  single  nucleus,  which  are 
united  to  form,  in  most  cases,  muscular  membranes  constituting 
a  part  of  the  walls  of  the  hollow  viscera.  Each  muscle-cell  is 
spindle  shaped,  contains  a  single  elongated  nucleus,  and  the  cyto- 
plasm is  traversed  by  fine  fibrils  (myofibrillse)  which  are  said  to 
continue  from  one  cell  to  another.  As  in  the  case  of  the  striated 
muscle,  these  fibrils  are  supposed  to  constitute  the  contractile 
element.  The  muscle-cells,  in  most  cases  at  least,  are  supplied 
with  nerve  fibers  which  originate  directly  from  the  so-called 
sympathetic  nerve-cells,  and  only  indirectly,  therefore,  from  the 
central  nervous  system. 

•  Speaking  generally,  the  contractions  of  this  tissue  are  removed 
from  the  direct  control  of  the  will,  being  regulated  by  reflex  and 
usually  imconscious  stimulations  from  the  central  nervous  system. 
All  the  important  movements  of  the  internal  organs,  or,  as  they 
are  sometimes  called,  the  organs  of  vegetative  life,  are  effected 
through  the  activity  of  this  contractile  tissue.  From  this  stand- 
point their  function  may  be  regarded  as  more  important  than  that 
of  the  mass  of  the  voluntary'  musculature,  since  so  far  as  the  mere 
Doaintenance  of  the  life  of  the  organism  is  concerned,  the  proper 
action  and  co-ordination  of  the  movements  of  the  visceral  organs 
^  at  all  times  essential. 

Distinctive  Properties. — ^The  phenomena  of  contraction  shown 
by  plain  muscles  are,  in  general,  closely  similar  to  those  already 
Btudied  for  striated  muscle,  the  one  great  difference  being  the 
much  greater  sluggishness  of  the  changes.     Plain  muscles  differ 
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among  therrLselveB,  of  course,  as  do  t 
ing  generally,  the  simpio  contractioi 
long  latent  period  that  may  be  a  1: 
as  long  as  that  of  cross-striated  muse 
and  of  relaxation  are  also  similarly 
movement  of  contraction  is  relatii 
26)  •     Plain  muscle  responds  to  arti 
current  is  obviously  a  less  adequate— 
for  this  tissue  than  for  the  strii>ed  n 
necessar}^  to  make  it  contract  is  far 
traction  varies  with  the  strength  oi 
gives    sub  maximal  and    maximal 
stimuli  projjeriy  spaced  will  cause  a  1 
and  a  series  of  stinmli  will  give  a  fus( 
rate  of  stimulation  necessary  to  proc 
slower  than  for  cross-striped  musck 
frog,  for  instance,  requires  only  o 
onds  to  cause  tetanus.*     A  distingi 
ten  Stic  of  the  plain  muscle  is  its  p 

FiR.  26. — Cur^-e  of  simple  contraction  of  p!i 
recwnl  niju-kiiiK  LnterviUi*  «>f  a  aeci>n  J.     Tlie  lower 
mant  of  iftizaulatiun  {;4hort-la.^[inj^,  (etunizintt  cun 
tMBtween  beginniftic  of  ^itimu lotion  And  bei^nning 

is,  to  remain  for  long  periods  in  a  c( 
t  rac  ti  on .    Do  u  b  1 1  ess  t  h  is  to  n  i  c  c  o  n  t 
is  usually  dependent  upon  stimulat 
vous  system  (neurogenic  tonus),  bu 
isolated  from  the  central  nervous 
the  body,  continues  to  exhibit  tl 

•Schiiltz,    '*Zur  Physiolojrie  drr  lH 
'*Arrhiv  f.  PlivHiolof^i'/'  siipnL  volumr,  H 
IniTi  Joiinial  of  Physiology',  '  4,  1R5,   190 
**Amexican  Joomal  uf  Aimtomy,'*  ix,  190 
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he  striated  muscles,  but,  speak* 
IS  of  plain  muscle  have  a  ver> 
Lundred  or  five  hundred  times 
le,  and  the  phases  of  shortening 
prolonged;  so  that  the  whok 
-ely  slow  and  gentle  (see  Fig 
ficial  stimuli,  but  the  electricail 
that  is,  a  less  normal — stimuluf 
mscle.     The  amount  of  current 
greater.     The  amoimt  of  con- 
st miukis,^that  is,  the  tissue 
contractions.    Two   successive 
irger  or  summated  contraction, 
2d  or  tetanic  contraction.     The 
luce  tetanus  is,  of  course,  much 
,.     The  stomach  muscle  of  the 
ne  stimulus  at  each  five  seo- 
lishing  and  important  charac- 
ower  to  remain  in  tone.-^that 

tin  muscle.     The  middle  line  \»  the  tinM 

mo^t  line  mdicates  lit  the    break  the  ttio 

«nt>.    It  will  h(»«««fi  that  the  latent  period 

vf  ront motion  is  equal  lo   about   three 

mdition  of  greater  or  less  con- 

raction  under  normal  relations 

ion  received  through  the  ner- 

t  the  muscle,  when  completely 

system,  whether  in  or  out  of 

le  phenomenon  of  tone  to  a 

rig^iK^treiften    (i^latten)    Mufikeln," 
MXJ,  p.  1.     See  also  Stewart,  *'Amer- 
0.      For  finer  hlntolofo^  see  M'Gill, 
9. 
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remarkable  degree.  In  most  of  the  organs  in  which  plain  muscle 
occurs  there  are  present  also  numerous  nerve  cells,  and  it  is 
therefore  still  a  question  as  to  whether  the  tonic  changes  shown 
by  this  tissue,  after  separation  of  its  extrinsic  nerves,  depend 
upon  a  property  of  the  muscle  itself  (myogenic  tonus)  or  upon 
their  intrinsic  nerve  cells.  Most  observers  adopt  the  former 
view.  The  importance  of  this  property  of  tone  in  the  plain 
muscle  tissues  will  be  made  fully  apparent  in  the  description 
of  the  physiology  of  the  organs  of  circulation  and  digestion. 
Plam  muscle  may  exhibit  also  the  phenomenon  of  rhythmical 
activity — that  is,  under  proper  conditions  it  may  contract 
and  rdax  rhythmically  like  heart  tissue.*  Such  movements 
have  been  observed  and  studied  upon  the  plain  muscle  of  the  ureter, 
the  bladder,  the  esophagus,  stomach,  and  other  portions  of  the 
alimentary  canal,  the  spleen,  the  blood-vessels,  etc.  This  property 
seems  to  be  very  imequally  distributed  among  the  dififerent  kinds 
of  plain  muscle  foimd  in  the  same  or  different  animals,  but  this 
fact  serves  only  to  illustrate  the  point  already  sufficiently  empha- 
siad,  that  grouping  one  kind  of  tissue — e.  g,,  plain  muscle — into 
a  common  class  does  not  signify  that  the  properties  of  all  the  mem- 
ben  of  the  group  are  identical.  The  question  as  to  how  far  the  phe- 
BOOflnon  of  rfajrthmical  contraction  is  entirely  muscular  and  how  far 
itdefnids  upon  intrinsic  nerve  cells  is  a  complex  one;  the  answer 
vipnibably  vary  for  different  organs,  and  the  subject  will  therefore 
beeoBwieied  in  the  organs  as  they  are  treated. 

Ciidiac  Muscular  Tissue. — As  the  muscle  cells  of  cardiac 
timeaie  somewhat  intermediate  in  structure  between  the  striated 
fibew  of  voluntary  muscle  and  the  cells  of  plain  muscles,  so  their 
pbyodogical  properties  to  some  extent  stand  between  these  two 
extremes.  The  rate  of  contraction,  for  instance,  while  slower  than 
that  of  the  fibers  of  skeletal  muscles,  is  more  rapid  than  that  of 
plain  muscle.  The  most  striking  peculiarity  of  heart  muscle  is, 
however,  its  power  of  rhythmical  contractility,  and  this,  as  well  as 
its  other  properties,  is  so  directly  concerned  with  its  functions  as 
an  organ  of  circulation  that  it  may  be  discussed  more  profitably 
in  that  connection. 

Ciliated  Cells. — In  the  mammalian  body  the  phenomenon  of 
contractility  is  exhibited  not  only  by  the  well-defined  muscular 
tissue,  but  also  by  the  leucocytes  and  especially  by  the  cilia  of  the 
ciliated  epithelium.  Epithelial  cells  with  motile  cilia  are  found  lin- 
ing the  mucous  membrane  of  the  air-passages  in  the  trachea,  larynx, 
bronchi,  and  nose,  in  the  lacrimal  duct  and  sac,  in  the  genital  pas- 
sages, uterus  and  Fallopian  tubes  and  the  tubules  of  the  epididymis, 

„     •Engelmann,    "Archiv   f.    d.   ges.    Physiologie,"  2,  243,  1869.     Stiles, 
Anier.  Jour,  of  Physiology,"  5,  338,  1901. 
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ant!  ill  the  Eustachian  tube  and  part  of  the  middle  ear.  Similar 
cells  are  found  liiiijig  the  ventricles  of  the  brain  and  the  centra! 
canal  of  the  cord.  The  cilia  in  this  latter  position  have  been 
dennmstrated  to  be  motile  in  the  frog,  and  according  to  an  old 
obser\^ation  by  Purkinje*  the  same  is  true  for  the  mammaban 
(sheep)  embryo.  So  also  in  the  neck  of  the  uriniferous  tubule 
ciliated  cells  art>  said  to  occur,  but  whether  they  are  motile  or  not  has 
not  been  demonstrated.  In  t  he  internal  ear  and  the  olfaeton'  miicoas 
membrane  the  .so-ealled  sense  cells  are  also  ciliated,  but  here  at  least 
the  cilia  are  prrjbably  not  motile.  Ordinarily  each  ciliated  epithelial 
cell  carries  a  bunch  of  cilia,  all  of  which  contract  together,  but 
motile  protoplasmic  prolongations  of  the  cell  may  occur  singly,  as 
is  illustrateti  in  the  spermatozoa,  for  instance,  and  in  many  of  the 
protozoa  and  plant  cells.  In  the  lower  forms  of  life  cilia  plaj^ 
obviously  a  very  imjwDrtant  role  in  locomotion,  the  capture  of  food, 
and  respiration,  and  their  form  and  manner  of  movement  var>' 
greatly:  11  le  form  of  movement  or  manner  of  contraction  was 
formerly  describerl  under  four  heads^ — the  hook  formj  the  |}endular, 
the  unduktor\'  or  wave-like,  and  the  furmel  form  or  infnndibular}\ 
With  the  exception  of  the  spermatozoa,  the  cilia  found  in  mam- 
mals show  the  first  form  of  contraction*  The  little  proceases  are 
contracted  quickly  in  one  (tirection,  Sf»  as  to  take  a  hook  shape, 
and  then  relax  more  slowly,  the  relaxation  taking  several  time-s 
as  long  as  the  contraction.  The  whole  movement  is  rhythnucal  and 
ver>"  rafiid.  The  cilia  of  the  epithelium  of  the  frog's  pharj^nx  and 
esophagus,  which  have  l>een  the  most  frequently  studied  in  the 
higher  animals,  contract,  according  to  Engehnann.  at  tiie  rate 
of  12  timas  per  second.  When  a  field  of  epithelium  is  observed 
under  the  raicrow^cope  the  contractions  ptiss  over  it  in  a  definite 
direction,  but  so  rapidly  that  the  eye  is  not  able  to  analyze  them; 
one  obtains  the  impression  simply  of  a  swiftly  flowing  current. 
As  the  cilia  l)egiu  to  die,  their  movements  beccmie  less  rapid,  and 
the  nature  of  the  contractions  and  their  progress  from  cell  to  cell 
can  ^ye  satisfactorily  determined.  In  the  mammalia  the  fimction 
of  the  ciliated  epithelium  is  supposed  to  lie  entirely  mechanical,— 
that  is,  the>'  move  substances  lying  upon  them.  In  the  ovi- 
tiucts  they  move  or  help  to  move  the  ovnm  toward  tlie  uterus, 
and  in  tliis  latter  organ  their  motion  is  supposed  to  guide  the 
spermatozoa  from  the  uterus  toward  the  oviducts, — that  is, 
the  re=^istance  ofTered  to  the  motile  spermatozoa  giudes  their  move- 
ments. So  in  the  respiratory  passages  foreign  particles  of  various 
sorts,  together  with  the  secretion  of  the  mucous  glands,  are  moved 
toward  the  mouth,  the  effect  iieing  to  protect  the  air-passages 
from  obstruction.  The  cuntraction  and  relaxation  of  the  riliu  are 
•Pyrkinje,  '*  Muller's  Archiv,"  183a 
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assumed  to  be  phenomena  of  essentially  the  same  order  as  those 
exhibited  by  the  muscle  tissue.  A  theory  that  will  adequately 
explain  one  will  doubtless  be  applicable  to  the  other.  Many 
interesting  facts  have  been  established  regarding  ciliary  move- 
ments. The  contractions  of  the  cilia  in  any  given  field — the 
trachea,  for  instance — follow  in  a  definite  sequence  and  are  co- 
ordinated. The  waves  of  contraction  progress  in  a  definite  direction. 
This  fact  increases  greatly  the  effectiveness  of  the  cilia  in  per- 
foraiing  work.  Thus,  in  spite  of  their  extremely  minute  size,  it 
is  estimated  that  an  area  of  a  square  centimeter  is  capable  of 
moving  a  load  of  336  gms.  The  contractions  are  automatic, — 
that  is,  the  stimulus  causing  them  is  not  dependent  upon  a  con- 
nection with  the  nervous  system,  but  upon  processes  arising  within 
the  cell  itself;  the  cilia  of  a  single  completely  isolated  cell  may 
continue  to  contract  vigorously.  The  movement  may  continue 
for  several  days  after  the  death  of  the  individual,  thus  again  showing 
the  physiological  independence  of  the  structure.  The  ciliated  cells 
may  conduct  a  stimulus  or  impulse  to  other  cells  even  after  its 
own  cilia  have  lost  their  contractility.  This  fact  is  particularly 
significant  in  general  physiology',  as  it  aids  in  showing  that  the 
property  of  conductivity  which  is  exhibited  in  such  high  degree 
by  nerve  fibers  is  possessed  to  a  lower  degree  by  other  tissues. 
The  ciliary  movement  is  affected  by  variations  in  temperature,  and 
if  the  temperature  passes  beyond  an  optimum  point  the  cilia  fall 
into  a  condition  resembling  heat  rigor  in  the  muscle.  Their  move- 
ments are  affected  also  by  the  reaction  of  the  medium,  being  at 
first  accelerated  and  then  slowed  or  destroyed  by  a  slight  degree 
of  acidity  and  favored  by  a  ver>'  slight  degree  of  alkalinity.* 

*  References  for  physiology  of  ciliary  movement:    Verworn,  "General 
fhyaology,"  English  translation  by  Lee;    Putter,  "Ergebnisse  der  Physiol- 
JJ^e,"  1902,  vol.  li,  part  n;    Engelmann,  article,  "Oils  vibratils."  in  Richet's 
Dictionnaire  de  Physiologie,"  vol.  iii,  1898. 
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THE  CHEHICAL  COMPOSITION  OF  MUSCXE  AND  THE 

CHEMICAL  CHANGES  OF  CONTRACTION  AND 

OF  RIGOR  MORTIS. 


Muscle  Plasma.^The  beginning  of  our  present  knowledge  of 
the  chemieal  compoj^ition  of  muscle  is  found  in  some  interesting  ex- 
periments !natle  by  Kiihne  upon  frog*s  musele.  Kiihne  froze  the 
living  muscle  to  a  hard  mass,  cut  it  into  fine  shavings  with  cold 
knives,  and  ground  the  pieces  thoroughly  in  a  cold  mortar.  The 
fine  miLscle  snow  thus  obtained  was  put  under  high  pressure  and 
a  liquid  expressed  which  was  assumed  to  represent  the  fluid  living 
substance  in  the  normal  fiber.  This  muscle  plasma  clotted  on  stand- 
ing, much  as  blood  does,  the  muscle  clot  shrinking  and  squ€iezing 
out  a  muscle  senun.  Similar  experiments  have  since  been  per- 
formed by  Halhbnrton*  on  mammalian  muscle.  This  spontaneous 
clotting  of  the  Uving  plasma  has  been  held  to  be  important  in 
showing  the  probable  cause  of  death  rigor. 

Composition  of  the  Muscle  Piasnm. — I'sing  the  term  muscle 
plasma  to  designate  the  entire  contents  of  t!ie  muscle  fiber  within 
the  sareolennuM,  it  is  obvious  that  this  material  should  contain  all 
the  constituents  tluit  properly  belong  to  the  muscle,  in  contradis- 
tinction to  the  substances  found  in  the  connective  tisane  binding 
the  muscle  fibers  together. 

The  constituents  in  addition  to  wat-er  that  are  known  to  occur 
in  muscle  are  very  numerous  indeed,  and  difficult  to  classify.  They 
may  be  groujied  under  the  following  heads:  (1)  Proteins.  (2)  Car- 
bohydrates and  fats.  (3)  Nitrogenous  wast«  products,  (4)  Special 
substances,  such  as  lactic  acid,  inosite,  phosphocarnic  acid. 
(5)  Pigments.  (6)  Ferments.  (7)  Inorganic  salts.  Very  little 
that  is  positive  can  be  stated  regarding  the  physiological  role 
of  most  of  these  constituents,  the  interest  that  attaches  to  thera 
at  present  being  largely  on  the  chemical  side. 

The  Muscle  Proteins.t — The  proteins  of  the  muscle  have  been 
investigated   l>v  a  numl>er  of  observers,  hut   un fortunately  the 

*  HiUliburton,  "Journal  of  Phvsioloios"  8,  V33,  1888. 

t  Von  Ftirth,  "Archiv  f.  ex|>er.  Path.  u.  Phannakol./^  36,  231,  1895,  and 
"Han<lbuch  der  Biochemic."  1909,  vol  2,  p.  244;  Halliburton,  **Joumal  of 
PhyBiolog>^''  8,  133,  1888;  Stewart  and  Sollamn,  ibuL,  24»  427,  1899. 
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\jertDiaology  employed  has  not  been  uniform,  and  the  facts  so  far 
as  Aey  are  known  to  us  seem  to  be  obviously  incomplete.  Ac- 
coT^ng  to  von  Fiirth,  two  proteins  may  be  obtained  from  mam- 
malian muscle  by  extracting  it  with  dilute  saline  solutions, — namely, 
myosin  and  myogen,  the  latter  existing  to  three  or  four  times  the 
amount  of  the  former.  Myosin  belongs  to  the  globulin  group  of 
proteins  (see  appendix) ;  it  is  coagulated  by  heat  at  44°  to  50°  C, 
it  is  precipitated  by  dialysis  or  by  weak  acids,  it  is  easily  precipi- 
tated from  its  solutions  by  adding  an  excess  of  neutral  salts,  such 
as  sodium  chlorid,  magnesium  or  ammonium  sulphate.  With 
the  last  salt  it  is  completely  precipitated  when  the  salt  is  added 
to  one-half  saturation  or  less.  Its  most  interesting  property,  how- 
ever, is  that  on  standing  at  ordinary  temperatures  it  passes  over 
into  an  insoluble  modification  which  separates  out  as  a  sort  of 
clot.  Following  the  terminology  used  for  the  blood,  this  insoluble 
modification  is  called  myosin  fibrin.  Myogen,  the  other  protein, 
seems  to  fall  into  the  group  of  albumins  rather  than  globulins. 
It  is  not  precipitated  by  dialysis  and  requires  more  than  half 
saturation  with  ammonium  sulphate  for  its  complete  precipitation. 
It  is  coagulated  by  heat  at  a  temperature  of  55°  to  65°  C.  Solutions 
of  my(^n  on  standing  also  undergo  a  species  of  clotting,  the  in- 
soluble protein  that  is  formed  in  this  case  being  called  myogen  fibrin. 
It  appears,  however,  that  in  changing  to  myogen  fibrin  the  myogen 
passes  through  an  intermediate  stage,  designated  as  soluble  myogen 
fibrin,  in  which  its  temperature  of  heat  coagulation  is  as  low  as 
30°  to  40°  C, — the  lowest  temperature  recorded  for  any  protein. 
As  was  stated  in  the  paragraph  on  muscle  rigor,  it  is  known  that 
frog^s  muscle  goes  into  heat  rigor  at  about  37°  to  40°  C,  and  in 
accordance  with  this  fact  it  is  stated  that  a  protein,  soluble  my- 
ogen fibrin,  which  is  not  present  in  mammalian  muscle,  occurs 
normally  in  the  muscle  of  the  frog  and  also  of  the  fishes.  On  the 
basis  of  these  facts  the  rigidity  of  death  rigor  is  explained  by  as- 
suming that  both  of  these  proteins  exist  in  the  living  muscle,  and 
that  after  death  they  undergo  a  partial  or  complete  coagulation 
according  to  the  following  schema: 

Myosin.  Myogen. 

I  'I 

Myosin  fibrin.  Soluble  myogen  fibrin. 

Y 
Myogen  fibrin. 

It  may  be  doubted  whether  these  proteins  exist  as  such  in 
the  living  muscle.  Extracts  must  of  necessity  be  made  after 
the  muscle  plasma  is  dead  and  probably  coagulated.  Myogen  is 
8ftid  not  to  occur  in  the  muscles  of  the  invertebrates.     It  should 
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be  added  that  after  the  most  complete  extraction  with  saline 
solutions  the  muscle  fiber  still  retains  much  protein  material, 
and  its  structural  appearance,  so  far  as  cross-striation  is  con- 
cerned, remains  unaltered.  The  portion  of  protein  material 
thus  left  in  the  muscle  fiber  as  a  sort  of  skeleton  framework 
is  designated  as  the  muscle  stroma;  it  is  not  soluble  in  solu- 
tions uf  neutral  salts,  but  dissolves  readily  in  solutions  o( 
dilute  alkalies.  In  stiiped  muscle  this  so-called  stroma  forais 
alM>ut  0  jicr  cent,  of  the  weijo:ht  of  the  muscle;  while  in  the  heart 
muscle  it  makes  about  56  per  cent,,  and  in  the  smooth  muscle. 
72  per  cent.  It  is  at  present  uncertain  whether  the  myosin  and 
myogen  represent  the  protein  constituents  of  the  contractile  ele- 
ments of  the  muscle  filjei^  or  of  the  undiiTerentinted  jiortion.  the 
sarcoplasm.  The  proteins  of  plain  muscle  tissue  and  of  cardiac 
muscle  have  not  received  so  much  attention  as  those  of  voluntary 
muscle.  It  is  stated,  however,  that  the  proteins  extiaitetl  from 
these  tissues  by  salt  solutions  are  coagulal>le  on  stantiing,  as  hi 
the  case  of  the  extracts  of  voluntaiy  muscle.  In  plain  mtjscle 
two  proteins,  in  adilition  to  some  nucleoprotein.  are  dcsciibed, 
one  belonging  to  the  albumin  and  one  to  the  ^lol>ulin  class,  but 
the  identity  or  relatione^Iiip  of  these  jiroteins  to  those  abo%e  de- 
scrilied  has  not  lieen  established.  In  heart  muscle,  myosin  and 
myogen  occur  in  practically  the  same  proportions  as  in  voluntarj^^ 
muscle,  but  the  amount  of  stroma  left  umhssolved  after  treatment^ 
with  sahne  sohitions  is,  as  stated  above,  much  greater  than  in 
skeletal  nuiscle.* 

The  Carboliydrates  of  MuscIe.^ — Muscle  contains  a  certain 
amount  of  sugar  (dextrose  or  dextrose  and  isomaltose).  and  also^f 
under  nomial  conditions  a  considerable  quantity  of  glycogen,  or^" 
so-called  animal  starcli.  The  formation  and  the  consumption  of 
glycogen  in  the  l»ody  conslitute  one  of  the  most  interesting  chapters 
in  the  physiolog>^  of  nutrition,  ami  the  relations  of  glycogen  will 
be  treated  more  fully  under  that  heacL  It  may  be  stated  here, 
however,  that  the  muscular  tissue  has  the  power  of  converting  the 
sugar  l»rought  to  it  by  the  blood  into  glycogen.  It  is  a  synthetic 
reaction  in  which  the  simple  molecule  of  the  rnonosaceharitle 
(dextrose)  is  converted  by  dehydraticui  antl  condensation  to  the 
larger  molecule  of  the  polysacehari<le  (glycogen).  It  is  repre- 
sented in  principle  by  the  reaction  , 

n(aH.  A)  —  n(H/))  =  ((;H,„0,)n. 

The  glycogen  thus  formed  is  stored  in  the 
a  constant  constituent  of  well-nourished  muscl 

*  VincoDl  and  I^vvIh,    "JourTml  of  Physiolo^%''  26, 
»chrift  f.  physitilnp.  Chi*itiii',''  A4,  417,  HK)l-2;  Stpwwrt  nn»l  Siilliiian,  he. 
von  Ftirtb,  "(VentTal  Kevirw.  Hamtbuch  fler  Biorliemie,"  vol.  2^  part  2,  p. 
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eotwtition,  the  amount  varying  between  0.5  and  0.9  per  cent,  of 
the  weight  of  the  muscle.  The  glycogen  thus  stored  in  the  muscle 
is  consumed  by  the  tissue  during  its  activity,  and  it  is  assumed 
that  before  it  is  thus  consumed  it  is  converted  back  into  sugar  by 
the  action  of  an  amylolytic  enzyme  contained  in  the  muscle.  The 
glycogen,  therefore,  itself  represents  a  local  deposit  of  carbohydrate 
nutritive  material.  The  sugar  and  the  glycogen  must  be  con- 
sidered as  one  from  the  standpoint  of  the  nutrition  of  the  muscle. 
During  muscular  activity  the  store  of  glycogen  is  used  up,  and  if 
the  activity  is  sufficiently  prolonged  it  may  be  made  to  disap- 
pear entirely.  Among  the  many  uncertain  and  contradictory 
statements  regarding  the  chemical  changes  in  active  muscle,  this 
fact  stands  out  in  pleasant  contrast  as  one  that  is  satisfactorily 
demonstrated. 

Phosphocamic  Acid  (Nucleon^. — A  peculiar  substance  containing  phoB- 
phonis  was  discovered  by  Siej^fried  in  the  muscle  extracts. *  This  substance 
wems  to  resemble  the  proteins,  but  has  a  complex  and  peculiar  structure,  as 
is  shown  by  its  split  products  when  hydrolyzed  by  boiling  with  baryta  water. 
Under  these  conditions  there  are  formed  carbon  dioxid,  phosphoric  acid, 
a  carbohydrate  body,  succinic  and  lactic  acids,  and  a  crystallizable  nitrogen- 
ous acid  body  which  is  designated  as  carnic  acid  (C10H15N5O3). 

Lactic  Acid  (GjHgOg). — Lactic  acid  is  found  in  varying  amounts 
in  the  extracts  of  muscle.  The  acid  that  is  obtained  is  the  so-called 
ethidene  lactic  acid  or  a-hydroxypropionic  acid  (CHjCHOHCOOH), 
and  differs  from  the  lactic  acid  found  in  sour  milk  in  that  it  ro- 
tates the  plane  of  polarized  light  to  the  right.  The  lactic  acid  in 
sour  milk  is  produced  by  bacterial  fermentation,  and  is  inactive  to 
polarized  light,  because  it  exists  in  racemic  form  ;  that  is,  it  con- 
sists of  equal  amounts  of  the  right-handed  form  which  turns  the 
plane  of  polarization  to  the  right  and  of  the  left-handed  form 
J^hich  turas  it  to  the  left.  In  the  muscle  the  right-handed  form 
is  found  mainly  or  only,  and  this  form,  therefore,  is  frequently 
designated  as  sarcolactic  (or  paralactic)  acid.  Recent  work 
indicates  that  in  the  perfectly  resting  muscle  lactic  acid  is 
present  only  in  traces.  The  amount  is  greatly  increased  during 
contraction  or  in  the  processes  leading  to  rigor.  This  substance 
would  seem,  therefore,  to  represent  an  intermediary  product  in 
the  metabolism  of  contraction  and  in  the  metabolism  of  dying. 

The  Nitrogenous  Extractives  (Nitrogenous  Wastes). — Muscle 
extracts  contain  numerous  crystallizable  nitrogenous  substances 
which  are  regarded  as  the  end-products  of  the  disassimilation 
or  catabolism  of  the  Hying  protein  material  of  the  muscle. 
The  number  of  these  substances  that  have  been  found  in  traces  or 

•Siegfried,  "  Zeitschrift  f.  physiol.  Chemie,"  21,  360,  1896  ;  also  28,  524, 
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weighable  quantities  is  rather  large.  They  have  aroased  great 
interest  because  their  structure  throws  some  light  on  the  nature 
of  protein  eatabolisnu  The  one  that  occurs  in  largest  amount  if 
creatin,  C,Ht»Nj03,  or  methyl-guanidin-acetic  acid,  NHCNHy 
NCH,CH2C(>0H*  Creatin  may  be  present  in  amounts  equal  tc 
0.3  per  cent,  of  tlie  weigljt  of  the  muscle.  It  has  been  supposec 
to  be  given  off  to  the  bh>ocl  and  eventually  excreted  in  the  urim 
as  creatin  in  (CJi^N/)),  which  is  formed  frtnn  creatin  by  the  iosi 
of  a  molecule  of  water  (see  p.  835),  Another  nitrogenous  bod} 
with  basic  pniperties  which  occurs  in  amounts  about  equal  to  th« 
creatin  is  carnosin,  CttH|4N|0a.*  It  is  probably  a  derivative  oj 
histidin,  since  on  hydrolysis  it  yiekls  histidin  and  alaniii  (Gule 
witschL  Nothing  is  known  i*f  its  physiological  signifit^anee 
In  addition  theri*  is  a  grcmp  of  botlies  supposed  to  represent  tht 
end-products  of  the  l)reaking  uf>  of  the  nucleins  of  the  muscle,  all 
of  which  belong  to  the  so-called  pnrin  bases.  These  are:  Uric 
acid  (C,HiN,0,),  xanthin  (C.H^N.O;),  h>T>oxanthin  (C.H^N^O), 
gtiania  (C-H-N,0).  adenin  (C-H^N,),  and  carnin  (QH,N,0;i) 
They  will  be  referred  to  more  fully  in  the  section  on  Nutrition, 
Several  other  nitrogenous  extractives  have  been  isolated  and 
named,  but  there  is  perhaps  some  doubt  as  to  their  chemical  indi- 
viduality. These  iiitrogenous  products  are  found  in  the  varioujs 
meat  extracts  and  meat  iuices  used  in  dietetics.  While  they 
pos^sess  no  direct  nutritive  value,  it  seems  proluible  (see  chapter  on 
Gastric  Digestion)  that  they  may  he  very  effective  indirectly  by 
stimulating  the  secretion  of  the  gastric  glands. 

Pigments.— The  red  color  of  many  muscles  is  Ijelieved  to  b€ 
due  to  the  presence  of  a  special  pigment  which  resembles  in  its 
structure  and  its  properties  the  hemoglobin  of  the  red  bhxx] 
corpuscles,  and  perhaps  Ls  identical  with  it.  This  pigment  is  known 
as  myohematin  or  myochrome.  It  l>elongs  pR^sumably  to  the 
group  of  so-called  respiratory^  pigments,  which  have  the  property 
of  holding  oxygen  in  loose  combination,  and  by  virtue  of  this 
proiXTty  it  takes  part  in  the  absori^tion  of  oxygen  by  the  musculai 
tissue. 

Enzymes, — A  number  of  unorganixeil  ferments  or  enzymes 
have  been  described  by  one  obser\  er  or  another.  In  this  tissue 
as  in  others  the  processes  of  nutrition  seem  to  l>e  connected  with 
the  development  of  special  enzymes.  A  proteolytic  enzyme  capable 
of  digesting  proteins  has  been  described  Viy  Brucke  and  others 
an  amylolytic  enzyme  capable  of  converting  the  glycogen  to  sugai 
by  Nasse;  a  glycolytic  enzyme  capable  of  destroying  the  sugars 
by  Brunton,  Cohnheim,  and  others;  a  lipase  capable  of  splitting 
the  fats  l>y  Kastle  and  Loevenhart;  and,  finally  a  coagulating 

•  von  Furth  and  Schwar«,  ■Biui'UHtusche  Zeit^clmft."  1911,  30,  413. 
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enzyme  responsible  for  the  coagulation  of  the  muscle  plasma  after 
death  by  IMiburtoii. 

The  hiorganic  Constituents. — ^Muscle  tissue  contains  a  number 
of  salts,  chiefly  in  the  form  of  the  chlorids,  sulphates,  and  phos- 
phates of  sodium,  potassium,  calcium,  magnesium,  and  iron.  As 
in  other  tissues,  the  potassium  salts  predominate  in  the  tissue 
itself.  In  frog's  muscle  the  entire  ash  constitutes  about  0.88 
per  cent,  of  the  dry  material  of  the  muscle,  and  of  this  ash  the 
potassium  and  the  phosphoric  acid  together  make  up  more 
than  80  per  cent.  (Urano).  These  inorganic  constituents  are 
most  important  to  the  normal  activity  of  the  muscle,  and, 
indeed,  in  two  ways:  first,  in  that  they  maintain  a  normal 
osmotic  pressure  within  the  substance  of  the  fibers  and  thus 
control  the  exchange  of  water  with  the  surrounding  lymph  and 
blood;  second,  in  that  they  are  necessary  to  the  normal  structure 
and  irritability  of  the  living  muscular  tissue.  Serious  variations 
in  the  relative  amounts  of  these  salts  cause  marked  changes  in 
the  properties  of  the  tissues,  as  is  explained  in  the  section  on 
Nutrition,  in  which  the  general  nutritive  importance  of  the 
salts  is  discussed,  and  also  in  the  section  deaUng  with  the  cause  of 
the  rhythmical  activity  of  the  heart. 

Chemical  Changes  in  the  Muscle  during  Contraction  and 
Rigor.— Perhaps  the  most  significant  change  in  the  muscle  during 
contraction  is  the  ^production  of  carbon  dioxid.  After  increased 
muscular  activity  it  may  be  shown  that  an  animal  gives  off  a 
lailger  amount  of  carbon  dioxid  in  its  expired  air.  In  such  cases 
the  carbon  dioxid  produced  in  the  muscles  is  given  off  to  the 
blood,  carried  to  the  lungs,  and  then  exhaled  in  the  expired  air. 
Pettenkofer  and  Voit,  for  instance,  found  that  during  a  day  in 
which  much  muscular  work  was  done  a  man  expired  nearly  twice 
as  much  CO,  as  during  a  resting  day.  The  same  fact  can  be 
shown  directly  upon  an  isolated  muscle  of  a  frog  made  to  con- 
tract by  electrical  stimulation.  The  carbon  dioxid  in  this  case 
diffuses  out  of  the  muscle  in  part  to  the  surrounding  air,  and 
^  part  remains  in  solution,  or  in  chemical  combination  as  car- 
bonates, in  the  Uquids  of  the  tissue.  It  has  been  shown  by 
Hermann*  and  others  that  a  muscle  that  has  been  tetanized  gives 
off  more  carbon  dioxide  than  a  resting  muscle  when  their  contained 
gases  are  extracted  by  a  gas  pump.  This  COj  arises  from  the 
oxidation  of  the  carbon  of  some  of  the  constituents  of  the  muscle, 
and  its  existence  is  an  indication  that  in  their  final  stages  the 
changes  in  the  muscle  are  equivalent  in  those  of  ordinary  combus- 
tion at  high  temperatures,  the  burning  of  wood  or  fats,  for 

^  *  Hermann,  **Unter8Uchungen  (iber  den  Stoflfwechsel  der  Muskeln,  etc.." 
Beriin,  1867. 
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instance.  Moreover ^  the  formation  of  the  COj  in  the  muscle  is 
aticonipaiiiecl  by  the  production  of  heat,  as  in  combustion;  and 
for  the  same  amount  of  CO^  produced  in  the  two  cases  the  same 
amount  of  heat  is  liberated.  Fletcher*  has  discovered  the 
significant  fact  thai  the  increased  elimination  of  CO^  following 
upon  contraction  is  clearly  shown  only  when  the  muscle  is  well 
supplied  with  oxygen.  In  the  absence  of  oxygen  contraction 
may  cause  no  increase  in  the  CO3  given  off.  This  fact  seems  t€ 
be  in  accord  with  prevalent  ideas  regarding  the  nature  of  the 
muscular  metabolism,  according  to  w^hich  the  chemical  proe^ssei 
take  place  in  two  stages.  In  the  first  the  complex  energy- 
yielding  material,  sugar,  for  example,  undergoes  a  splitting 
process  which  results  in  the  formation  of  intermediary  products^ 
such  as  lactic  acid.  In  the  second  stage  these  intermediary 
products  are  oxidized,  provided,  as  Fletcher  points  out,  there 
is  an  adequate  supply  of  oxygen.  Under  normal  conditions  a 
sufficient  amount  of  oxygen  is  furnished  by  the  circulating 
blood,  but  under  pathological  conditions  and  in  the  excised 
muscle  the  supply  may  not  be  adequate,  and  as  a  result  the 
intermediary  products  are  not  oxidized  completely.  Under 
such  conditions  less  heat  is  produced  in  the  muscle,  and  the 
intermediary  products  accumulate  in  the  tissue  unless  carried 
off  as  such  in  the  blood. 

The  fftct  tlmi  a  raynflo  will  continue  to  contract  on  Ktimulation  even 
when  in  an  atmosphere  free  from  oxygen  was  formerly  interpretc-d  to  meaa 
that  some  oxygen  had  bcn-n  stored  previously  by  the  miisele  and  thaf  con- 
tract  ions  were  possible  only  as  long^  as  this  supply  held  out.  But  since  it  ha« 
been  found  that  the  contractions  under  these  circumst^mces  are  not  accora- 
panied  by  an  output  of  carlxin  di-oxid,  tliis  supposition  has  been  rendered 
doubtftil.  It  has  been  suggoi?t«d,  on  the  contrarv,  tliaf  the  energj'  for  the 
oontractiona  in  these  casew  may  be  obtained  from  otlier  than  oxidative  changes, 
for  example,  from  the  small  amount  of  heat-energy  liberated  in  the  splitting 
of  tiugar  into  laetic  acid. 

Disappmrance  of  the  Ghjcogen, — An  equally  positive  chemical 
chanp;e  in  the  muscle  during  contraction  is  the  disappearance  of  its 
containetl  glycogen.  Satisfactory  proof  has  been  furnished  that  the 
amount  of  glycogen  in  a  muscle  disappears  more  or  less  in  propor- 
tion to  the  extent  and  duration  of  the  contractions,  and  that  after 
prolonged  muscular  activity,  especially  in  the  starving  animal,  the 
supply  may  be  exhausted  entirely.  In  what  way  the  glycogen  is 
consumed  is  not  completely  known;  the  matter  is  discussed  in  the 
next  paragraph  ami  in  the  section  on  Nutrition.  It  is  the  general 
belief  in  physiologj'  to-tlay  that  under  normal  conditions  the 
glycogen  of  the  muscle^  after  being  changed  to  sugar,  furnishes 

•  Fletcher,  "Journal  of  Physiology,"  1902,  28,  474 
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the  material  from  which  the  energy  necessary  for  contraction  is 
obtained. 

The  Formation  of  Lactic  Acid. — The  lactic  acid  that  is  present 
in  the  muscle  is  believed  to  be  increased  in  quantity  by  muscular 
activity.  Attention  was  first  called  to  this  point  by  du  Bois- 
Reynwnd,  who  showed  that  the  reaction  of  the  tetanized  muscle 
is  distinctly  acid,  while  that  of  the  resting  muscle  is  neutral  or 
slightly  alkaline.  This  fact  can  be  demonstrated  by  the  use  of 
Ktmus  paper,  but  perhaps  more  strikingly  by  the  use  of  acid  fuchsin.* 
If  a  solution  of  acid  fuchsin  is  injected  under  the  skin  of  a  frog  it 
is  gradually  absorbed  and  distributed  to  the  body  without  injuring 
the  tissues.  In  the  normal  media  of  the  body  this  solution  remains 
colorless  or  nearly  so.  If  now  one  of  the  legs  is  tetanized  the 
muscles  take  on  a  red  color,  showing  that  an  acid  is  produced  locally. 
The  supposition  generally  made  is  that  the  acidity  during  activity 
is  due  to  an  increased  production  of  sarcolactic  acid.  Experiments 
have  been  made  by  a  number  of  observers  to  determine  quantita- 
tively the  amoimt  of  lactic  acid  in  the  resting  and  the  worked 
muscle  respectively.  Several  have  stated  that  the  amount  is  act- 
ually less  in  the  worked  muscle;  others  have  found  an  increase. 
The  balance  of  evidence  seems  to  show  that  there  is  an  increased 
production,  but  that  this  increase  may  be  obscured  in  the  living 
animal  by  the  fact  that  the  acid  is  removed  by  oxidation  or  by 
the  circulating  blood.  This  conclusion  has  been  confirmed  in  a 
satisfactory  way  by  the  striking  experiments  of  Fletcher  and 
Hopkins.t  These  observers  have  shown  in  the  first  place  that 
injury  to  a  muscle  causes  a  production  of  lactic  acid,  and  that, 
therefore,  the  usual  method  of  determining  the  amount  of  this 
substance  in  supposedly  resting  muscle  has  given  fallacious 
results  owing  to  the  injury  inflicted  during  the  process  of  extrac- 
tion. By  the  adoption  of  a  new  method  they  have  avoided  this 
error,  and  they  find  that  in  resting  muscle  lactic  acid  exists  in 
traces  only  (0.03  per  cent.)  or  perhaps  is  absent  altogether. 
An  appreciable  amount  is  formed  when  the  excised  muscle  is 
]^dl  tetanized  (0.22  per  cent.),  also  after  injury,  and  especially 
in  the  development  of  rigor.  In  heat-rigor  a  maximum  yield 
of  0.3  to  0.5  per  cent,  is  obtained  in  the  frog's  muscle.  In  a 
muscle  removed  from  the  body  and  deprived,  therefore,  of  its 
supply  of  oxygen,  lactic  acid  develops  rapidly,  reaching  finally 
an  amount  equal  to  that  observed  in  heat-rigor.  As  long  as 
such  a  surviving  muscle  shows  irritability  toward  artificial  stim- 

*Dre8er,  '^Centralblatt  fur  Physiologie."  1,  195,  1887. 

t  Fletcher  and  Hopkins,  "Journal  of  Physiology/'  1907,  35,  247;  also 
J911, 12,  43,  286,  and  Embden,  et.  al.,  ^'Biochemische  Zeitschrift,"  1912,  45, 
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ulation,  lactic  acid  continues  to  form.  When  irritability  is  lost, 
no  further  production  of  acid  can  be  detected  and  the  muscle 
soon  goes  into  death-rigor.  On  the  contrary,  if  the  muscle  ia 
supplied  al)undantly  with  oxygen,  no  accumulation  of  lactic  acid 
can  be  detected.  It  is  evident  from  these  observations  tltat 
lactic  acid  is  formed  in  the  muscle  as  a  result  of  the  chemic^ 
changes  underlying  ctintraction,  and  also  of  the  changes  that 
occur  during  dying.  The  interpretation  of  this  fact  and  also 
of  the  further  fact  that  the  lactic  acid  does  not  appear  when 
oxygen  is  freely  supplied  to  the  muscle  is  surrounded  with 
difficulties  owing  to  our  hick  of  knowledge  of  the  chemical  reac- 
tions that  take  place.  The  simplest  exphmation  at  present  m 
that  the  lactic  acid  is  an  intcrnu^diary  product  formed  from 
the  sugar  by  enzyme  action,  and  that  it  subsequently,  in  the 
presence  of  oxygen,  undergoes  oxidation  under  the  influence 
of  other  enzymes.  From  this  j>oint  of  view  it  is  necessary  to 
assume  tliat  when  oxygen  is  freely  suppUed  to  an  excised  mujscle 
lactic  acid  does  not  accumulate,  because  it  is  removed  by  oxida- 
tion as  rapidly  as  it  is  formech  This  explanation  of  the  signif- 
icance and  origin  of  the  lactic  acid  agrees  very  well  with  the  fact 
that  in  the  contracting  muscle  glycogen  disappeai^  as  the  lactic 
acid  appears.  Much  uncertainty,  however,  prevails  in  regard 
both  to  the  innnediate  origin  and  the  fate  of  the  lactic  acid.  It  is 
stated  that  in  the  juice  s(]ueezetl  out  of  a  muscle  or  in  a  preparation 
of  minced  muscle  tiie  yield  of  lactic  acid  is  not  increased  by  adding 
sugar  to  the  mixture.  This  fact  is  against  the  hj-pothesis  that  the 
lactic  acid  is  produced  directly  from  sugar  under  the  influence  of 
enz>mies  containciJ  in  the  muscular  substance,  and  suggests 
rather  the  view^  that  the  acid  is  formed  from  some  as  yet  unknowTi 
substance.  It  is  possible,  of  course,  that  the  unknown  substance 
may  be  a  complex  containing  the  sugar,  Imt  while  this  suggestion 
mwts  the  facts  tis  they  stand  no  siich  complex  h;is  been  isolated. 
The  whole  question  must  be  left  open  until  further  facts  are 
obtained.  The  attempt  to  refer  the  energy  of  the  contraction  t-o 
the  liberation  by  chemical  reaction  of  the  ix>tential  energy  in  the 
sugar  molecule  Is  made  more  difficult  when  we  remember  that  the 
muscular  contraction  is  a  very  rapid  process.  The  chemical 
changes  that  take  place  must  occur  witli  exT>losive  rapidity,  and 
it  is  tlifficult  to  inuigine  that  they  consist  in  a  series  of  enz>Tne 
actions  following  one  upon  another* 

Chemical  Changes  during  Rigor  Mortis* — The  chemical 
changes  during  rigor  have  l>een  referred  to  alwve.  but  may  l>e 
sum  mart  zed  here  in  brief  form  : 

L  There  is  a  coagulation  of  the  protein  material  of  the  muscle 
plasma,  which  at  present  may  be  explained  by  supposing  that  the 
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contained  myosin  and  myogen,  spontaneously,  or  under  the  action 
of  acid  products  of  metabolism,  pass  into  their  insoluble  forms, — 
namely,  myosin  fibrin  and  myogen  fibrin. 

2.  There  is  an  increased  acidity,  due  doubtless  to  a  production 
of  lactic  acid. 

3.  There  is  a  production  of  COj.  Hermann,  in  his  original  ex- 
periments, asserts  that  in  rigor  there  is,  so  to  speak,  a  maximal 
production  of  CX),, — ^that  is,  all  of  the  material  in  the  muscle  capable 
of  yielding  CO,  is  broken  down  during  rigor.  The  amount  of  CO, 
given  off,  therefore,  by  a  resting  muscle  when  it  goes  into  rigor 
is  greater  than  in  the  case  of  a  worked  muscle,  since  in  the 
latter  some  of  the  material  capable  of  yielding  CO,  has  been  used 
up  during  contraction. 

4.  The  consumption  of  glycogen.  According  to  some  observers, 
glycogen  disappears  during  rigor  as  it  does  during  contraction; 
but  others  find  that  the  amount  is  not  changed  during  this  process. 

The  Relation  of  the  Chemical  Changes  during  Contraction 
to  Fatigue;  Chemical  Theory  of  Fatigue. — As  we  have  seen,  a 
muscle  kept  in  continuous  contraction  soon  shows  fatigue  ;  it 
relaxes  more  and  more  until,  in  spite  of  constant  stimulation,  it 
becomes  completely  imirritable.  We  may  define  fatigue,  there- 
fore, as  a  more  or  less  complete  loss  of  irritability  and  contractility 
brought  on  by  functional  activity.  But  even  when  the  fatigue  is 
complete  and  the  muscle  fails  to  respond  at  all  to  maximal 
stbulation,  a  very  short  interval  of  rest  is  sufficient  to  bring  about 
some  return  of  irritability.  For  a  complete  restoration  to  its 
normal  condition  a  long  interval  of  time  may  be  necessary.  If 
the  muscle  is  isolated  from  the  body  and  is  thus  deprived  of  its 
drculation  and  its  proper  supply  of  oxygen,  fatigue  appears 
more  rapidly  and  is  recovered  from  less  completely.  Ranke,* 
to  whom  we  owe  the  first  thorough  investigation  of  this  subject, 
^as  led  to  believe  that  as  a  result  of  the  chemical  changes  occur- 
nng  in  the  muscle  during  contraction  certain  substances  are 
formed  which  depress  or  inhibit  the  power  of  contraction.  In 
support  of  this  view  he  found  that  extracts  made  from  the 
fatigued  muscles  of  one  frog  when  injected  into  the  circulation 
of  another  fresh  frog  would  bring  on  the  appearance  of  fatigue 
^  the  latter.  Control  experiments  made  with  extracts  of 
unfatigued  muscles  gave  no  such  result.  He  designated  these 
inhibitory  products  as  fatigue  substances  and  made  experiments 
to  prove  that  they  consist  of  the  known  products  of  muscular 
metabolism,  namely,  lactic  acid  (or  the  lactates),  carbon  dioxid, 
Mid  possibly  also  acid  potassium  phosphate  (KH2PO4).     These 

♦  Ranke.  ^Tetanus,"  Leipzig,  1865. 
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results  have  been  confirmed  by  other  observers,*  and  we  may  aM 
cept,  therefore,  the  view  that  the  products  of  muscular  activityj( 
if  they  are  allowed  to  accumulate  in  the  nmsele,  serve  to  diminish 
or  suppress  it^  eontractility.  We  know  that  when  muscular  ac- 
ti\ity  is  prolonged,  or  is  carried  out  under  conditions  which  imply  a 
le?isened  supply  of  oxygen,  an  accumulation  of  some  of  these 
products  does  actually  occur.  It  is  possible,  of  course,  that 
other  intermediary  substances  are  formeil  which  may  have  a  simi- 
lar effect.  Thus  Weichardt  t  has  stated  that  muscular  eon- 
tractions  give  rise  to  a  definite  toxin,  derived  from  the  protein 
material  of  the  mitscle,  which,  in  his  opinion,  is  the  chief  agent 
in  causing  fatigue.  He  claims  to  have  isolated  this  fatigue 
toxin  (kenotoxin)  to  the  extent  at  least  of  having  freed  it  froi 
the  above-mentioned  fatigue  substances  of  Ranke.  Whi 
injected  into  the  circulation  of  a  fresh  animal,  it  brings  on  fatigui 
or  even  ileath.  Moreover,  by  injecting  it  in  suitalile  doses,  the 
body  may  form  an  antitoxin,  and  this  latter  substance,  when  given 
to  a  fresh  animal,  may  confer  upon  it  an  unusual  capacity  for 
performing  muscular  work.  It  is  not  ad\nsable,  however,  to 
accept  these  statements  until  the  facts  have  been  corrol>orated 
l>y  other  observers  and  further  experiments.  At  present  we  arai 
justified  only  in  laying  emphasis  upon  the  known  products  of  mu^ 
cular  metabolism,  particularly  the  lactic  acid,  or  the  lactates  whiehil 
may  l)e  formed  by  its  react icm  with  the  alkaline  salts  of  the  l>lood' 
and  lymph.  When  thi^e  substances  accumulate  in  the  muscle 
they  may  be  carried  off  in  the  blood  and  thus  influence  othefj 
organs.  On  such  a  supposition  we  may  exi>lain  the  fact,  brought 
out  by  ergographic  experiments,  that  marked  exercise  of  one  set 
of  muscles,  for  example,  those  of  the  legs  in  walking  or  cltmbing. 
may  chminish  the  amount  of  work  obtainable  from  other  unused 
muscles,  such  as  those  of  the  arms.  So  also  the  effect  of  muscular 
exercise  uix>n  the  rate  of  the  respiratory  movements  and  upon  the 
heart-rate  is  explained,  sus  we  shall  see,  in  a  simihir  way.  It  should 
be  added  that  Lee,}  confirming  an  older  observation  by  llanke, 
has  jjublisluHl  experiments  which  indicate  that  the  first  effect  of 
the  so-called  fatigue  suljstances  is  to  increase  the  irritability  oil 
the  muscle,  while  the  later  effect  is  to  diminish  the  irrital>ility  orj 
to  suppress  it  altogether.  In  this  initial  favoring  influence  Le^ 
finds  an  explanation  of  the  phenomenon  of  Treppe  (see  p,  35). 

*  Ia^,  '  Ammrati  Journal  of  Phvsioiog>%"  1907,  20,  170,  and  Burridge, 
*' Journal  of  PhyaioloKv,/'  1911.  41,  285. 

tWeichanh;'  Arehiv  f.  Amit.  u.  Physiol  (phveiol.  Ahth.)/'  1905,  219; 
also  ''Munnhimcr  iiuhI.  Wtx-henachrif t ,''  1904,  1905,  190ti 

t  For  (lisnisHiun  and  rx|M'rimpritf<,  .s<?e  Lee,  Harvey  I^^erturps,  1905-06» 
Phila<if"li»hia,  VMWi:  uIko  'Journal  of  tht^  Aniericnn  Mi'dical  Ansofiation/'  May 
19.  1906,  and  *\\uieri€an  Jourtial  of  Physiologj%**  18,  267,  1907. 
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After  the  appearance  of  complete  fatigue  a  muscle  shows  usually 
some  return  of  irritability  if  given  a  short  rest.  But  even  in  the 
case  of  a  muscle  in  the  body,  with  its  circulation  intact,  an  interval 
of  some  hours  is  required  before  it  regains  entirely  its  power  to 
perform  a  normal  amount  of  work.  It  seems  probable  that  the 
loss  of  power  to  do  work  is  referable  in  part  to  a  using  up  of  the 
supply  of  energy-yielding  material,  but  the  accumulation  of  the 
so^ed  fatigue-substances  is  doubtless  the  immediate  cause  of 
that  gradual  loss  of  irritability  which  we  usually  designate  as 
fatigue.  In  what  way  these  products  depress  the  irritability  and 
contractility  of  the  muscles  is  not  known. 

Theories  of  Muscle  Contraction. — It  is  generally  admitted  that  no 
theoiy  of  muscle  contraction  yet  proposed  is  satisfactory.  Such  a  theory 
ahould  explain  the  mechanism  by 
means  of  which  the  ^ortening  of 
the  muscle  is  produced,  the  nature 
of  tbe  energy  which  is  thus  trans- 
formed  into  mechanical  work,  and 
the  relation  of  this  energy  to  the 
chemical  reaction  that  takes  place 
in  the  stimulated  muscle.  The 
measurable  manifestations  of  en- 
wgy  which  are  -observed  in  the 
contracting  muscle  are  the  change 
in  electric  potential,  the  increased 
production  of  heat,  and  the  me- 
chanical work.  The  electrical 
change  is  a  fleeting  phenomenon 
'^hich  passes  rapidly  over  the 
muscle,  starting  from  the  point 
stimulated.  Whether  this  electrical 
change  is  simultaneous  with  the 
chemical  reaction  or  precedes  it 
cannot  be  stated  dcnnitely,  al- 
though simultaneous  records  indi- 
cate that  the  electrical  change 
begins  at  least  before  either  the 
mechanical  or  the  thermal  changes 
«m  be  recorded.  The  usual  point 
of  view  in  physiology  has  been  that 
the  chemical  change  caused  by  the 
stimulus  ^ves  origin  to  all  the 
forms  of  energy,  electrical,  mechan- 
jcai,  and  thermal,  which  are  ex- 
hibited by  the  contracting  muscle. 
If  we  assume,  for  example,  that  the 
chemical  reaction  in  question  con- 
sists in  the  oxidation  of  sugar  to 
^"^rtwn  dioxid  and  water,  then, 
whether  this  oxidation  is  immediate 

or  takes  place  through  a  number  of  stages,  the  final  result  will  be  that  a  certain 
proportion  of  the  potential  chemical  energy  in  the  molecule  of  sugar  becomes 
converted  to  kinetic  energy,  which  may  take  the  form  of  heat  or  of  heat  and 
work,  or  of  heat,  work,  and  electrical  energy,  and  the  special  problem  has  been 
to  determine  the  proportion  of  this  energy,  which  may  be  utilized  for  mechani- 
^  work  and  the  mechanism  through  which  this  transformation  is  effected. 
The  older  view  was  to  compare  the  muscle  to  a  heat  engine  in  which  the  poten- 


Fig.  27. — Engelmann's  artificial  muscle. 
The  artificial  muscle  is  represented  by  the 
eatffut  string,  m.  This  is  surrounded  by  » 
coil  of  platinum  wire,  w,  through  which  an 
electrical  current  may  be  sent.  The  catgut 
is  attached  to  a  lever,  h,  whose  fulcrum  is  at 
c.  The  catgut  is  immersed  in  a  beaker  of 
water  at  50**  to  55®  C,  and  "stimulated" 
by  the  sudden  increase  in  temperature  caused 
by  the  passage  of  a  current  through  the  coil. 
— (After  Enoelmann.) 
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tial  chemical  enrrgy  of  the  fu*^l  is  finnt  c^onvertec^  to  heiti  V>y  combustion,  ami 
then  by  appropriate  iiierhHni.sniw  a  portion  of  this  heat  eneriB^^  b  otiliied  to 
perform  me<*hanical  work,  Eiigehnann*  has  furnishMl  a  tipeeifie  hypothesiB 
of  this  eharaeter.  He  aissumei^  that  the  ehemieal  energj*  set  free  in  the  ma«icle 
takes  the  form  of  heat,  which  then  acts  upon  the  doubly  ref met ive  partirlee 
in  the  liim  bands  of  the  muscular  fibrillar  and  causes  theui  to  imbibe  water 
from  the  adjoininK  liKht  biindf^.  If  I  he  doubly  refractive  particlea  are  supposed 
to  have  a  Unear  shape,  then,  by  imbibition,  they  would  lend  to  assume  a  spheri- 
cal form,  and  thus  there  woiild  tw^eur  a  Khorteuing  along  one  diameter  and  an 
increfisc  alouR  tht*  djjunet er  at  right  rmgles,  such  as  occurs  in  the  contracting 
muscle.  As  the  muscle  cools  down  the  water  passes  back  into  the  light  bands 
and  the  phase  of  relaxation  takei?  place.     He  has  supported  this  hypothesis 


Fill.  2S. — Curve  of  ample  contraction  obtftin,<&d  train  ai*  artiticij»J  muscle.  The  ciun«> 
twin  of  tke  eiiniului»i  (ticatinK  effect  catiaed  by  tbe  current)  In  ehowD  by  the  break  in  tb« 
line  t)eneath  the  curve. 

by  mirroscopical  obaerv'^ations  upon  the  relations  of  the  dim  and  light  bands 
in  the  contracttxi  and  relaxc^i  fibrils  (p.  20),  and,  moremer,  has  const nict^ 
an  artificial  muscle  from  a  string  of  catgut  whieh^  working  on  this  prineiple, 
contfacls  when  heatitl  and  reia.xes  when  cooleti.  When  the  heating  occurs 
suddenly  this  mtHlel  |^iv»^  curves  of  contraction  itJentical  with  those  obtained 
from  plain  nmscle.  The  ajiparatus  is  illustrattHl  anrl  descrilx"d  in  Fig.  27, 
and  the  cune  i>f  eontrnction  obtained  from  it  is  shown  in  Fig.  2S.  The  under- 
lying principle  of  this  hypothesis  has  met  with  much  criticism.  Fick  t  has 
shown  at*parently  that  when  aoplicHJ  quantjlati%ely  to  the  work  done  by  muscle 
it  leads  to  an  imijossible  conclusion.  If,  in  a  reversible  ]>rneess,  at  atomper- 
attire  Tg,  a  <*erlain  f|Uantitv  of  heat,  C^„  is  convert e<l  to  mechanical  work,  it 
necessitati*«,  accrirdinij;  to  the  s*"cond  law  of  ThermodynamicSi  ihe  passage  of 
heat,  Q,  from  a  higher  temperature,  Tj  to  a  lower  t'Cmperatiire,  T„  in  accortlaoce 


with  the  equation,  Jf  "  Q  I  'p     ~   "r    f 


*  Engelmann,   '^ll'eber   den  Urspnmg  der  Muskelkraft/'  Leipiig,   1893; 
also  rfluger's  *\\j-chiv,"  1873,  7,  155. 

t  Fick-Pfliiger's  ":\rchiv.'^  189:3,  53,  606. 
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Since  experiments  have  shown  that  the  external  work  of  a  contracting  muscle 
may  be  equal  at  a  minimum  to  }  of  the  total  heat  energy  (Qo  ^  iQ))  the  equa- 
tion demands,  if  T,  -  37*  C.  and  To  -  T,.  that  T,,  the  temprature  to  which 
ti)efflU8cle  is  heated  ^all  be  114*0.    This  criticism  has  oecn  accepted  by 
most  authors  as  demonstrating  that  the  muscle  cannot  work  as  a  heat  engine 
hy  tnusforming  a  part  of  the  heat  of  the  chemical  reaction  to  work.    A  dilTeiv 
enoe  in  temperature  is  necessary  that  is  not  possible  in  the  case  of  muscle. 
Other  theones  have  been  proposed,  according  to  which  the  chemical  energy  is 
l^upposed  to  be  converted  mto  work  either  directly  (Fick)  or  through  a  change 
in  soifaoe  tension  or  electric  potential.     The  muscle  is  supposed  to  act  in  such 
theoticB  as  a  chemical  or  chemodynamic  engine.    The  surface-tension  theories 
Ittve  been  perhaps  the  ones  most  discussed  in  recent  years.    The  various 
fottDB  which  these  theories  have  taken  make  it  impossible  to  describe  them  in 
fcnenl  tenns.     Acoordinff  to   one  presentation  (Macallum*)  the  sarcous 
dements  (dim  bands)  may  oe  considered  as  having  interfaces  with  the  sarco- 
pUsm  aknc  the  lateral  pmnes  and  with  the  isotropic  substance  (light  bands) 
at  their  cnv^  at  which  surface  tension  exists.     If  the  results  of  the  chemical 
changw  villiiii  the  elements  are  such  as  to  cause  a  diminution  in  surface  ten- 
oon  along  the  latenl  walls,  or  an  increase  in  this  ener^  at  the  end  surfaces,  the 
dements  would  tend  to  change  from  a  cylinder  with  straight  to  one  with 
curved  klend  waOs,  and  this  change,  when  multiplied  by  the  total  number  of 
moQiii  ekmeoEta  in  the  muscle,  would  account  for  the  shortening.    The 
theoiy  k  defiriflnt  in  not  explidning  how  the  surface  energy  is  changed,  and 
ibo  in  &dling  to  give  an  approximate  quantitative  determination  of  the  total 
uDOunft  el  meehanical  energy  that  mi^t  be  obtained  in  this  way  from  the 
moMfe.    AeeovAng  to  calciUations  made  by  Bemstein,t  the  work  energy  ex- 
Ubited  bj  »  eontiacting  muscle  is  greater  than  can  be  accounted  for  by  prob- 
able dmnn  in  snrfaoe  tension. 


,   "Surface  Tension  and  Vital  Phenomena,"  University  of 

Toronto  SUidies,  Phymdogical  Series,  No.  8,  1912. 

tBemrtein-Pfltiga^s  '^rchiv,"  1901,  85,  271.    See  also  Berg,  "Biochemi- 
cal Bulletin,''  1912,2,  101. 
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THE  PHENOMENON  OF  CONDUCTION— PROPERTIES 
OF  THE  NERVE  FIBER. 

Conduction, — When  living  matter  is  excited  or  stimulated  in 
any  way  the  excitation  is  not  localized  to  the  point  act^d  upon^ 
but  is  or  may  be  propagated  throughout  its  substance.  This  prop- 
erty of  conducting  a  change  that  has  been  initiated  by  a  stimulus 
applied  locally  is  a  general  property  of  protoplasm,  and  is  exhib- 
ited in  a  striking  way  by  many  of  the  simplest  forms  of  life.  A 
light  touch,  for  instance,  applied  to  a  vorticella  will  cause  a  retrac- 
tion of  its  vibrating  cilia  and  a  shortening  of  its  stalk.  In  the  meet 
specialized  animals,  such  as  the  mammalia,  this  property  of  con- 
duction finds  its  greatest  development  in  the  nervous  tissue,  and 
indeed,  especially  in  the  axis  cylinder  processes  of  the  nerve  cells, 
the  so-called  nerve  fibers.  But  the  property  is  exhibited  also  to 
a  greater  or  less  extent  by  other  tissuas.  When  a  muscular  mass 
is  stimulated  at  one  point  the  excitation  set  up  may  be  propagated 
not  only  through  the  substance  of  the  cells  or  fibers  directly  affectedi 
but  from  cell  to  cell  for  a  considerable  distance.  In  the  he^art 
tissue  and  in  plain  muscle  it  has  i)een  shown  that  a  change  of 
this  sort  may  be  conducted  independently  of  the  phenomenon 
of  visible  contraction.  A  stimulus  applied  to  the  venous  end 
of  a  frog's  heartt  for  instance,  may;  under  certain  conditions, 
be  conducted  through  the  auricular  tissue  without  causing  in  it  a 
\dsible  change,  and  yet  arouse  a  contraction  in  the  ventricular 
muscle  (Engelmann).  Similarly,  it  can  be  shown  that  ciliary 
cells  can  convey  a  stimulus  from  cell  to  cell.  A  stimulus  applied 
to  one  point  of  a  field  of  ciliary  epithelium  may  set  up  a  change 
that  is  conveyed  as  a  ciliary  impulse  to  distant  cells.  The 
universality  of  this  pro|:)erty  of  conduction  in  the  simpler,  less 
dififerentiated  forms  of  life,  and  its  presence  in  some  form  in 
many  of  the  tissues  of  the  higher  forms  woukl  justify  the  as- 
sumption  that  the  underlying  cliange  is  essentially  the  same  in 
all  cases.  But  in  nerve  fibers  this  property  has  become  special- 
ized to  the  highest  degree,  and  in  this  tiasue  it  may  be  studied, 
therefore,  with  the  greatest  success  and  profit. 

Structure  of  the  Nerve  Fiber.— The  peripheral  nerve  fiber, 
as  we  find  it  in  the  nerve  trunks  and  nerve  plexuses  of  the  bmly, 
may  be  either  medullated  or  non-meduUated.  All  the  nerve  fibers 
that  arise  histologicall}'  from  the  nerve-cells  of  the  central  ner\'^ous 
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system  proper — the  brain  and  cord  and  the  outlying  sensory 
ganglia  of  the  cranial  nerves  and  the  posterior  spinal  roots — ^are 
medullated.  Tliese  fibers  contain  a  central  core,  the  axis  cylinder, 
which  is  usually  regarded  as  an  enormously  elongated  process  of 
the  nerve  cell  with  which  it  is  connected.  The  axis  cylinder  shows 
a  differentiation  into  fibrils  (neurofibrils)  and  interfibrillar  sub- 
stance (neuroplasm).  All  of  our  evidence  gpes  to  show  that  the 
axis  cylinder  is  the  essential  part  of  the  nerve  fiber  so  far  as  its 
property  of  conduction  is  concerned.  It  is  further  assumed  that 
the  neurofibrils  in  the  axis  cylinder  form  the  conducting  mech- 
anism rather  than  the  interfibrillar  substance.  Surrounding  the 
axis  cylinder  we  have  the  medullary  or  myelin  sheath,  varying 
much  in  thickness  in  different  fibers.  This  sheath  is  composed  of 
peculiar  material  and  is  interrupted  or  divided  into  segments  at  cer- 
tain intervals,  the  so-called  nodes  of  Ranvier.  Outside  the  myelin 
there  is  a  delicate  elastic  sheath  comparable  to  the  sarcolemma  of 
the  muscle  fiber  and  designated  as  the  neurilemma.  Lying  under 
the  neurilemma  are  found  nuclei,  one  for  each  intemodal  segment 
of  the  myelin,  surrounded  by  a  small  amoimt  of  granular  proto- 
plasm. The  non-meduUated  fibers  have  no  myelin  sheath.  They 
are  to  be  considered  as  an  axis  cylinder  process  from  a  nerve  cell, 
surrounded  by  or  inclosed  in  a  neurilemmal  sheath.  These  fibers 
arise  histologically  from  the  nerve  cells  found  in  the  outlying 
ganglia  of  the  body,  the  ganglia  of  the  sympathetic  system  and 
its  appendages. 

The  Function  of  the  Myelin  Sheath. — The  myelin  sheath  of 
the  cerebrospinal  nerve  fibers  is  a  structure  that  is  interesting  and 
peculiar,  both  as  regards  its  origin  and  its  composition.  Much 
speculation  has  been  indulged  in  with  regard  to  its  function,  but 
practically  nothing  that  is  certain  can  be  said  upon  this  point.  It 
has  been  supposed  by  some  to  act  as  a  sort  of  insulator,  preventing 
contact  between  neighboring  axis  cylinders  and  thus  insuring 
better  conduction.  But  against  this  view  it  may  be  urged  that 
we  have  no  proof  that  the  non-medullated  fibers  do  not  conduct 
equally  as  well.  The  view  has  some  probability  to  it,  however, 
for  we  must  remember  that  the  non-medullated  fibers  do  not  run 
^  large  nerve  trunks  that  supply  a  number  of  different  organs, 
and  therefore  in  them  a  provision  for  isolated  conduction  is  not  so 
necessary.  Moreover,  in  the  medullated  fibers  the  myelin  sheath 
^  loet  toward  its  peripheral  end  after  the  nerve  has  entered  the 
tissue  to  which  it  is  to  be  distributed,  indicating  that  its  function 
18  then  no  longer  necessary.  According  to  the  older  conceptions 
ol  the  process  of  conduction  in  nerve  fibers,  not  only  anatomical 
but  also  physiological  continuity  is  necessary.  Mere  contact  of 
living  axis  cylinders  would  not  enable  the  nerve  impulse  to  pass 
from  one  to  the  other.    The  newer  views,  included  in  the  so-called 
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neuron  theon%  assume  that  mere  contact  of  living,  entirely  normal 
nerve  substance  does  permit  an  excitatory  change  to  pass  from  one 
to  the  other,  so  that  it  is  not  impossible  that  the  myelin  sheath 
may  serve  to  prevent  one  axis  cyhnder  from  influencing  the  neigh- 
boring axis  cylinders  in  a  nerve  trunk. 

As  eotne  indcipncc  for  tliis  view,  attention  has  been  caUetJ  to  the  fact  that 
in  the  condition  known  as  multiple  or  insular  sclerosis  of  the  brain  and  cord 
the  axis  nylindersof  the  areaa  affect chI  remain  intact,  while  the  myelin  sheathfl 
are  d est  roved.  The  disturbances  of  co-ordination  accompanying  this  condi- 
tion may  oe  an  expression,  therefore,  of  a  loss  of  isolated  conduction. 

Others  have  supix>sed  that  the  myelin  sheath  serves  as  a  source 
of  nutrition  to  the  inclosed  axis  cylinder,  or  as  a  reguhitor  in  some 
way  of  its  metabolism.  No  fact  is  report-td  that  wouki  make  this 
suggestion  seem  probable,  except,  perhaps,  the  statement  that 
stimulation  of  a  nerve,  even  for  a  lirief  period,  causes  a  change 
in  the  appearance  of  the  neurokeratin  framework  found  in  the 
myelin  sheath.  The  ehange  consists  in  a  wndening  of  the  meshes 
(Stiibel*).  In  general,  it  is  found  that  the  myelin  sheath  is  larger 
in  those  fibers  that  have  the  longest  course;  the  size  of  the  sheath, 
in  fact,  increases  with  that  of  the  axis  cylinder.  It  is  known 
also  that  the  medullated  fibers  in  general  are  more  irritable  to 
artificial  stimuli  than  the  non-medullated  ones,  and  that  when 
induction  shocks  are  employed,  the  non-medullated  fibers  lose 
their  irritability  more  rapidly  at  the  |>oint  stimulated.  None 
of  these  facts  are  sufficient,  however,  to  indicate  the  probable 
function  of  the  myelin.  The  embryolo^cal  development  of  the 
sheath  also  fails  to  throw  light  on  it«  physiological  significance. 
For,  while  it  is  usually  supposed  that  the  axis  cylinder  itself  is 
simply  an  outgrowth  from  the  nerve  cell,  and  the  myelin  sheath 
arises  from  separate  mesoblastic  cells  which  surround  the  axis 
cylinder,  this  view,  so  far  as  the  myelin  is  concerned,  is  not  l:>eyond 
question,  and  the  study  of  the  process  of  regeneration  of  nerve 
fibers  indicates  that  the  actual  production  of  myelin  is  controlled 
in  some  way  by  the  functional  axis  cylinder.  The  axis  cylinder 
outgrowths  from  the  sympathetic  nerve  cells  found  in  the  ganglia 
of  the  s>TTipathetic  chain  and  io  the  peripheral  ganglia  generally 
of  the  body  are  usually  non-medullated,  although  apparently 
this  is  not  an  invariable  rule.  In  the  birds  all  such  fibers,  on  the 
contrary-,  are  medullated  (Langleyf).  Nothing  is  known  as  to 
the  conditions  that  determine  whether  a  nerve-filier  process  shall 
or  shall  not  be  surrounded  by  a  myelin  sheath. 

Chemistry  of  the  Nerve  Fiber. — Our  knowledge  of  the  chem- 
istry of  the  nerve  fibers  is  very  incomplete.     The  myelin  sheath 
is  composed  largely  of  bodies  to  which  the  genera!  name  of  "  lip- 
oids **  has  been  applied*     This  term  is  used  as  a  generic  name  for 
♦Stube!.  "Tf!iiKer'8  Arehiv/'  1912,  149,  L  *" 

t  Langley,  "Journtil  of  PhysioioK>%'*  30,  221,  1903;  20,  .V>,  1890, 
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those  constituents  of  living  cells  which  can  be  extracted  by  ether 
or  similar  solvents.  It  is  a  biological  rather  than  a  chemical 
tenn.  By  extraction  of  myelin  with  hot  alcohol  a  complex  phos- 
phorus-containing substance  known  as  protagon  may  be  obtained 
in  crystalline  form.  This  substance  is,  however,  believed  now  to 
be  a  mixture  rather  than  a  definite  chemical  individual.  The 
most  important  substances  isolated  from  the  myelin  are  lecithin 
(phosphatids),  cholesterin,  and  the  cerebrosides. 

LecUhin  (C44H9oNPO»)  is  a  waxy  hygroscopic  yellowish  sub- 
stance containing  about  4  per  cent,  of  phosphorus.  When  de- 
composed by  the  action  of  alkaUes  it  yields  as  spUt  products 
glycerophosphoric  acid,  a  nitrogenous  base,  cholin  (C5H15NO2), 
and  some  of  the  higher  fatty  acids,  such  as  oleic,  palmitic,  or 
stearic.  It  is  probable  that  there  are  a  number  of  different 
lecithins  varying  somewhat  in  their  composition,  for  instance, 
in  the  character  of  the  fatty  acid  contained  in  the  molecule. 
The  lecithins  constitute  one  member  of  a  larger  group  known  as 
phosphatids,  which  are  characterized  by  the  presence  of  both 
phosphorus  and  nitrogen.  They  are  widely  distributed  in  the 
tissues  and  liquids  of  the  body,  but  are  especially  characteristic 
of  the  white  matter  of  the  nervous  system.  They  combine  easily 
with  other  substances,  such  as  proteins,  glucosides,  etc.,  and  it  is 
probable  that  lecithin  exists  in  some  such  combination  in  the 
myelin.  The  decomposition  of  the  lecithin  referred  to  above 
occurs  ui  the  body  when  nerves  undergo  degeneration.  The 
presence  of  the  fatty  acid  liberated  under  such  circumstances  is 
demonstrated  by  the  well-known  reaction  with  osmic  acid  used  to 
detect  degenerated  nerve  fibers,  while  the  existence  of  cholin  has 
been  shown  by  Halliburton*  in  the  liquids  of  the  body,  not  only 
after  nerve-degeneration  produced  by  experimental  lesions,  but 
in  the  case  of  degenerative  diseases  of  the  nervous  system. 

Choksterin  or  cholesterol  (C27H4eO)  is  a  white  crystalline  sub- 
stance containing,  as  its  formula  shows,  neither  nitrogen  nor  phos- 
phorus. It  is  widely  distributed  among  the  tissues  of  the  body, 
and  in  an  isomeric  form,  phytocholesterin,  occurs  also  in  plants. 
In  the  animal  body  it  is  especially  abundant  in  the  white  matter 
of  the  nerves.  The  chemical  nature  of  cholesterin  has  long  been  a 
Daatter  of  uncertainty,  but  recent  work  indicates  that  it  belongs 
to  the  group  of  "terpenes"  heretofore  supposed  to  be  confined 
to  the  plant  kingdom.     It  is  given  the  formula— 

(CH,),  -  CH  -  CH,  -  CH,  -  Q^Hm  -  CH  =  CH, 
CH,/)>CH, 
CHOH 

uv  v^^'burton,  "British  Medical  Journal,"  1907,  May  4  and  11.    Also 
rolia  Neuro-Biologica,"  1907,  i.,  38,  and  "Biochemistry  of  Muscle  and 
^crve,"  Philadelphia,  1904. 
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The  fact  that  lecithin  and  cholestcrin  usually  occur  together 
has  suggested  that  they  have  some  physiological  connection.  It 
has  been  supposed,  for  example,  that  they  act  as  a  check  upon  each 
other.  Lecithin  under  certain  conditions  favors  hemolysis  of  red 
corpuscles,  or  the  action  of  hpase  on  fat,  while  cholesterin  inhibitfi 
both  of  these  activities.  No  application  of  this  antagonistic  rela- 
tionship is  possible  at  present  in  the  case  of  the  myelin  sheath. 

CerebrosideB  or  Cerehrogal^clomdes. — This  name  is  given  to  a 
group  of  bodies  containing  nitrogen,  but  no  phosphorus.  In  the 
myelin  they  are  found  in  connection  with  and  possibly  in  com* 
bination  ^ith  the  lecithin.  They  belong  to  the  group  of  glucosides, 
that  is,  on  hydrolylic  decomposition  they  give  rise  t-o  a  carbo- 
hydrate group,  in  this  case  galactose.  Fatty  acids  and  a  nitrogenous 
base  also  result  from  this  decomposition*  The  cerebroside  material 
obtained  from  the  white  matter  has  been  named  specifically 
cercbrin  or  phrenosinj  but  little  is  known  of  its  exact  structure. 

Union  of  Nerve  Fillers  into  Nerves  or  Nerve  Trunks. — The 
assembling  of  nerve  fibers  into  larger  or  smaller  nerve  trunks  re- 
sembles histologically  the  combination  of  muscle  fibers  to  form  a 
muscle.  Physiologically,  however,  there  is  no  similarity.  The 
various  fibers  in  a  muscle  act  together  in  a  co-ordinated  way  as  a 
physiological  unit.  On  the  other  hand,  the  hundreds  or  thou- 
sands of  nerve  fibers  found  in  a  nerve  may  form  groups  which  are 
entirely  independent  in  their  physiological  activity*  In  the 
vagus  nerve,  for  instance,  we  have  nerve  fibers  running  side  by 
side,  some  of  which  supply  the  heart,  some  the  nmscles  of  the 
larynx,  some  the  muscles  of  the  stomach  or  intestines,  some  the 
glands  of  the  stomach  or  pancreas,  and  bo  on.  Nerves  are» 
therefore,  anatomical  units  simply,  containing  groups  of  fibers 
which  have  very  different  activities  and  which  may  function 
entirely  independently  of  one  another.  As  a  nerv^^trunk  is  con- 
stituted it  consists  chiefly  of  the  connective  tissue  binding  the 
fibers  together.  It  is  estimated  (Ellison)  that  in  the  metlian  nerve 
the  connective  tissue  forms  63  per  cent,  of  the  whole  trunk,  while 
myelin  sheaths  make  up  28  per  cent.,  and  the  axis  cylinders  only 
9  per  cent. 

Afferent  and  Efferent  Nerve  Fibers,— The  older  physiologists 
believed  that  one  and  the  same  nerv^e  or  ner\^e  fiber  might  conduct 
sensor>^  impulses  toward  the  central  nerv^ous  system  or  motor  im- 
pulses from  the  central  nervous  system  to  the  peripheTy,  Bell  and 
Magendie  succeeded  in  establishing  the  great  truth  that  a  nerve 
fiber  cannot  be  both  motor  and  sensor>\  Since  their  time  it  has 
been  reeogmzed  that  we  must  divide  the  ner\^e  fibers  connected 
with  the  centml  nervous  system  into  two  great  groups:  the  efferent 
fibers^  which  carrj^  impulses  outwardly  from  the  nervous  system 
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to  the  peripheral  tissues,  and  the  afferent  fibers,  which  carry  their 
impulses  inwardly, — that  is,  from  the  peripheral  tissues  to  the 
nerve  centers.  Under  normal  conditions  the  afferent  fibers  are 
stimulated  only  at  their  endings  in  the  peripheral  tissues,  in  the 
skin,  the  mucous  membranes,  the  sense  organs,  etc.,  while  the 
efferent  fibers  are  stimulated  only  at  their  central  origin, — ^that 
is,  through  the  nerve  cells  from  which  they  spring.  The  difference 
in  the  direction  of  conduction  depends,  therefore,  on  the  anatomical 
fact  that  the  efferent  fibers  have  a  stimulating  mechanism  at  their 
central  ends  only,  while  the  afferent  fibers  are  adapted  only  for 
stimulation  at  their  peripheral  ends. 

Classification  of  Nerve  Fibers. — In  addition  to  this  funda- 
mnital  separation  we  may  subdivide  peripheral  nerve  fibers  into 
smaller  groups,  making  use  of  either  anatomical  or  physiological 
differences  upon  which  to  base  a  classification.  For  the  purpose 
here  in  view  a  classification  that  is  physiological  as  far  as  possible 
nems  preferable.  In  the  first  place,  experimental  physiology  has 
shown  that  the  effect  of  the  impulse  conveyed  by  nerve  fibers  may 
be  either  exciting  or  inhibiting.  That  is,  the  tissue  or  the  cell 
to  which  the  impulse  is  carried  may  be  thereby  stimulated  to  ac- 
tivity, in  which  case  the  effect  is  excitatory,  or,  on  the  contrary, 
it  may,  if  already  in  activity,  be  reduced  to  a  condition  of  rest  or 
lessened  activity;  the  effect  in  this  case  is  inhibitory.  Many 
physiologists  believe  that  one  and  the  same  nerve  fiber  may  cany- 
excitatory  or  inhibitory  impulses,  but  in  some  cases  at  least  we 
have  positive  proof  that  these  functions  are  discharged  by  separate 
fibers.  We  may  subdivide  both  the  afferent  and  the  efferent  sys- 
tems into  excitatory  and  inhibitory  fibers.  Each  of  these  sub- 
groups again  falls  into  smaller  divisions  according  to  the  kind  of 
activity  it  excites  or  inhibits.  In  the  efferent  system,  for  instance, 
the  excitatory  fibers  may  cause  contraction  or  motion  if  they  ter- 
minate in  muscular  tissue,  or  secretion  if  they  terminate  in  glandu- 
lar tissue.  For  convenience  of  description  each  of  the  groups  in 
turn  may  be  further  classified  according  to  the  kind  of  muscle  in 
^hich  it  ends  or  the  kind  of  glandular  tissue.  In  the  motor  group 
^  speak  of  vasomotor  fibers  in  reference  to  those  that  end  in  the 
plain  muscle  of  the  walls  of  the  blood-vessels;  visceromotor  fibers, 
those  ending  in  the  muscular  tissue  of  the  abdominal  and  thoracic 
^'Jsoera;  pilomotor  fibers,  those  ending  in  the  muscles  attached  to 
^  hair  follicles.  The  classification  that  is  suggested  in  tabular 
form  below  depends,  therefore,  on  three  principles:  first,  the  direc- 
tion m  which  the  impulse  travels  normally;  second,  whether  this 
Impulse  excites  or  inhibits;  third,  the  kind  of  action  excited  or 
Wiibited,  which  in  turn  depends  upon  the  kind  of  tissue  in  which 
Ibe  fibers  end. 
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That  the  final  action  of  a  peripheral  nerve  fiber  is  determined 

by  the  tissue  in  which  it  ends  rather  than  by  the  nature  of  the 
nerve  fiber  itself  or  the  nature  of  the  impulse  that  it  carries  is  indi- 
cated strongly  by  the  regeneration  ex|>eriments  made  by  l^angley.^ 
For  instance,  the  chorda  tymjMini  nen^e  contains  fibers  which  cause 
a  dilatation  in  the  blood-vessels  of  the  submaxillary^  gland,  while 
the  cervical  sympathetic  contains  fillers  which  cause  a  constriction 
of  the  vessels  in  the  same  gland-  If  the  lingual  nerve  (containing 
the  chorda  tynipani  iibei-s)  is  divided  and  the  central  end  is  sutured 
to  the  peripheral  end  of  the  severed  cervical  sympathetic,  the 
chorda  fibers  will  grow  along  the  paths  of  the  old  constrictor  fil>ers 
of  the  s}  mjmthetic.  If  time  is  given  for  regeneration  to  take  place, 
stimulation  of  the  chorda  now  causes  a  constriction  in  the  vessels. 
The  experiment  can  also  be  reversed.  That  Is,  by  suturing 
the  central  end  of  the  cervical  sympathetic  to  the  ]_>eripheral  end 
of  the  divided  hngual  the  fibers  of  the  former  grow  along  the  paths 
of  the  old  dilator  fibers,  and  after  regeneration  has  taken  place 
stimulation  of  the  sympathetic  causes  dilatation  of  the  blood- 
vessels in  the  gland.  These  results  are  particularly  instructive,  as 
vasoconstriction  is  an  example  of  the  excitatory  effect  of  the  nerv-e 
impuke,  bcuig  the  result  of  a  contraction  of  the  circular  mtiscles 
in  the  vessels,  while  vasodilatation  is  an  example  of  inhibitory 
action  J  being  due  to  an  inhibition  of  the  contraction  of  the  same 
muscles.  Yet  ob\iously  these  two  opposite  effects  are  determined 
not  by  the  nature  of  the  nerve  filjers,  but  by  their  place  or  mode 
of  endmg  in  the  gland. 

Separation  of  the  AJfereot  and  Efferent  Fibers  in  the  Roots 
of  the  Spinal  Nerves  *^According  to  the  Bell-Magendie  discoverv', 

♦  Langluy,  **  Journal  of  Phyaiology/'  23,  240,  1898;  ihid,,  30,  4m,  1904; 
''Proceedings  Royal  Society/*  73,  1904. 
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the  motor  fibers  to  the  voluntary  muscles  emerge  from  the  spinal 
cord  in  the  anterior  roots,  while  the  fibers  that  give  rise  to  sensa- 
tions enter  the  cord  through  the  posterior  roots.  These  facts  have 
been  demonstrated  beyond  all  doubt.  Magendie  discovered  an 
apparent  exception  in  the  phenomenon  of  recurrent  sensibility. 
When  the  anterior  root  is  severed  and  its  peripheral  end  is  stimu- 
lated only  motor  effects  should  be  obtained.  Magendie  observed, 
however,  upon  dogs  that  in  certain  cases  the  animals  showed  signs 
of  pain.  This  apparent  exception  to  the  general  rule  was  after- 
ward explained  satisfactorily.  It  was  shown  that  the  fibers  in 
question  do  not  really  belong  to  the  anterior  root, — that  is,  they  do 
not  emerge  from  the  cord  with  the  root  fibers;  they  are,  in  fact, 
sensory  fibers  for  the  meningeal  membranes  of  the  cord  which 
are  on  their  way  to  the  posterior  roots  and  which  enter  the  cord 
with  the  fibers  of  the  latter.  Since  the  work  of  Bell  and  Magendie 
it  has  been  a  question  whether  their  law  applies  to  all  afferent  and 
efferent  fibers  and  not  simply  to  the  motor  and  sensory  fibers  proper. 
The  experimental  evidence  upon  this  point,  as  far  as  the  mammals 
are  concerned,  has  accumulated  slowly.  Various  authors  have  shown 
that  stunulation  of  the  anterior  roots  of  certain  spinal  nerves  may 
cause  a  constriction  of  the  blood-vessels,  an  erection  of  the  hairs 
(stimulation  of  the  pilomotor  fibers),  a  secretion  of  sweat,  and  so 
on,  while  stimulation  of  the  posterior  roots  in  the  same  regions  is 
without  effect  upon  these  peripheral  tissues.  One  apparent  excep- 
tion, however,  has  been  noted.  A  number  of  observers  have  found 
that  stimulation  of  the  peripheral  end  of  the  divided  posterior 
roots  (fifth  lumbar  to  first  sacral)  causes  a  vascular  dilatation  in 
the  hind  limb.  The  matter  has  been  particularly  investigated  by 
Bayliss  *  who  gives  imdoubted  proof  of  the  general  fact.  At  the 
same  time  he  shows  that  the  fibers  in  question  are  not  efferent 
fibers  from  the  cord  passing  out  by  the  posterior  instead  of  the  an- 
terior roots.  This  is  shown  by  the  fact  that  they  do  not  degenerate 
when  the  root  is  cut  between  the  ganglion  and  the  cord,  as  they 
should  do  if  they  originated  from  cells  in  the  cord.  Bayliss's  own 
explanation  of  this  curious  fact  is  that  the  fibers  in  question  are 
ordinary  afferent  fibers,  but  that  they  are  capable  of  a  double  ac- 
tion: they  can  convey  sensory  impulses  from  the  blood-vessels  to 
the  cord  according  to  the  usual  type  of  sensory  fibers,  but  they 
can  also  convey  efferent  impulses,  antidromic  impulses  as  he  desig- 
nates them,  to  the  muscles  of  the  blood-vessels.  In  other  words, 
for  this  special  set  of  fibers  he  attempts  to  re-establish  the  view 
held  by  physiologists  before  the  time  of  Bell, — ^namely,  that  one 
and  the  same  fiber  transmits  normally  both  afferent  and  efferent 
"npulses.  An  exception  so  peculiar  as  this  to  an  otherwise  general 
rule  cannot  be  accepted  without  hesitation.  It  is  possible  that 
•Baylias,  "Journal  of  Physiology,"  26,  173,  1901,  and  28,  276,  1902. 
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future  work  may  give  an  explanation  less  opposed  to  current  \iews 
than  that  ofTered  by  Bayliss, 

Cells  of  Origm  of  the  Anterior  and  Posterior  Root  Fibers.— 

The  efferent  fibers  of  the  anterior  root  arise  as  axons  or  axis  cyEnder 
processes  from  nen^e  cells  in  the  gray  matter  of  the  cord  at  or  near 
the  exit  of  the  root.  The  motor  fibers  to  the  voluntary  musclea 
arise  from  the  large  celts  of  the  anterior  horn  of  gray  matter;  the 
fibers  to  the  plain  miisele  and  glands,  autonomic  fibers  according 
to  Langley's  nomenclature,  take  their  origin  from  spindle-shaped 
nerve  cells  lying  in  the  so-called  lateral  liorn  of  the  gray  matter  * 
According  to  the  accepted  belief  regarding  the  nutrition  of  ner\'e 
fibers,  any  section  or  lesion  involving  these  portions  of  the  gray  mat- 
ter or  the  anterior  root  ^\'i\\  be  followed  by  a  complete  tlegeneration 
of  the  efferent  fibers.  In  the  case  of  the  fibers  to  the  voluntary 
muscles  this  degeneration  will  extend  to  the  muscles  and  include 
the  end-plates.  In  the  case  of  the  aiit^moniic  fillers  tlie  degenera- 
tion will  extend  to  the  peripheral  ganglia  in  which  they  tenninate, 
involving,  therefore,  the  whole  extent  of  what  is  called  the  pre- 
ganglionic fiber  (see  the  chapter  on  the  autonomic  nen^es  and  the 
Bympathetic  system).  The  posterior  root  fibers  have  their  origin 
in  the  nerve  cells  contained  in  the  posterior  root  ganglia.  These 
cells  are  unipolar,  the  single  process  given  off  being  an  axis  cylinder 
process  or  axon.  It  divides  into  two  branches,  one  passing  into 
the  cord  by  way  of  the  posterior  root,  the  other  toward  the  periph- 
eral tissues  in  the  corresponding  spinal  nervT  in  which  the}'  form  the 
peripheral  sensory  nerve  fibers.  It  follows  that  a  section  or  lesion 
of  the  posterior  root  will  result  in  a  degeneration  of  the  branch 
entering  the  cord,  this  branch  having  been  cut  off  from  its  nutri- 
tive relationsnip  with  it^  cells  of  origin.  The  degeneration  will  in- 
volve the  entire  length  of  the  branch  and  its  collaterals  to  their 
terminations  among  the  dendrites  of  other  spinal  or  bulbar  neurons 
(see  the  chapter  on  the  spinal  cord).  After  a  lesion  of  this  sort 
the  stump  of  the  posterior  root  that  remains  in  connection  with 
the  post<Tior  root  ganglion  maintains  its  normal  structure.  On  the 
other  hand,  a  section  or  lesion  involving  the  spinal  ners^e  wall  be 
followed  by  a  degeneration  of  all  the  fibers,  efferent  and  afferent, 
lying  to  the  peripheral  side  of  the  lesion,  since  these  fibers  are  cut 
off  from  connection  with  their  cells  of  origin^  while  the  fibers  in  the 
central  stump  of  the  divided  ner\'e  will  retain  their  norma!  st  mcture. 
Afferent  and  Efferent  Fibers  in  the  Cranial  Nerves,— The 
first  and  second  cranial  nerves,  the  olfactory-  and  the  optic,  contain 
only  afferent  fihc^rs,  ^\'hich  arise  in  the  former  nerve  from  the  olfac^ 
tor>^  epithelium  in  the  nasal  cavity,  in  the  latter  from  the  nerve 
cells  in  the  retina.  The  third,  fourth,  and  sixth  nerv^es  contain 
only  efferent  fibers  which  arise  from  the  nerve  cells  constituting 
♦Herring,  ^'  Jounml  of  Physiology/*  29,  282,  1903. 
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their  nuclei  of  origin  in  the  midbrain  and  pons.  The  fifth  nerve 
resembles  the  spinal  nerves  in  that  it  has  two  roots,  one  containing 
afferent  and  the  other  efferent  fibers.  The  efferent  fibers,  consti- 
tuting the  small  root,  arise  from  nerve  cells  in  the  pons  and  mid- 
brain, the  afferent  fibers  arise  from  the  nerve  cells  in  the  Gasserian 
ganglion.  This  ganglion,  being  a  sensory  ganglion,  is  constituted 
like  the  posterior  root  ganglia.  Its  nerve  cells  give  off  a  single 
process  which  divides  in  T,  one  branch  passing  into  the  brain  by  way 
of  the  large  root,  while  the  other  passes  to  the  peripheral  tissues  as  a 
Bensoiy  fiber  of  the  fifth  nerve.  The  seventh  nerve  may  also  be 
homologized  with  a  spinal  nerve.  The  facial  nerve  proper  consists 
of  only  efferent  fibers,  which  arise  from  nerve  cells  constituting 
its  nucleus  of  origin  in  the  pons.  The  geniculate  ganglion,  attached 
to  this  nerve  shortly  after  its  emergence,  is  similar  in  structure  to 
the  Gasserian  or  a  posterior  root  ganglion.  Its  nerve  cells  send  off 
processes  which  divide  in  T  and  constitute  afferent  fibers  in  the 
8o^5alled  nervus  intermedins  or  nerve  of  Wrisberg.  The  eighth 
nerve  consists  only  of  afferent  fibers  which  arise  from  the  nerve 
cells  in  the  spiral  ganglion  of  the  cochlea,  cochlear  branch,  and  from 
those  constituting*  the  vestibular  or  Scarpa's  ganglion,  the  vestibu- 
lar branch.  Both  of  these  ganglia  are  sensory,  resembling  the 
posterior  root  ganglia  in  structure.  The  ninth  nerve  is  also  mixed, 
the  efferent  fibers  arising  from  the  motor  nucleus  in  the  medulla, 
*hile  the  sensor^'-  fibers  arise  in  the  superior  and  petrosal  ganglia 
found  on  the  nerve  at  its  emergence  from  the  skull.  The  tenth  is  a 
mixed  ner\'e,  its  efferent  fibers  arising  in  motor  nuclei  in  the  me- 
dulla, the  afferent  fibers  in  the  nerve  cells  of  the  ganglia  lying  upon 
the  trunk  of  the  nerve  at  its  exit  from  the  skull  (ganglion  jugulare 
and  nodosum).  The  eleventh  and  twelfth  cranial  nerves  contain 
only  efferent  fibers  that  arise  from  motor  nuclei  in  the  medulla. 

It  will  be  seen  from  these  brief  statements  that  in  all  the  nerve 
trunks  of  the  central  nervous  system — that  is,  the  spinal  and  th© 
wanial  nerves — the  cells  of  origin  of  the  efferent  fibers  lie  within 
the  gray  matter  of  the  brain  or  cord,  while  the  cells  of  origin  of  the 
afferent  fibers  lie  in  sensory  ganglia  outside  the  central  nervous 
system,— namely,  in  the  posterior  root  ganglia  for  the  spinai 
nerves,  m  the  ganglion  semilunare  (Gasseri),  the  g.  geniculi,  the 
g.  spirale,  the  g.  vestibulare,  the  g.  superius  and  g.  petrosum  of  the 
glossopharyngeal,  and  the  g.  jugulare  and  g.  nodosum  of  the  vagus. 
Iljese  various  sensory  ganglia  attached  to  the  cranial  nerves  corre- 
^nd  essentially  in  their  structure  and  physiology  vnth  the  posterior 
root  ganglia  of  the  spinal  nerves. 

Independent  Iiritability  of  Werve  Fibers. — Although  the 
J^erve  fibers  under  normal  conditions  are  stimulated  only  at  their 
ends,  the  efferent  fibers  at  the  central  end,  the  afferent  at  the 
peripheral  end,  yet  any  nerve  fiber  may  be  stimulated  by  artificial 
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meann  at  any  point  in  its  course.  Artificial  stimuli  capable 
affecting  the  nerve  fiber— that  is,  capable  of  generating  in  it  a  nen 
Impulse  which  then  propagates  it-8elf  along  the  fiber — may  be  divide 
Into  the  foliowing  groups: 

1.  Chemical  stimiUi.  Various  chemical  reagents,  when  appEt 
directly  to  a  nen'e  trunk,  excite  the  ner\'e  fibers.  Such  reagen 
are  concentrated  solutions  of  the  neutral  salts  of  the  alkalies,  acid 
alkalies,  glycerin,  etc.  This  method  of  stimulation  is  not,  howevc 
of  nnif  h  practical  value  in  experimental  work,  since  it  is  difllicult  i 
impossible  to  control  the  reaction* 

2.  Mecfmniad  stimuli.  A  blow  or  pressure  or  a  mechanical  i 
jur>'  of  any  kind  applied  to  a  nerve  tnmk  also  excites  the  fibei 
This  method  of  stimulating  the  fibers  is  also  difficult  to  contr 
and  has  had,  therefore,  a  limited  application  in  experimental  wor 
The  mechanical  stimulus  is  essentially  a  pressure  stimulus,  and  tl 
difliculty  lies  in  controlling  this  pressure  so  titat  it  shaU  not  actual 
destroy  the  nerve  fitier  by  rupturing  the  delicate  axis  cyKndf 
Various  instnmients  have  been  devised  by  means  of  w^hieh  lig 
blows  uuiy  be  given  to  the  nerve,  sufficient  to  arouse  an  impub 
but  insufficient  to  permanently  injure  the  fibers.  The  results  o 
tained  by  this  method  have  been  %er>'  valuable  in  physiolog>'  as  co 
tnils  for  the  experiments  made  b}*  the  nsual  method  of  electric 
etimulntion.  It  may  be  mentioned  also  that  under  certain  cone 
tions^for  instance,  at  one  stage  in  the  regcnenktion  of  injun 
nerve  fibers  mechanical  stimuli  may  be  more  effective  thi 
elect rieab  that  is,  may  stimulate  the  nerve  fiber  when  electric 
slinmli  totally   fail  to  do  so. 

3«  Thermal  dimtdu  A  sudden  change  in  temperature  nu 
stimulate  the  nerve  fibeiB*  This  method  of  stimulation  is  vei 
ijirlfective  for  !uotor  fillers,  only  ver>'  extreme  and  sudden  change 
such  as  may  bo  obtained  by  applying  a  heated  wire  directly 
the  ner\'e  trunk,  are  capable  of  so  stimulating  them  as  to  produ 
a  muscular  contraction.  Ou  the  other  hand,  the  sensory  nesT 
fillers  are  quite  sensitive  to  changes  of  temperature.  If  a  ner 
tnmk  in  ft  man  or  animal  is  suddenly  cooKi,  or  especially  if  it 
suddenly  heated  to  60**  to  70**  C,  >nolent  pam  results  from  t] 
stimulaiion  of  the  sensorv^  fibers  in  the  trunk,  while  the  moi 
fibers  ai^  apparently  not  acted  upon.  We  have  in  this  fact  oi 
of  several  liilTerencea  in  reaction  between  motor  and  senson^  fibc 
whieh  have  been  noted  fn>m  time  to  time,  and  which  seem  i 
indicate  that  there  is  some  difference  in  structure  or  irritabilil 
betwreen  them. 

4.  EiMrkd  tiimulL  Some  fonn  of  the  electrical  current  is  b 
mud  qwstioa  ibe  mo6leSeeii%^  ami  canvenimt  means  of  stimula 
tog  nerve  ftbeis.  We  mi^v employ  dther  the  galvanie  eunent^^thi 
is,  the  ciirTrni  takwi  dirwll\*  from  a  halten*— or  the  induced  cture 
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from  the  secondary  coil  of  an  induction  apparatus  or  the  so-called 
static  electricity  from  a  Leyden  jar  or  other  source.  In  most  experi- 
mental work  the  induced  current  is  used.  The  terminal  wires  from 
the  secondary  coil  are  connected  usually  with  platinum  wires  im- 
bedded in  hard  rubber,  forming  what  is  known  as  a  stimulating  elec- 
trode. (See  Fig.  29.)    By  this  means  the  platinum  ends  which  now 


Rg.  29.— Stimulating  (catheter)  eleotrodee  for  nerves:  b.  Binding  posts  for  attaohment 
df  Vint  from  the  seooodary  ooU;  «•  insulating  sheath  of  hard  rubber;  p,  platinum  points 
hid  opoDths  nerve. 

fonn  the  electrodes,  anode  and  cathode,  can  be  placed  close  together 
upon  the  nerve  trunk,  and  the  induced  current  passing  from  one  to 
the  other  through  a  short  stretch  of  the  nerve  sets  up  at  that  point 
nerve  impulses  which  then  propagate  themselves  along  the  nerve 
fibers,  llie  induction  current  is  convenient  because  of  its  intensity, 
which  overcomes  the  great  resistance  offered  by  the  moist  tissue;  be- 
cause of  its  very  brief  duration,  in  consequence  of  which  it  acts  as  a 
dttip,  quick,  single  stimulus  or  shock,  and  because  of  the  great  ease 
with  which  it  may  be  varied  as  to  rate  and  as  to  intensity.  On 
account  of  the  very  brief  duration  of  the  induced  current  it  is  dif- 
ficult to  distinguish  between  the  effects  of  its  opening  and  closing. 

The  Stimulation  of  the  Nerve  by  the  Galvanic  Current.— When 
however,  we  employ  the  galvanic 
current,  taken  directly  from  a  bat- 
tery, as  a  stimulus,  we  can,  of 
course,  allow  the  current  to  pass 
through  the  nerve  as  long  as  we 
please  and  can  thus  study  the  effect 
of  the  closing  of  the  current  as 
distinguished  from  that  of  the  open- 
ing, or  the  effect  of  duration  or 
direction  of  the  current,  etc. 

Du  Bais-ReymoruPa  Law  of  Stimr 
yteion.— When  a  galvanic  current 
is  led  mto  a  motor  nerve  it  is 
found,  as  a  rule,  that  with  all 
juoderate  strengths  of  currents  there 
is  a  stimulus  to  the  nerve  at  the 
UH)ment  it  is  closed,  the  making  or 
dosing  stimulus,  and  another  when 
the  current  is  broken,  the  breaking 
or  opening  stimulus,  while  during 
the  passage  of  the  current  through  the  nerve  no  stimulation  takes 


the 


Fig.  30. — Schema  of  the  arrani 

ment  of  apparatus  for  stimulating  t 

nerve  by  a  galvanic  current:  b.  The 
battery;  k,  the  key  for  opening  and 
closing  the  circuit;  e,  the  commutator 
for  reversing  the  direction  of  the  cur- 
rent; +  the  anode  or  positive  pole; 
—  the  cathode  or  negative  pole. 
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place:  the  muscle  remains    reiaxtMl.     We  mixy  express  this  far& 
by  saying  that  the  motor  nerve  fif>ers  are  stimylated  by  the  mak — 
ing  and  the  breaking  of  the  current  or  by  any  sudden  change 
in  its  intensity,  but  remain  uiLstunulated  during  the  passage  of  cur- 
rents whose  in  tens  it}'  does  not  xsltj,  fl 

The  Anodid  and  Cathodjil  StiniuIL — ^It  has  been  shown  quite  con- 
clusively that  the  nerv^e  impulse  started  by  the  making  of  the  current 
arises  at  the  cathode,  while  that  at  the  breaking  of  tlie  cunieiit 
begins  at  the  anode,  or,  ki  other  words^  the  making  shock  or 
stimulus  is  cathodal,  while  the  breaking  stimulus  k  anodal.  This 
fact  Is  tnie  for  muscle  as  well  as  nen^e,  and  po8.sibly  for  all  irritable 
tissues  capable  of  stimulation  b\'  the  galvanic  curR^nt.  This 
important  generalization  may  Ixj  demonstrated  for  motor  nerves 
by  separating  the  anode  and  cathode  as  far  as  possible  and  re- 
cording the  latent  jjcriod  for  the  contractions  caused  respect- 
ively by  the  making  and  the  breaking  of  the  current  in  the  ne^^'e. 
If  the  catholic  is  nearer  to  the  muscle  the  latent  period  of  the  mak- 
ing contraction  of  the  muscle  will  be  shorter  than  that  of  the  break- 
ing contraction  by  a  time  equal  to  that  necessary'  for  a  nerve  impulse 
to  travel  the  distance  between  anode  and  cathode.  If  the  position 
of  the  electrodes  is  reversed  the  latent  period  of  the  making  eon- 
traction  will  be  correspondingly  longer  than  that  of  the  breaking 
contraction.  It  is  very  evident  from  these  facts  that  when  a 
current  is  passed  into  a  nerve  or  muscle  the  changes  at  the  two 
poles  are  different,  as  shown  by  the  differences  in  reactions  and 
properties  of  the  nerve  at  these  points.  Bet  he  has  shown  that  a 
difference  nia\'  Ijc  demonstrate* I  even  by  hLstological  means.  After 
the  passage  of  a  current  through  a  nerve  for  some  time  the  axis 
cylinders  stain  more  deeply  than  normal  at  the  cathode  with  cer- 
tain dyes  (toluidiii  blue),  while  at  the  anode  they  stain  less  deeply. 

Ekdrotonus. — The  altcre*!  physiolof^ical  rondititin  of  the  nerve 
at  the  poles  during  the  passage  of  the  gah'anic  current  is  designated 
as  electrotonus,  the  condition  round  the  anotle  being  known  as 
anelectrotonus,  that  round  the  ratliode  as  catele4*trotomis.  Elec- 
trotonus  expresses  itself  as  a  change  in  the  electrical  condition  of 
the  nerve  which  gives  rise  to  i-urrents  known  as  the  elect rotonic 
currents,— a  brief  description  of  these  currents  will  iw  given  in 
the  next  chapter.-  and  also  by  a  change  in  irritaliiUty  and  con- 
ductivity. The  latter  changes  were  first  carefully  investigated 
by  Pfhiger*  who  showcil  that  when  the  galvanic  cun^nt.  or.  as  it  is 
usually  called  in  this  connection,  the  polaris^ing  curi^nt,  is  not  too 
strong  there  is  an  increase  m  irrital>ility  and  conductivity  in  the 
neighborho(Kl  of  the  cathode,  the  so-called  eatelcHtrotonic  increase 
of  irritability,  wliile  in  the  region  of  the  anode  there  is  an  anelec- 
trotonic  decrease  in  irritability  and  conductivity.  These  opposite 
variations  in  the  state  of  the  nerve  are  represented  in  the  accom- 
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panying  diagram.  Between  the  two  poles — that  is,  in  the  intrapolar 
region— there  is,  of  course,  an  indifferent  point,  on  one  side  of  which 
the  irritability  of  the  nerve  is  above  normal  and  on  the  other  side 
below  normal.  The  position  of  this  indifferent  point  shifts  toward 
the  cathode  as  the  strength  of  the  polarizing  current  is  increased. 
In  other  words,  as  the  current  increases  the  anelectrotonus  spreads 
more  rapidly  and  becomes  more  intense,  and  the  conductivity  in 
this  region  soon  becomes  so  depressed  as  to  block  entirely  the 
passage  of  a  nerve  impulse  through  it.  The  changes  on  the  cathodal 
side  are  not  so  constant  nor  so  distinct.  It  has  been  shown,* 
in  fact,  that  if  the  polarizing  current  is  continued  for  some  time, 
the  heightened  irritabiUty  at  the  cathode  soon  diminishes  and 
sinks  below  normal,  so  that  in  fact  at  the  cathode  as  well  as  at 
the  anode  the  irritability  may  be  lost  entirely.  If  the  polarizing 
current  is  very  strong  this  depressed  irritability  at  the  cathode 
comes  on  practically  at  once.  Moreover,  when  a  strong  current 
that  has  been  passing  through  a  nerve  is  broken  the  condition  of 
depressed  irritability  at  the  cathode  persists  for  some  time  after 
fte  opening  of  the  current. 

Pfliiger'8  Law  of  SHmvlation. — It  was  said  above  that  when 
a  grfvanic  current  is  passed  into  a  nerve  there  is  a  stimulus  (catho- 
dal) at  the  making  of  the  current  and  another  stimulus  (anodal) 


.  ^  ^^* — Electrotonic  alterations  of  irritability  caused  by  weak,  medium,  and  strons 
J^^correnta:  A  and  B  indicate  the  points  of  application  of  the  electrodes  to  the  nerve,  A 
ojBf  the  anode,  B  the  cathode.  The  horixontal  line  represents  the  nerve  at  normal  irri- 
''o^ty;  the  curved  lines  illustrate  how  the  irritability  is  altered  at  different  parts  of  the 
■^J^jnth  currents  of  different  strengths.  Curve  y*  shows  the  effect  of  a  weak  current,  the 
PVt below  the  line  indicatinjs  decreased,  and  that  above  the  line  increased  irritability;  at  x^ 
"^cvrre  crosses  the  line,  this  being  the  indifferent  point  at  which  the  catelectrotonic  effects 
^MNnpensated  for  by  anelectrotonio  effects;  y^  gives  the  effect  of  a  stronger  current,  and 
r*  of  a  itili  ftronger  current.  As  the  strength  of  the  current  is  increased  the  effect  becomes 
jp|nter  and  extends  farther  into  the  extrapolar  regions.  In  the  intrapolar  region  the  in- 
f">^t  poiDt  is  seen  to  advance,  with  increasing  strengths  of  current,  from  the  anode 
to»«ni  the  cathode.— (Lom^irrf.) 

at  the  breaking  of  the  current.  This  statement  is  true,  however, 
wily  for  a  certain  range  of  Currents.  Of  the  two  stimuli,  the  making 
w  cathodal    stimulus  is  the  stronger,  and  it  follows,  therefore, 

♦Wcrigo,  "Pfluger's  Archiv,"  84,  547.  1901.     See  Biedermann,  "Eleo- 
"M^yaiology,"  translated  by  Welby,  vol.  ii,  p.  140. 
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that  when  the  strength  of  the  current  is  diminished  there  will  eom< 
a  certain  point  at  which  the  anodal  stimulus  will  drop  out.  Wit 
weak  currents  there  is  then  a  stimulus  only  at  the  make.  On  th 
other  hand,  when  very  strong:  currents  are  used  the  stimuli  that  ac 
at  the  two  poles  set  up  nerv-e  impulses  whose  passage  to  the  muscl 
may  be  blocked  by  the  depressed  conductivity  caused  by  the  electro 
tonic  changes.  Whether  or  not  the  stimulus  uill  be  effective  i] 
causing  a  contraction  in  the  attached  muscle  %vill  depend  naturall; 
on  the  relative  positions  of  the  electrodes, — that  is,  on  the  direetio; 
of  the  current  in  the  nerve.  In  describing  the  etfect  of  these  stroo 
currents  we  must  distinguish  between  what  are  called  ascendin 
and  descending  currents.  Ascending  currents  are  those  in  'whic 
the  direction  of  the  current  in  the  ner\-e  is  away  from  the  musch 
a  position  of  the  poles,  therefore,  in  which  the  anode  is  closer  t 
the  muscle.  In  descending  currents  the  positions  are  reversec 
Pfliiger^s  law  of  contraction  or  of  stimidation  takes  account  c 
the  effect  of  extreme  variations  in  the  strength  of  the  currei] 
and  is  usually  expressed  in  tabular  form  as  follows:  The  letter  ' 
indicates  that  the  nerve  is  stimulated  and  causes  a  contraction  i 
the  attached  muscle,  and  O  indicates  a  faikire  in  the  stimnlatio 
(w^eak  currents)  or  a  failure  in  the  nerve  impulse  to  reach  the  muscl 
owing  to  blocking  (strong  currents) » 


Fi«.  32. 


Fig.  33. 


Figt.  32  uid  33. — 8rhi?ina  to  ahaw  the  amuijirtmpnt  of  appamtuH  for  an  ajicectdiiic  ^Adl 
deflceoditiK  currt'nt:    Fiir.  Ii2,  asr^^miinif;   Fij?    3il,  dp.'4c'*:iiding. 


Making*  Brtoking. 
Vcrv  weak  currents  , ,  C  O 

Moderate         '^     ....C  C 

Very  strong    "     O  C 


MakinQ,  Brmkif%g, 
C  O 

c  c 

C  0 


1 


The  effects  obtained  with  the  strong  currents  are  readily  undei 
stood  if  we  bear  in  mind  the  facts  stated  above  regarding  electn 
tonus.  When  the  current  is  ascending  the  stimulus  on  makio 
starts  from  the  cathode,  but  cannot  reach  the  muscle  because  i 
is  blocked  by  a  region  of  anelectrotonus  in  which  the  conduc 
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tivity  is  depressed.  The  stimulus  on  breaking  takes  place  at 
the  anode  and  the  impulse  encounters  no  resistance  in  its  passage 
to  the  muscle.  With  the  descending  current  the  cathode  lies  next 
to  the  muscle  and  the  making  or  cathodal  stimulus  of  course  causes 
a  contraction.  On  breaking,  however,  the  impulse  that  is  started 
from  the  anode  is  blocked  by  the  depressed  irritability  in  the 
cathodal  region,  which,  as  has  been  said,  comes  on  promptly  with 
strong  currents  and  persists  for  a  time  after  the  current  is  broken. 

The  Opening  and  the  Closing  Tetanus.— While  the  du  Bois-Reymond 
law  stated  above  expresses  the  facts  as  usually  observed  upon  a  nerve-muscle 
pceparation,  there  are  a  number  of  observations  which  indicate  that  the 
exatation  at  the  anode  and  the  cathode  during  the  passage  of  a  current 
may  give  rise  to  a  series  of  stimuli  instead  of  a  single  stimulus.  Thus  with 
senaory  nerves  it  is  well  known  that  the  stimulation,  as  judged  by  the 
KDsattons  aroused,  continues  while  the  current  is  passing  inst^id  of  being 
limited  to  the  moment  of  making  or  of  breaking  of  the  current.  In  this 
iwpect,  as  in  stimulation  by  high  temperatures,  the  sensory  fibers  dififer 
aopaiaitly  from  the  motor.  When  a  galvanic  current  is  passed  through  the 
ulnar  nerve  at  the  elbow  sensations  are  felt  during  the  entire  time  of  passage 
of  the  current.  But  in  an  ordinary  nerve-muscle  preparation  it  is  also  fre- 
qnently  observed  that  at  the  moment  of  opening  the  current  a  tetanic  con- 
tnctbn,  persisting  for  some  time,  is  obtained  instead  of  a  single  twitch.  This 
pheoomenon  is  known  as  the  opening  tetanus  or  Bitter's  tetanus,  and  PflUger 
pas  shown  that  the  continuous  excitation  proceeds  from  the  anode,  since 
in  the  ease  of  a  descending  current  division  of  the  nerve  in  the  intrapolar 
f^n  brioFs  the  muscle  to  rest.  In  the  same  way  it  frequently  happens 
^t  upon  closing  the  current  through  a  nerve  the  muscle,  instead  of  living  a 
twitch,  goes  into  a  persistent  tetamc  contraction.  The  tetanus  in  this  case 
»  designated  as  the  closing  or  PflQ^r's  tetanus.  Both  of  these  phenomena 
Me  obeerved,  especiidly,  when  the  uritability  of  the  nerve  is  for  any  reason 
Sreater  than  normal.  It  should  be  added  that  the  opening  and  the  closins 
tetanus  may  be  observed  also  in  a  muscle  when  the  galvanic  current  is  passed 
through  it. 

Stimulation  of  the  Nerves  in  Man. — For  therapeutic  as  well 
as  diagnostic  and  experimental  purposes  it  often  becomes  desirable 
to  stimulate  the  nerves,  particularly  the  motor  nerves,  in  man. 
^6  niay  use  for  this  purpose  either  the  induced  (faradic,  altemat- 
"ig)  current  or  the  direct  battery  current  (galvanic  or  continuous 
current).  In  such  cases  the  electrodes  cannot  be  applied,  of  course, 
^tly  to  the  nerve;  it  becomes  necessary  to  stimulate  through 
the  skin,  and  the  so-called  unipolar  method  is  employed.  The 
unipolar  method  consists  in  placing  one  electrode,  the  active  or 
stimulatmg  electrode,  over  the  nerve  at  the  point  which  it  is  desired 
to  stimulate,  while  the  other  electrode,  the  inactive  or  indifferent 
electrode,  is  applied  to  the  skin  at  some  more  or  less  remote  part, 
usually  at  the  back  of  the  neck.  The  indifferent  electrode  is  made 
1^  enough  to  cover  several  square  centimeters  of  the  skin,  and  one 
Daay  conceive  the  threads  of  current  as  passing  from  it  into  the 
moist  tissues  of  the  body,  and  thence  to  the  active  electrode.  As 
the  threads  of  current  condense  to  this  latter  electrode  they  pass 
through  the  motor  nerve  which  lies  under  it,  and  if  suJEciently  in- 


90 


THE    PHYSIOLOGY    OF    MUSCLE    AND    NERVE. 


tense,  i^ill  stimulate  the  nerve.   The  arrangement  it*  represented  in 
the  accompanying  schema  (Fig.  34),  showing  the  disposition  of  the 
electrodes  for  stimulating  the  median  nerve.     At  the  indifferent- 
electrode  the  seiosory  nerves  of  the  skin  are  of  course  stimulated,  l>iit— . 
no  motor  response  is  oljtained,  as  no  motor  nerve  hes  immediatel}*^- 
under  the  skin.     Moreover,  the  large  size  of  this  electrode  tends  U^ 
diffuse  the  current  and  thus  reduce  its  effectiveness  in  stimulating-. 
The  active  or  stimulating  electrode  is  small  in  size,  particularlji^ 
when  induction  currents  are  employed,  so  that  the  current  may  b^ 
condensed  and  thus  gain  in  effectiveness.     The  dry  surface  of  th^ 
skin  is  a  poor  conductor  of  the  electrical  current,  and  to  reduce  th«^ 
resistance  at  the  points  at  which  the  electrodes  come  in  contact 


'A>: 


^-^::^V^ 


\ 


Tig.  34— Schema  to  thaw  tho  unipolar  method  of  stimitlation  in  man.  Tha  uiodt, 
+,  i»  repr«aent«d  aa  tba  fltuntilatinir  pole,  applied  over  the  medi&a  nerve*  The  cttUuMlBt 
^»  IS  the  indifferent  pole* 

with  the  skin  each  is  covered  with  cotton  or  chamois  skin  kept 
moistened  with  a  dilute  saline  solution. 

Motor  Points*^ — By  means  of  the  unijKjlar  method  nearly  ever)'' 
voluntary  muscle  of  the  body  may  be  stimulat-ed  separately.  All 
that  is  necessary,  when  the  induced  current  is  used^  is  to  bring  the 
active  electrode  as  nearly  as  possible  over  the  spot  at  which  the 
muscle  receives  its  motor  branch.  A  diagram  showing  these  motor 
points  for  the  arm  is  given  in  Fig.  35,     In  the  same  way  the 
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nenes  of  the  brachial  plexus  and  other  nerve  trunks  may  be 
stimulated  very  readily  through  the  skin.  When  the  induction 
current  is  used  no  distinction  is  made  between  the  cathodic  and 
anodic  effects.     When,  however,  the  battery  current  is  employed 


Fig.  35. — Motor  points  in  upper  extremity. 


one  may  make  the  stimulating  electrode  either  anode  or  cathode, 
and  under  these  circumstances  a  marked  difference  is  observed 
in  the  strength  of  the  current  that  it  is  necessary  to  use  to 
get  a  response.  With  the  battery  or  galvanic  current,  in  fact, 
one  may  distinguish  four  stimuli,  the  closing  and  the  open- 
"ig  shock  when  the  stimulating  electrode  is  cathode  and  the 
closing  and  the  opening  shock  when  it  is  anode.  The  con- 
tractions resulting  from  these  four  stimuli  are  designated  usually 
*s  follows:  The  cathodol  closing  contraction,  C  C  C;  the  cathodal 
opening  contraction,  C  O  C;  the  anodal  closing  contraction, 
A  C  C;  and  the  anodal  opening  contraction,  A  O  C.  If  the  minimal 
amount  of  current  necessary  to  give  each  of  these  contractions 
^  measured  in  milliamp^res  by  means  of  a  suitable  ammeter. 
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it  will  be  found  that  the  four  stimuli  are  of  diflferent  efficiencies* 
The  usual  rehitiunship  is  expressed  by  the  sequence  C  C  C  > 
A  C  C  >  A  O  C  >C  O  C,  although  tliis  sequence  is  subject  to  some 
individual    variation.     Pathological    or    traumatic    lesions    that, 
cause  the  degeneration  of  the  nerves  may  be  revealed  by  the  usal 
of  these  raetho<:ls  of  stimulation*     The  nerve  trunk  under  such 
circuinstainees  fails  to  respond  to  either  form  of  stimulus,   in- 
duced  or  galvanic.     The  muscle,  on  the  other  hand,  while  it  may 
fail  to  respond  to  mduction  shocks,  is  stimulated  by  the  gal- 
vanic current,  and,  indeed,  may  show  an  increased  irritai>iUty 
toward   this  form   of  stimulus^   although  the  contractions   are- 
more  sluggisli  in  character  than  in  a  nmscle  with  a  normal  nerve- 
supply.     Certain    qualitative   changes   in    the   reaction    of   th^ 
muscle  to  the  galvanic  current  may  also  be  noticed »  for  instance^ 
the  A  C  C  is  sometimes  obtained  %vilh  less  current  than  the  C  C  C* 
This   qualitative   and   quantitative   change   in   reaction   to   th» 
galvanic  current,  and  the  loss  of  irritability  to  the  induced  cur — 
rent^  constitute  what  is  known  as  the  reaction  of  degeneration 


I 


f  ig.  36. — Two  flcliemmta  to  ahow  th«  reUtion  betweeo  tbo  physiciU  «md  the  physb* 
loejicaJ  eJectrodeis  or  iioles.  Ea«h  acbema  represeata  the  fore&rm  with  the  mfrdtiU}  nerr*. 
M,  In  /  the  fltimulatinic  electrode  b  the  cathcide;  the  threads  of  current  which  hsve  started 
from  the  anode  (the  mdiflTerciit  electrode)  iilaoed  elne where,  converge  to  thia  pole.  Where 
theae  threadlB  enter  the  nerve  we  have  a  jwrie^  ai  phy&iolo^coJ  aDodes,  aj;  where  they  leave, 
A  seriee  of  physiolofficai  cathodes,  c.  In  //  tbo  fttirnulatm^  elect rrnde  le  the  anotie.  Tbt 
thiwda  of  ourreot  leave  this  pole  t<^  traverse  the  bfidy  toward  the  iDdifTerent  electrode 

{eathode).  Where  tfaev  enter  and  leave  the  nerve  we  have*  as  in  the  first  caiae,  phyKio> 
ogical  abodes  and  eatnodeai  now,  however,  on  the  opposiie  sides  of  the  nerve. 

Distinction  between  Physical  and  Physiological  Poles.— The 

facts  stated  above  seem  to  show,  at  first  right,  that  by  the 
unipolar  method  we  may  obtain  both  an  opening  and  a  closing 
shock  at  either  the  cathode  or  anode, — a  result  which  is  in 
apparent  eontrarlietion  to  tlie  generaJ  law  that  the  niaklng  or 
closing  stimulus  occurs  oidy  at  the  cathode  and  the  breaking 
or  opening  sthnulus  only  at  the  anode.  This  apparent  contra- 
diction   is   readily    explained    when   we    remember   that    in    the 


THE  PHENOMENON  OF  CONDUCTION.  93 

unipolar  method  the  active  electrode  rests  upon  the  skin  over  the 
nerve,  and  that  the  threads  of  current  radiating  from  this  point 
enter  the  nerve  at  one  point  and  leave  it  at  another.  Evidently, 
therefore,  so  far  as  the  nerve  is  concerned,  there  will  be  an  anode 
where  the  current  is  considered  as  entering  the  nerve  and  a  cathode 
where  it  leaves  it,  so  that  under  the  active  electrode,  whether  this 
is  physically  an  anode  or  cathode,  there  will  be,  as  regards  the 
nerve,  a  series  of  what  may  be  called  physiological  cathodes  and 
anodes.  The  closing  shock  arises  at  these  cathodes,  the  opening 
shock  at  the  anodes.  The  position  of  the  series  of  anodes  and 
cathodes  will  vary  according  as  the  active  electrode  is  an  anode 
or  cathode,  as  is  indicated  in  the  accompanying  diagram  (Fig.  36). 


CHAPTER  IV. 

THE  ELECTRICAL  PHENOMENA  SHOWN  BY  NERVE 
AND  MUSCLE. 

The  Demarcation  Cmrrent — Our  definite  knowledge  of  the 
electrical  properties  of  liviBg  tissue  began  with  the  celebrated  in- 
vestigatioiKs  of  du  Bois-Reymond*  (1843)*  When  a  muscle  or 
nerve  is  removed  from  the  body,  and,  in  the  cai>e  of  the  muscle, 
when  one  tendinous  end  ii^  cut  off,  it  is  found  that  the  cut^  end  has 
an  electrical  potential  tliffering  from  that  of  the  uninjured  longi- 
tudinal surface  of  the  preparation.  Following  the  usual  nomen- 
clature p  the  cut  end  is  eleetronegative  as  regards  the  longitudinal 
sui-face.  If.  therefore,  the  longitudinal  surface  is  conneeted  by 
a  conductor  with  the  cut  surface  a  (current  will  flow  from  the  former 
to  the  latier,  as  Ls  indicated  in  the  accompanying  diagram. 


Ftg.  37.^^beinft  shawing  the  course  of  the  demarctttio^n  currejit  m  an  excised  n«nr& 
wh«a  a  point  on  the  loDgituriinaJ  and  oq«  on  the  eut  mjrfoise  «ne  united  by  a  conductor. 


While  the  direction  of  the  current  through  the  conductor  con^ 
necting  the  two  points  is  from  the  longitudinal  to  the  cut  surface 
the  current  may  be  considered  as  Ixdng  completed  in  the  opposite? 
direction  within  the  substance  of  the  muscle  or  nerv^e,  as  shown 
in  the  diagram.     We   may,  in  fact,  consider  an  excised  nerve  or 
muscle  as  a  batter\%  the  cut  end  representing  the  zinc  plate  and 
the  longitudinal  surface  the  copper  plate.     Within  the  battery 
the  direction  of  the  current  is  from  ainc  to  copper,  from  cut  end 
to  longitudinal  surface;   outside  the  battery  the  direction  is  from 
copper  to  zinc^  from  longitudinal  to  cut  surface.     If  two  wires 
are  connected  with  the  muscle  or  ner\^e  the  end  of  the  one  attached 
to  the  longitudinal  surface  will  represent  the  positive  pole  or  anode, 
the  end  of  the  one  attached  to  the  cut  end  will  represent  the  cathode 

*  ''Untersuchungen    iiber  thierische   Elektricitiit,"   du     Bois-Revmond, 
1848-1860. 
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or  negative  pole.    On  joining  the  ends  of  the  wires  a  current  will 
pass  from  positive  to  negative  pole. 

A  current  of  this  character  from  an  excised  nerve  or  muscle 
is,  of  course,  small  in  amount  and  to  detect  it  one  must  make 
use  of  a  delicate  electrometer  of  some  sort  (see  below).  Du  Bois- 
Reymond  considered  that  the  difference  in  electrical  potential 
which  gives  rise  to  this  current  exists  normally  in  the  muscle, 
althou^  masked  by  an  opposite  condition  in  the  tendinous  ends, 
and  he  therefore  spoke  of  the  currents  as  the  natural  muscle  or 
natural  nerve  currents.  It  has  since  been  shown  by  Hermaim 
that  this  view  is  incorrect;  that  the 
perfectly  normal  iminjured  muscle  or 
nerve  has  the  same  electrical  potential 
throughout  and  will  therefore  give  no 
current  when  any  two  points  are  con- 
nected by  a  conductor.  Moreover,  the 
completely  dead  muscle  or  nerve  shows 
no  current.  The  difference  in  poten- 
tial that  is  found  in  the  excised 
nerve  or  muscle  is  due,  according  to 
Hermann,  to  the  fact  that  at  the  cut 
end  the  nerve  or  muscle  is  injured.  The 
chemical  changes  that  take  place  as  a 
result  of  the  injury  make  the  tissue 
electron^ative  as  regards  the  un- 
changed living  substance  elsewhere. 
^or  this  reason  Hermann  described 
the  current  as  a  demarcation  current; 
others  have  called  it  the  current  of 
injury. 

The  nature  of  the  changes  at  the  injured  end  are  not  known.  It  is  inter- 
®wn£  to  note  that  Bernstein  *  has  shown  that  the  electromotive  force  of  the 
"Quade  current  increases  with  the  temperature,  a  fact  which  leads  him  to 
conclude  that  the  difference  in  potential  between  the  longitudinal  and  cut 
IJ^ace  of  the  muscle  depends  upon  a  difference  in  concentration  of  the 
^Jtrolytes.  The  muscle,  in  fact,  acts  after  the  manner  of  a  "concentration 
yl"  Such  a  difference  in  concentration  may  pre-exist  in  the  normal  mus- 
?*»  or,  according  to  the  view  adopted  above,  is  developed  as  the  result  of 
ffljuring  one  end  of  the  muscle.  It  may  be  supfwsed  that  the  injury  causes 
^J*nge8  which  result  in  the  formation  of  new  organic  or  inorganic  electro- 
vj«  and  thus  increases  the  concentration  at  that  point.  From  w^hat  is 
fDown  of  the  chemical  changes  in  muscle  it  is  safe  to  assert  that  there  is  an 
^'l^^'^aed  production  of  lactic  acid  at  the  injured  end,  and  it  is  probable 
«at  other  electrolytes  may  be  liberated  in  diffusible  form.  With  this  increased 
J^Hjentration  at  the  injured  area  a  development  of  electric  potential  might 
'^  expected,  owing  to  the  probability  that  the  cations  (H,  K,  Na,  Mg,  Ca) 
Jul  diffuse  off  more  rapidly  and  thus  leave  the  injured  end  with  a  negative 
"^*'Ke.  Experiments  made  bjr  Urano  and  von  Frey  on  muscle  juice  saueezed 
out  of  the  muscle  fibers  under  high  pressure  have  shown  that  when  it  is  diffused" 
•punst  sugar  solutions  it  loses  its  K  and  Mg  more  rapidly  than  the  PO4  and  SO4. 
*  '*PflQger'8  Archiv,"  1902,  92,  521. 


Fig.  38.  —  Schema  showinK 
the  principle  of  construction  of 
the  galvanometer:  3f,The  mag- 
net suspended  by  a  thread:  B, 
the  battery*  with  the  wires  lead- 
ing off  the  current  encircling  the 
magnet. 
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Means    of   Demonstratmg    the    Muscle    Current.— The   demarcatiaaj 
current  and  other  electrical  concfitionB  to  be  described  require  Ci^pocial  aiipara-  J 
tus  for  their  study.     To  detect  the  existence  of  a  current  physiologists  iisoJ 
either  a  galvanometer  or  a  capillar^'  electrfmieter.  The  gal  vanometens  employed! 
are  of  several  types,  the  Kewin  reflecting  ^Qlvanometcr^  the  d^ArBonvaf  fonn,' 
and  more  re<"entiy  the  "string-gnlvanonieter''  t>f  Einthoven.     The  principle 
of  the  galvanometer  lies  in  the  tact  that  a  magnt'tic  ruddle  ifl  deflected  when 
an  electrical  current  passes  through  a  wire  in  iti*  vicinity.     If  a  magnetic 
neetile  is  Hwung  by  a  delicate  thread  w>  a.s  to  mcn-e  ea.sily,  it  will  corae  to  rest 
in  tlie  magnetic  meridian  with  its  north  pole  pointing  north,     ff  now  a  wire  is 
curvctl  rokind  it.  tks  shown  in  the  accompanying  diagram  (Fig.  38),  and  a  battery 
current  is  Bent  tlirough  this  wire,  the  nwdle  will  be  deflected  to  the  ri^ht  if  the 
current  passes  in  one  direction  and  to  the  left  if  it  passes  in  the  opposite  direc- 
tion.    The  movement  of  the  needle  is  an  indication  of  the  prei^nce  and 
direction  of  the  electrical  current  in  the  wire.     The  extent  of  deflection  of 
the  needle  may  be  used  to  measure  the  strength  of  the  current  by  ascertaining 


•^!ft?t|i 


:;y.     D'Ar-^iJiival  gialvjinotaeter  as  modified  by  Rowluid. 


tlie  amount  of  deflection  caused  by  a  standard  battery.  The  effect  of  the 
current  upon  tlte  needle  increases  with  the  number  of  turns  of  wire,  so  that 
delicate  galvanomettfrR  constructed  I  upon  this  principle  are  spoken  of  as  high 
resiBtancc  galvanometers,  the  great  length  of  wire  used  making,  of  course,  a 
high  resistance.  Instead  of  having  the  coil  through  which  the  current  passes 
ket>t  in  a  fixes!  jxisition  and  the  magnet  delicately  swung  or  noised,  the  reverse 
arrangement  may  \ye  used — that  Is,  tlie  coil  may  W  swung  between  the  ixilci 
of  a  fixed  magnet,  lender  these  circumstances,  if  a  current  is  sent  through  tl)t 
coil,  this  latter  will  move  vvitli  reference  to  the  magnet.  A  galvirnometer  con- 
Ftnicteil  on  this  principle  i^s  designatotl  as  a  d* Arson val  galvanometer,  after 
the  physiologist  wlio  first  employed  this  arrangemenL  In  the  d'Arsonval 
form  tlie  magnet  is  fixed  while  the  coil  of  wire  through  which  the  current 
ptisaes  is  swung  by  a  very  delicate  tliread  of  quartz^  eillc  fiberj  or  phosphor- 
bronze.  The  principle  of  the  arrangement  is  shown  in  llie  accompanying 
diagram  (Pig.  40)  and  one  form  of  a  complete  instrument  in  Fig.  39.  A  large 
hoFseflhoe  magnet  (n,  «>  is  fixed  permanently  and  between  the  poles  is  swung 
a  coil  ic)  of  delicate  wire,  the  two  ends  of  the  wire  being  connected  with  binding 
poeta  in  the  frame  of  the  inslnm^ent.  The  coil  is  held  in  place  below  hy  a 
delicate  spiral.     In  Fig.  40  it  will  be  seen  that  the  delicate  thread  suspending 
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the  oofl  carrieB  just  above  the  coil  a  small  mirror,  m,  and  a  plate  of  thin  mica 
or  aluminum.  The  mirror  is  deflected  with  the  coil,  and  when  viewed  through 
the  telescope  pictured  in  Fig.  39  the  image  of  the  scaJe  above  the  telescope  is 
r^ected  in  this  mirror.  A^  the  coil  and  mirror  are  twisted  by  the  action 
of  the cunent  passing^through  the  former  the  reflection  of  the  scale  in  the 
mirror  is  displaced.  By  means  of  a  cross  hair  in  the  telescope  the  angle  of 
deflection  may  be  read  upon  the  reflected  scale.  The  aluminum  vane  back  of 
the  nmoT  makes  the  system  dead-beat,  so  that  when  a  deflection  is  obtained 
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5k-  40.— Diagram  of  rtruo* 
tore  of  the  d'Anonval  oalvanom* 
jer*  e  IS  the  coil  of  fine  wire 
«rojp  7^^  ***®  current  b 
lf«M.  It  is  swung  by  a  fine 
»'««  of  phosphor-bronse  so  as 
to  lie  between  and  close  to  the 
Po«»-(n)  north  pole,  and  («) 
•omb  pde-of  the  magnet.  Just 
»ove  the  nuignet  the  thread  car* 
n«  a  mica  or  aluminum  vane  to 
*Dni  tt  attached  a  small  mirror, 
ge  aeale  of  the  instrument  is  re- 
y^  ja  this  mirror  and  is 
5**^  through  the  tUescope 
■wn  m  Rg.  38. 


Fig.  41. — Schema  of  capillary  electrometer 
arranged  to  show  the  demarcation  current  in 
muscle  ^Lombard) :  a.  The  glass  tube  containing 
mercury  and  drawn  to  a  fine  capillary  below;  c, 
the  receptacle  containing  mercury  by  raising 
which  the  mercury  can  be  driven  into  the  capil- 
lary of  a;  L  a  vessel  with  glass  sides  contaimng 
mercur3f  below,  and  above  dilute  sulphuric  acid 
into  which  the  capillary  of  a  dips;  Et  the  micro- 
cope  for  observing  the  mercury  thread  in  the 
capillary;  m,  the  muscle;  a  and  A,  the  wires 
touching  the  longitudinal  and  out  surfaces  of  the 
muscle.  The  current  flows  as  indicated  by  the 
small  arrows;  d,  the  capillary  thread  of  mercury 
as  seen  under  the  microscope. 


the  system  comes  quickly  to  rest  with  few  or  no  oscillations.  If  the  coil  of  wire 
contains  sufficient  turns,  enough  to  give  a  total  resistance  of  two  to  three 
thousand  ohms,  and  the  poles  of  the  magnet  are  brought  very  close  to  the 
coil,  the  instrument  may  be  given  a  delicacy  sufl&cient  to  study  accurately  the 
muscle  and  nerve  currents.  In  such  an  instrument  the  effect  of  the  earth's 
°***P>etism  may  be  neglected  and  the  galvanometer  may  be  hung  upon  any 
support  without  reference  to  the  magnetic  meridian. 

The  movable  system  of  this  galvanometer  possesses  considerable  inertia, 
*p^hat  it  will  not  indicate  accurately  the  presence  or  extent  of  very  brief 
**ctrical  currents  such  as  have  to  be  studied  in  physiology  in  some  cases. 
7 


Pin,  43,^ — Scherna  to  show  the  relation  flf  ttip  thread  in  the  magnet*  in  tha 
pailvatiumi^ter  :  AA^  ThedeMrntp  ihraad  of  silvtred  quarti  r»r  of  plitlinum,  stretched  la 
the  polar  pieces  (PP)  of  an  rlprlrfaTnaKnet.  When  a  current  paswfl  thruujfh  .4*4,  ihfl 
■thows  a  movemerit.  'Hi a  end*  nf  the  innirnet'':  are  pierced  by  hote»,  seen  in  P\,  % 
which  the  movenients  of  (he  t^ifend  may  he  watelied  Dy  means  of  a  microaoope  or 
jectfd  njMin  a  phcitoffraphic  pkte. — <.Afi«r  Einthovtn,) 


loc'tal  jKiIes  of  the  magnet  are  pierced  by  holess,  so  that  the  thread  n 
illiuninated  by  iin  r>k»rrrir  liuhl  (arc  IiKht )  from  one  side,  and  rm  the 
the  shjwlow  of  the  thrc^acj  may  be  thrown  upon  a  screen  after  bein^  niaj 
by  a  tnicroseope  (see  Fig.  42).     With  this  arrangem(*nt  the  threw!  ah 
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hteml  movement  whenever  a  current  is  passed  through  it.  The  instrument 
may  be  made  of  ereat  delicacy  so  as  to  detect  very  minute  currents,  and, 
iDoreover,  it  has  the  very  great  advantage  of  responding  accurately  to  rapid 
changes  in  potential.  If  the  shadow  of  the  thread  is  allowed  to  fall  upon 
sensitized  paper  properly  adjusted  upon  a  rotating  surface,  its  movements  may 
be  photographed  and  a  permanent  record  be  thus  obtained  (see  Fig.  22  for 
an  example  of  such  a  photographic  record  showing  the  electrical  changes  in 
a  contracting  muscle). 

The  Capillary   Electrometer. — The  principle  of  the  construction  of 
the  capillary  electrometer  is  illustrated  in  Fig.  41.     A  glass  tube,  a,  is  drawn 
out  at  one  end  into  a  very  fine  capillary,  the  end  of  which  dips  into  some 
diluted  sulphuric  acid  contained  in  the  vessel  (/).     At  the  bottom  of  this 
vessel  is  a  layer  of  mercury  connecting  with  a  wire,  gr,  fused  into  the  glass 
^"68861.    The  tube  a  is  partially  filled  with  redistilled  mercury,  which  pene- 
trates for  a  short  distance  into  the  capillary.     By  means  of  pressure  applied 
from  above  c,  the  mercury  can  be  forced  through  the  capillary.     Then  by 
diminishine  the  pressure  the  mercury  can  be  brought  back  into  the  capillary 
<*  certain  distance,  drawing  after  it  some  of  the  dilute 
sulohuric  acid.     The  mercury  in  tube  a  is  connected 
«iththe  other  pole  of  the  battery  by  a  wire  fused  into 
its  vail  and  dipping  into  the  meroury.     By  regulating 
tbe  pressure  on  the  mercury  the  pomt  of  contact  be- 
tween the  thread  of  mercury  ana  the  sulphuric  acid 
'n  the  capillary,  d,  can  be  brought  to  any  desired 
Position.    An  equilibrium  is  then  established  which 
^  remain  constant  as  lon^  as  the  conditions  are  not 
changed.    If  now  the  circuit  from  a  battery  or  other 

*>urce  of  electricity — ^for  example,  the  excised  nerve 

or  muscle — ^is  closed,  the  current  entering  by  wire  ^, 

•*   thb  represents  the  anode,  traverses  the  sulphuric 

*^d  and  mercury  in  the  capillary  and  returns  by  the 

^re  A.    At  the  moment  of  the  establisliment  of  the 

<^rrent  the  equilibrium  of  forces  that  holds  the  mer- 

^ry  at  a  certain  point  in  the  capillary  is  disturbed, 

^{^e  end  of  the  mercury  thread  moves  upward  with 

*ne  current  for  a  certain  distance,  depenaing  on  the 

®^rcngth  of  the  current  and  the  delicacy  of  the  capillary. 

^  the  current  be  passed  in  the  opposite  direction  tlie 

*^ereury  will  move  downward  a  certain  distance.    The 

^^eniscus  of  contact  moves  up  or  down  with  the  direc- 

t*^B  of  the  current,  owing,  it  is  supposed,  to  a  change 

^^  the  surface  tension  at  this  point.   The  capillary  tube 

^s  used  for  physiological  pur|)oses  is  too  small  for  the 

^oyements  of  the  mercury  to  be  detected  with  the  eye. 
*t  is  necessary  to  magnify  it  either  with  a  microscope 

^  a  projection  lantern.  Ordinarily  the  electrometer 
*8.8o  made  that  it  can  be  placed  upon  the  stage  of  the 
^iicroecope  and  the  capillary  be  brought  into  focus 
*^  the  meniscus,  as  shown  in  d.  Fig.  41.  By  means  of 
t*M*r  apparatus  the  movement  can  be  photographed 
*?w  thus  a  permanent  record  be  obtained  of  the  direc- 
^^  and  extent  of  movement  of  the  mercury. 

ffon-polarizable  Electrodes. — In  connecting  a  muscle  or  nerve  to  an  elec- 
y^aeter  or  galvanometer  it  is  necessary  that  the  leading  off  electrodes — that 
•>  the  point  of  contact  between  the  wires  and  the  muscle  or  nerve — shall  be 
•"^electrical  and  non-polarizable.  By  iso-electrical  is  meant  that  the  two 
^lectiodes  shall  have  the  same  electrical  potential,  and  it  is  obvious  that  the 
leading  off  electrodes  must  fulfil  this  condition  approximately  at  least,  since 
^Wwise  the  current  obtained  from  the  muscle  or  nerve  could  not  be  attrib- 
"^  to  differences  in  potential  in  the  tissue  itself;  it  would  be  shown  by  any 
Jher  moist  conductor  connecting  the  two  electrodes.  Two  clean  platinum 
electrodes  would  fulfil  this  condition.    A  more  serious  difficulty  is  found  in 
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Fin.  44.— To  show 
the  structure  of  a  non- 
polarisable  electrode: 
I.  The  pad  of  kaolin  or 
filter  paper  moistened 
with  physiological  sa- 
line (Naa,  0.7  per 
cent.)  (this  is  placed  on 
the  tissue) ;  2,  the  sat- 
urated solution  of  sine 
sulphate;  (3)  the  bar 
of  amalgamated  sine. 
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thp  polarization  of  metallic  electrodes.  Whenever  a  metal  conductor  in' 
liauid  conductor  come  into  cojitact  tlieru  is  apt  to  be  polarization,  W 
takes  place  may  be  represented  by  the  following  diagram,  in  which  a  curr 
U  suppL^aed  to  iny  ptisning 

+  +  +  + 

Na       Na       Na       Na 


CI 


a 


ci 


ci 


between  the  poles  .4  and  C  lliroiigh  a  solntioE  of  sodium  chlorid.  Diu 
the  paiisatce  of  the  curr^^nt  the  cations,  Na,  with  their  positive  chaj 
move  toward  the  cathode;  at  the  cathode  tlie  free  sodium  ion  act«  u 
the  water,  HHO,  forminj;  NaOH  and  hheratinp  hydrogen,  which  accuf 
lates  upon  the  cathode  in  the  form  of  gan.  The  atiioiiii,  CI,  with  their  nega1 
chargr.H  move  toward  tlie  anode;  there  the  cldorin  acts  upon  the  water,  fo 
ing  HCl  and  Uberating  oxygen.  In  cou>iequence  of  thiH  ace  urn  li  la  t  ion 
^ases  upon  the  ptilea  a  ga,s  batterj'  Ls  forminh  in  which  the  direction  of  ciiri 
IS  agairiHt  that  of  the  main  current,  that  is,  from  C  to  A.  It  is  obvious  t 
in  quantitative  studif*^  of  the  electrical  currents  of  animal  tissues  pol 
asation  will  d*^troy  the  accuracy  of  the  results;  the  demarcation  cun 
will  show  a  diminution  due  not  to  changes  in  the  nerve,  but  to  phys 
chemical  changes  at  the  leading-off  electrodes.  To  prevent  polariaal 
du  Boia-Reyraond  devised  the  non-pohirizable  electrodas  consisting  of  i 
terminals  immersed  in  zinc  sulphate.  Tiieoretically  any  metal  in  a  sola' 
of  one  of  liii  salts  may  be  used*  but  experience  shows  that  the  zinc-zinc  sidpl 
ch'ctrodc  is  most  nearly  perfect.  Each  electrode  wtierc  it.  comes  into  coo? 
with  the  tissue  is  made  of  one  of  these  combinations.  Various  devices  b 
been  used.  For  instance,  tha  electrode  may  be  constructed  iia  shown  in* 
diagram  (Fii^,  44).  A  short  glass  tube  of  a  bore  of  about  4  mms.  is  * 
cleaned — one  end,  wtiich  is  t^  coruc  into  contact  with  tiie  nerve — is  filled 
shown,  by  a  plug  of  kiv>lin  made  into  a  stiff  putty  with  physiological  sa 
solution  of  Nad  (0.7  (jcr  cent.).  Tlie  kaolin  should  have  a  neutral  reaei 
and  unless  good  kaolin  is  obtainable  it  is  better  to  use  a  plug  made  of  cl 
filtcT  iia|x*r  maceratefl  in  physiological  saline  ami  packed  tightly  into  the 
of  the  tube.  Above  this  plug  the  tube  is  filled  in  for  a  part  of  its  length  « 
a  saturateil  solution  of  zinc  sulphate  into  which  is  immersed  a  bar  of  ar 
gamaled  zinc  with  a  eop{)c»r  wire  soldered  to  its  end.  With  a  pair  of  b 
electrodes  the  conduction  of  the  current  through  the  nerve  or  muscle  to 
nietalhc  part  of  the  circuit  may  be  represented  aa  follows: 
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Tlie  liquid  part  of  the  circuit  comcj?  into  contact  with  the  metallic  p 
at  the  junction  of  Zn  au<l  ZuSt ),,  At  the  cathotle  it  may  ije  supposed  tJ 
the  Zn  cation  instead  of  acting  ujwn  the  water  and  lif»erating  hydrog 
deposits  it-self  upon  the  zinc  electrode;  at  the  anode  the  sulphion  {S< 
attacks  the  zinc  uij^tead  of  the  water,  forming  Zn^O^.  In  this  way  polarizati 
is  prevented,  and  by  the  construction  of  the  eleetroile  the  living  tissue 
brought  into  contact  only  with  the  plug  of  kaolin  moistene*!  with  phys 
logical  sail ne.  ^  Such  eleetrofles  are  indis[>e usable  in  studying  the  eleclrical  p) 
no  men  a  of  Hving  tifwues,  arul  also  in  all  investigations  bearing  upon  the  po 
elTects  during  the  passage  of  an  electrical  current  from  a  battery.  Ordinari 
however,  when  it  is  only  desired  to  stimulate  a  nerve  or  muscle,  metal  (pi 
inum)  electroiles  are  eniployotl. 
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The  Action  Current  or  Negative  Variation. — Du  Bois-Rey- 
mond  proved  that  when  the  excised  muscle  or  nerve  is  stimulated 
its  demarcation  current  suffers  a  diminution  or  negative  variation. 
If,  for  instance,  the  excised  nerve  gives  a  demarcation  current  suf- 
ficient to  cause  a  deflection  in  the  galvanometer  of  50  mms.,  then 
if  the  nerve  is  stimulated  by  a  series  of  induction  shocks  the  galva- 
nometer will  show  a  lessened  deflection,  say,  one  of  40  mms.    The 
negative  variation  in  this  case  is  equal  to  10  mms.,  on  the  scale  of 
the  galvanometer  used.     It  has  been  shown  that  this  negative  varia- 
tion is  due  to  a  current  in  the  opposite  direction  whose  strength,  in 
the  example  given,  relative  to  that  of  the  demarcation  current  is 
as  10  to  50.     Frequently  the  phenomenon  of  the  negative  varia- 
tion is  known  also  as  the  action  current.     The  explanation  given 
for  this  action  current  is  that  the  nerve  or  muscle  when  excited 
takes  on  an  electrical  condition  which  is  negative  as  regards  any 
unexcited  or  less  excited  portion  of  the  nerve.    The  effect  upon  the 
demarcation  current  is  illustrated  in  the  accompanying  diagram. 

The  demarcation  current  in  a  nerve  is  led  off  to  a  galvanometer 
by  electrodes  placed  at  h  and  c.  When  the  nerve  is  stimulated  at 
o  the  excitation  set  up  passes  along  the  nerve,  and  wherever  it  may 
be  that  portion  of  the  nerve  is  thrown  into  an  electronegative  condi- 
tion. When  this  condition  reaches  a  point  at  which  it  can  influence 
tte  galvanometer — ^that  is,  when  it  reaches  6,  it  will  diminish  the 
ciifference  in  potential  that  exists  between  b  and  c,  and  therefore 
leduce  the  current 

flowing  from  6  to  c.  -|- 

ISernstein*  has 
ehown  that  this  neg- 
ative condition 
Jnovesintheformof 
a  wave.  That  is,  at 
*Dy  pomt  the  nega- 
tivity grows  to  a  pjg  45.— schema  to  indicate  the  method  of  detecting 
^l^&Ximum  and  then  ^^  action  current  in  a  stimulated  excised  nerve :  b  and  c, 
J,  .  »  ^  ^|j^  leading  off  electrodes,  one  on  the  longitudinal,  one  on 
^^^'^^liUlsheS.  More-  ^^  c^^  surface;  the  demarcation  current  passes  throu^ 
.  '  ,  the  galvanometer,  i7,  in  the  direction  of  the  arrows;  a,  Btimu- 
Over,  it  travels  at  a  latlng^  electrodes  from  induction  coil;  the  stimulus  causes  a 
JqC^*.  I  ..  negative  condition, — which  passes  along  the  nerve;  when 
ueaiuie  velocity  thS  reaches  6  it  causes  a  partial  reversal  of  the  demarca- 
Which     i<i      rk  n  c  1 1 V       **°°  current,  giving  the  negative  variation  or  action  cur- 

^^easured.   Accord- 

^  to  his  experiments,  the  velocity  of  this  wave  in  the  frog's 
^otor  nerve  is  from  25  to  28  meters  per  second,  and  the  length 
^j  the  wave  is  about  18  mms.  Hermann,  on  the  contrary,  be- 
li^ves  that,  in  the  excised  nerve  at  least,  the  length  of  the  wave 
^y  be  greater,  reaching  perhaps  140  mms. 

*  Bernstein,  '' Untereuchungen   Qber  den  Erregungsvorgang  im   Nerven 
on^l  Muskelsysteme,"  Heidelberg  187L 
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These  figures  will  %*ary  natumlly  for  the  nerves  of  differ 
mala  or  for  different  nerves  in  the  same  animal,  for  it  must  alwi 
be  remembered  that  nerve  fibers,  whose  functions  in  general  an 
mmilar,  differ  much  in  obvious  microscopical  structure  and  proba 
more  widely  in  their  chemical  composition.  Using  an  analog>'  t 
is  familiar,  we  may  say  that  when  a  stimulus  acts  upon  a  liv 
nerve  a  wave  of  electronegativity  spreads  from  the  stimida 
n\wii  and  travels  in  wave  form  witl  a  definite  velocity,  just  as  w« 
waves  radiate  from  the  spot  at  whit.h  a  stone  is  thrown  into  a  qt 
jjool.  A  similar  phenomenon  occurs  in  muscle  fibers  when  stir 
lated,  hut  the  negative  condition  travels  over  the  muscle  fiber  n 
slower  speed,  3  to  4  meters  per  second  in  frog's  muscle^  and  wit 
wave  length,  according  to  Bemstem,  of  only  10  mms.  This  wi 
of  negativity  in  the  muscle  l»egins  dyring  the  latent  period  ai 
therefivrp,  precedes  the  actual  shortening  at  any  point. 

This  phenomenon  of  a  negative  electrical  condition  travel 
over  the  nerve  or  muscle  and  giving  us  an  action  current  when 
off  througli  a  gah^anometer  Is  of  the  greatest  physiological  imp 
tance,  particularly  in  the  stud\'  of  ner\'es.  It  has  been  sho 
that  in  the  nerve  this  wave  of  negativity  marks  the  prt^ress  of  I 
y^uve  of  excitation,  and,  since  we  can  study  its  progress  by  me 
of  the  galvanometer  or  capillary  electrometer^  we  can  thus  study 
ejccitability  and  conductivity  in  nerv^es  when  removed  from  Q 
nection  with  their  end-organs.  That  the  negative  wave,  or 
Action  current  that  it  gives  rise  to,  is  an  invariable  sign  of 
passage  of  an  excitation  or  nerve  impulse  is  shoTvn  by  the  ff 
tliat  it  is  absent  in  the  dead  nerv  e,  and  that  in  the  U\ing  nerve  i 
prcKluced  by  mechanical,*  cheniie^,t  arid  reflex t  stimulations, 
well  as  by  the  more  usual  method  of  electrical  stimulation- 

Honophasic  and  Diphasic  Action  Currents* — According 
the  conception  of  the  action  current  given  above,  it  is  e\ident  t 
U  should  he  obtaineil  upon  stimubt ion  when  a  living  normal  nc 
18  cornice tiMl  at  any  tvi'o  pouits  of  its  cour?«  with  a  galvanomete 
capiUar\^  ek*ctmnicter.  The  detection  of  the  current  under  s 
conditions  offers  more  dithculiies,  because  it  is  diaphasic,  as  * 
Ih*  sfvu  fn>m  the  accompanying  diagram  (Fig,  46).  The  fig 
reprc-scnls  a  nv>rmal  nerve  let!  off  to  the  galvanometer  from  1 
jH>int5,  b  and  r,  of  its  longitudinal  surface.  As  these  points  in 
d  nerve  have  the  same  |x>teniial,  no  current  is  shown 
Anometer.  If  the  nerve  is  stimulated  at  a  by  a  sii 
sumulu>  !  r  itive  condition  or  charge  passes  along  the  nei 
When  it  i^^iAix^  the  point  6,  there  will  be  a  moiEientar>^  ctirr 

•  .^trtnAdi,  •^rt«liBM"\<  Xnhkxr  5S.  4S?.  18W. 
t  Onllinfr.    TftOg*^*!^  Arrhu,"  2S,  2^  ISSl 
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tirough  the  galvanometer  from  c  to  6;  as  the  charge  passes  on 
to  c,  this  point  in  turn  will  become  negative  to  6,  and  there  will 
be  a  momentary  current  through  the  galvanometer  in  the  other 
direction.     The  diphasic  current  that  occurs  under  these  con- 
ditions cannot  be  detected  by  the  ordinary  galvanometer,  even 
when  a  series  of  stimuli  is  sent  into  the  nerve  at  a,  since  the 
movable  system  in  this  instrument  has  too   much  inertia  to 
respond  to  such  quick  changes  in  opposite  directions.     With 
the  more  mobile  string-galvanometer  or  capillary  electrometer 
the  diphasic  currents  have  been  demonstrated  successfully.     In 
laboratory  investigations  one  of  the  leading  off  electrodes,  c, 
is  usually  placed  on  the  cut  end  of  the  nerve.     Under  this  con- 
dition the  action  current  becomes  monophasic  and  shows  itself 
as  a  negative    variation    of   the    demarcation    current.     This 
difference  is  due  to  the  fact  that  the  negative  condition  accompany- 
ing or  constituting  the  wave  of  excitation  undergoes  a  decrement 
as  it  enters  a  region  in  which  a  negative  condition  already  pre- 
vails.   Therefore,  when  the  leading-off  electrodes  are  placed  so 
that  one  is  on  the  longitudinal  and  one  on  the  cut  surface,  the 
change  of  potential  accompanying  the  excitation  will  affect  only 
the  first  electrode  (6)  and  give  a  monophasic  variation,  which  can 
now  be  shown  by  the  usual  galvanometer,  provided  a  series  of 
stiimuli  is  thrown  in  at  a. 


•J*  Fij.  46. — Schema  to  show  the  arranicement  for  obtaining  a  rlipha«io  action  current. 
^  ^wrangement  diflTers  from  that  in  Fig.  42  only  in  that  both  leading  off  electrodes,  b  and 
^5  *«  placed  on  the  longitudinal  surface.  No  demarcation  current  Ls  indicated.  When 
tK  ^r^  **  stimulated  at  a  the  negative  charge  reaches  b  first,  causing  a  current  through 
J**  galvanometer  from  c  to  6.  Subsequently  it  reaches  c  and  cuuoes  a  second  current 
*^  we  opposite  direction  from  6  to  c. 

The  Ponilive  Variation. — It  happens  not  infrequently  that  when  one 
^tectrode  is  placed  upon  the  cut  end,  tne  nerve  upon  stimulation  with  a  series 
of  induction  shocks  gives  a  positive  instead  of  a  negative  variation  of  the 
Qttnarcation  current.  This  result  is  usually  explained  as  being  due  to  a  pre- 
Jonainance  of  the  anelectrotonic  currents  (see  below) ,  but  Wcdenski  has  con- 
^^  recently  that  it  Ls  due  to  a  peculiar  condition  of  excitation  in  the  nerve 
*J  the  cut  end,  a  condition  to  which  he  gives  the  name  of  parabiosis.  When 
*jis  phjnomenon  occurs  it  can  usually  be  avoided  by  making  a  fresh  section 
>*  the  ead  of  the  uerve. 

Detection  of  the  Action  Currents  by  the  Rheoscopic  Frog 
'^paration  or  by  the  Telephone. — The  motor  nerve  of  a  nen-e- 
^^le  preparation  from  a  frog  is  so  extremely  irritable  to  electrical 
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currents  that  it  may  be  used  instead  of  a  galvanometer  to 
the  action  rurrents  in  a  stimulated  muscle.  A  ner\^e-mnscle  prep^ 
aration  used  for  this  purpose  is  known  as  a  rheoseopic  preparation. 
The  wa}'  in  which  it  is  used  is  indieatetl  in  the  accompanying 
diapjram,  b  represents  the  rheoseopic  preparation,  its  nerve  being 
laid  upon  the  muscle  whose  currents  are  being  investigated,  a,  so  »^ 
to  touch  the  cut  end  {x)  and  the  longitudinal  surface  {g)*  When  a  is 
stimulated,  either  directly  or  through  its  nerve^  as  represented  in  tl^^ 
diagram,  the  negative  changes  that  pass  along  the  muscle  fibers  of 
a  with  each  stimulus  cause  action  currents  that  %nll  be  led  ofi 
through  the  nerve  of  b  from  x  to  g.  If  the  nei^^e  is  in  a  sensitive  con^- 
dition  it  will  be  stimulated  b\'  the  action  currents  and  thus  a  series  of 
excitations  will  be  sent  into  6  corresponding  exactly  in  rate  with 
the  artificial  stimuli  given  to  the  ner\'e  of  a.  The  rheoscopi*^ 
preparation  may  be  used  very  beautifully  to  demonstrate  the 
action  current  in  the  contracting  heart  muscle.  If  the  nen^e  of 
b  is  laid  upon  the  exposed  beating  heart  of  an  animal,  the  muscle 
of  b  will  give  a  single  twitch  for  each  beat  of  the  ventricle, 
other  interesting  method  of  detecting  the  action  currents,  partici 
larly  in  nerves,  is  by  means  of  the  telephone*  Wedenski  has  mad 
especial  use  of  this  method^  the  telephone  being  connected  mti 


Fib.  47. — Schemn  to  nhow  the  Rrrasgementof  a,  rheoseopic  muede-oerve  prepftntioB; 
n,  Tbfl  riieoscMipici  mufu-te- nerve  pmjp&rAticM],  the  nerve  beiiiKarT«ii«:ed:  to  toueh  the  cut  jmit- 
faoa  and  the  longitudinal  mirfo^M!!  of  the  muecle,  q,  who^e  action  currents  lire  to  be  detected. 
When  thft  nerve  of  a  U  stimulnted  each  conlmctitin  of  thia  miiBde  m  followed  by  a  oootrso- 
tlon  of  b,  nince  each  eontraelion  of  a  in  ciccomjjanied  by  nn  action  current  whieh  paaeei 
through  the  nerve  of  6  and  etimulat^sa  it. 

the  nerve  in  place  of  the  galvanometer.  The  method  has  obvioufl 
advantages  in  the  fact  that  it  nmy  be  used  with  a  ner\^e  to  which 
the  muscle  is  also  attached,  so  that  the  excitation  proc^ses  in 
the  nerve  and  their  effect  upon  the  muscle  may  be  studied  mmul- 
taneously* 

Relation  of  the  Action  Current  to  the  Contraction  Wave 
in  Muscle  and  to  the  Excitation  Wave  (Nerve  Impulse)  in  Nerve. — 
The  action  current  or,  to  be  more  accurate,  the  moving  negative 
potential^  which  gives  rise  to  an  action  current  when  two  points 
of  the  rauacle  are  let!  off  to  a  galvanometer,  has  been  shown 
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by  Bernstein  to  precede  the  wave  of  €ontraetioii  in  muscle;  that 
k  in  a  stimulated  muscle  fiber  the  electrical  change  at  any  point 
prpcde5  the  mechanical  process  of  shortening.  This  relation- 
ship is  shown  in  the  accompanying  illustration  (Fig.  48),  in  which 
the  mechanical  contraction  (movement  of  the  lever)  is  photo- 
graphed simultaneously  with  tlie  movement  of  the  string  of  the 
.-^fnng-galvanometer  which  inrlicates  the  electrical  change.  As 
the  figure  shows  the  electrical  change  is  diphasic,  owing  to  the  op- 
\m{e  effects  on  the  galvanometer  of  the  change  of  potential  at 


^~zrr:~fT~~r^A 


.-T-x.l 


yvf v^\|v\  ^\A  A/^  y  V 


F^4S. — Biniultanf^u <4  n^rrjTiri  f»i  rb*^  Tnerhnnirai  find  cloctnca)  change  m  n  coQtractiiig 
2>*^:  I.  MediAiucftl  curvc^  of  e^ontrftctioo,  photograpl]!  of  the  le^rer;  2.  movement  of  the  strinK 
*  U»  Arifig^aJjvanometer  (owtnK  to  it-i  faintneae  it  w»«  ncceasarj'  to  rnttjuch  this  fyn,'t'l; 


tu]»irttrd  indirat^-fl  an  inrreaae  of  nesBtivt*  potonLjal  nt  the  uptner  end  of  the  muitrle^ 

«^<)aiei«coniiji  fauodredthiiof  a  tie<'e>Dd;  4,  Oi^  aUrniibting  lever;  the  broak  in  the  line  indi- 
«||^  tbe  mocDcnl  of  «tiimjilfttmn:  on  the  cune  of  contraction  (1)  this  moment  is  indieated 
^t  "IVfiirve  was  obtained  fFOin  a  gftstrotMiemiu^i  muac'le  of  a  frofi.  HlimnJiittYl  through  its 
^^by*  fta^d^  induction  shock,  contraction  isoionir.  The  hfftdinjff-<iflF  elect rwlort  were  placed 
IvttDometer  atritij;  under  tension.  The  electric  curv-e  ia  diphattic. 
nrithin  the  latcBt  period  of  fontrr-rtion;  the  accond  phase  extends 

^^. —  ,. king  of  lh#  miL^le,  but  the  duration  of  this  latter  phase  i»  complicated 

fly  ttt  fail  of  Ibe  string  iSnyder), 


vrv«Dy«  ftD^fi  induction  whocl 
•*w>««d»of  tile  muacJe;  gnUai 
Jb»  Qnt  phas*  is  coropletcd  wit! 
!■**  tibe  puiod  of  ihorteaing  of  I 


lb*"  two  points  lead  off  to  the  galvanometer,  Imt  the  first  phase, 
'     which  b^ns  ahnost  immediately  on  stimulation,  is  completed 
before  the  muscle  begins  to  shorten.       We  may  suppose  that 
^^te  electrical  change  is  an  indication  of  the  excitation,  or  pos- 
^|ply  constitutes  the  excitation  that  sets  up  the  chemical  change 
^^  f'ontraction,  or  else  that  the  change  in  electrical   potential 
i*  (^"auscd  hy  the  chemical  change  of  contraction  and  precedes 
tJie  mei'hanieal    result    of  shortening,    since   the   latter   process 
will  have  a  certain  latent  period.       It  has  been  shown,  indeed, 
^  Demoor  that  a  completely  fatigued  muscle  may  still  con- 
^^^^  an  excitation   (muscle  impulse),  altliough  unable  to  con- 
tract, md  the  same  fact  has  been  demonstrateil  Ijy  Engelmann 
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for  the  heart  muscle.  In  the  nerve  the  action  cuiTent,  or^ 
negative  change  causing  it,  has  l^een  considered  ai?  simiiltane 
with  or  possibly  identical  with  the  nerve  impulse.  The  veloi 
of  the  two  is  identical;  the  action  current  is  p^ven  whenever 
nerve  is  stimulated,  and,  so  far  as  experiments  have  gone, 
nerve  cannot  enter  into  activity  without  showinjs:  an  aci 
current, — that  is,  ftdthoot  showing  a  moving  electrical  chai 
Whether  this  electrical  change  constitutes  the  nerve  impulse 
is  simply  an  accompanying  plieiiomenon  will  be  discussefl  bri 
in  the  paragi*aph  upon  the  natui^  of  the  nerve  impulse  in 
following  chapter* 

The   Electro  tonic    Currents.— In   speaking  of  the   effect 
passing  a  galvanic  cuiTent  through  a  ner^*e  attention  was  ca 

to  the  fact  that 
condition  of  t 
nerve  is  altered 
each  pole.  At 
anode  there  is  a  c 
dition  of  decma 
irritability  and  c 
ductivity  known 
anelectrotonuB  ; 
the  cathode,  in  ; 
beginning,  at  1^ 
a  condition  of  j 
creased  irritabr 
known  as  catel 
trot  onus.  In  ai 
tion  to  these  changes  in  the  physiological  properties  of  the  ne 
there  is  a  change  also  in  its  electrical  condition  at  each  pole, 
such  a  character  that  if  the  nerve  is  led  off  from  two  points 
the  anode  side  a  current  wiil  be  indicated.  The  pun^nt  can 
obtained  at  a  considerulile  distance  from  the  anode,  and  is  knc 
as  the  anelectrotonic  current,  while  the  electrical  condition  in 
nerve  that  makes  it  possible  is  designated  as  anelectrot^nus, 
similar  current  can  l»e  led  off  from  the  nerve  on  the  cathode  -* 
for  a  consideral>le  distance  l>eyond  the  cathode;  tliis  is  known 
the  catelectrotonic  current,  antl  the  electrical  condition  lead 
to  its  production  as  c  ate  lee  trot  on  us.  Within  the  nerve  tfc 
elect rotonic  currents  have  the  same  direction  as  the  batter}' 
polarizing  current,  as  is  shown  in  the  diagram  (Fig.  40), 
terms  anelectrotonus  and  cat^lectrotonus  are  used.  theref( 
in  physiology'  to  designate  both  the  physiological  and  the  e 
trical  changes  around  the  poles  when  a  battery  current  is 


Fig.  40,^^ — Schernii  to  ahow  the  direction  of  the  elee* 
trdlonic  currantit  in  aq  exeiiied  ncrx-e:  P,  The  battery  for 
the  |k){Aiiiing  currorit  sent  into  the  nerve  at  +,  the  ant- 
ode,  and  smerflEiiiff  tt  —,  the  cathode;  a*,  galvanotneter 
»rrsnged  with  leading  of!  electrodes  to  detect  the  anelec- 
trotonic current,  th©  direction  of  which  is  indicnted  by 
tb©  arrows  (in  the  tict^'e  it  ia  the  same  nw  that  of  the  po- 
krinng  current);  g,  KBLvanoineterftioiiraxly  urrun^ed  to  de- 
tect the  entdeiitrototiic  current.  The  anelectrotonic  and 
eateleetrotonic  rurrents  eontinue  as  Iodk  aa  the  poUinEinff 
«urrerat  is  tuaintained. 
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mto  a  nerve.  Whether  the  physiological  and  the  electrical  changes 
have  a  causal  connection  or  are  two  independent  phenomena  is 
at  present  undecided. 

Bethe*  has  shown  that  during  the  passage  of  the  polarizing  current 
the  neurofibrils  in  the  axis  cylinder  lose  at  the  anode  theu:  power  of  stain- 
injwith  certain  basic  dyes  (e.  g..  methylene  blue),  while  at  the  cathode  the 
iffinity  for  these  dyes  is  increasea.  He  assumes,  that  in  the  neurofibrils  there 
is  an  acid  substance — fibril  acid — and  that  at  the  anode  the  combination 
with  this  body  and  the  neurofibrils  is  loosened ;  hence  the  loss  of  staining 
power.   At  the  cathode  the  reverse  change  takes  place.     He  assumes  further- 


— C2 


^1 ±1IL»JI 


Fii. 50. — ^To  riiow  the  action  of  the  core-model:  p.  The  polarising  current;  a*  and 
l^jplvanaiiieters  with  leading  off  electrodes  to  detect  the  aneleotrotonic  and  cateleo- 
w*oow  eunente,  reepeotively. 

iDore,  that  when  the  affinity  between  neurofibril  and  fibril  acid  is  increased 
it  the  cathode  an  electronegative  ion  is  liberated  (anion),  while  at  the 
(oode  at  the  time  that  the  combination  between  fibril  and  fibril  acid  is  db- 
8ociatcd  an  electropositive  ion  Tcation)  is  liberated.  In  this  way  he  constructs 
*n  hypothesis  of  a  complex  of  neurofibril,  fibril  acid,  and  electrolyte  which 
Js  capable  of  accounting  for  the  electrotonus,  both  as  regards  the  electrical  and 
the  physiological  phenomena,  and  which  refers  both  phenomena  to  a  single 
'Miction  in  the  nerve. 

Another  explanation  of  the  electrotonic  currents  which  has  been  much 
<"«nissed  is  that  first  developed  by  Hermann. t  This  author  constructed 
•  model  consisting  of  a  conductor  surrounded  by  a  less  conductive  liquid 
^eath,  and  showed  that  such  a  model  is  capable  of  givine  the  electrotonic 
ynwits.  This  model  may  be  made  as  represented  in  the  accompanying 
^[«gnim,  of  a  glass  tube  A-B,  tlirough  the  middle  of  which  is  stretched  a 
Wnmn  wire,  P,  the  rest  of  the  tube  being  filled  with  a  saturated  solution 
«  one  sulphate.  The  glass  tube  is  provided  with  vertical  branches  by  means 
^  which  a  polarizing  current,  p,  can  be  sent  into  the  solution  of  zinc  sulphate 
^^  the  electrotonic  currents  be  led  off  to  galvanometers,  gr',  g,  on 
^h  side.  Under  these  conditions  a  current  similar  to  the  aneleotrotonic 
JJjfrent  can  be  detected  on  the  side  of  the  anode  (^')  and  one  equivalent  to 
^  catelectrotonic  current  on  the  side  of  the  cathode  (fj).  The  explanation 
Pven  to  these  currents  is  that  as  tlie  threads  of  current  pass  into  the  platinum 
^fe  there  is  a  polarization  at  tlie  surface  between  the  core  and  the  zinc  sul- 
Ntte  solution  which  extends  to  a  considerable  distance  on  each  side  of  the 
«ttctrodes  and  causes  diffusion  currents  from  sheath  to  core.  It  is  these 
threads  of  current  that  may  be  led  off  as  electrotonic  currents.  Hermann 
Rested  that  in  the  nerve  we  have  a  structure  essentially  similar  to  that 
^  the  core  model.  He  thought  that  the  axis  cyluider  might  be  considered 
**  representing  the  core  and  the  myelin  the  less  conductive  sheath  corre- 
^nding  to  the  zinc  sulphate  solution.    Others  (Boruttau)  have  suggested  tliat 

*  Bethe,  "  Allgemeine  Anatomic  u.  Physiol,  des  Nervensystems, "  Leipzig, 
tHennann,  "  Handbuch  der  Physiologic,"  vol.  ii,  p.  174. 
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the  neurofibrils  in  the  axis  cylinder  may  represent  the  core  or  cores  and  the  si*, 
rounding  neuroplasm  the  sheath,  thus  providing  for  the  possibility  of  electro 
tonic  currents  in  non-medullated  fibers.  As  a  matter  of  fact,  the  non-medLj 
lated  fibers  in  mammals  give  very  slight  electrotonic  currents  compared  wi^ 
the  medullated  fibers.* 

According  to  the  "core-model"  explanation,  the  electrotonic  currei* 
represent  a  purely  physical  phenomenon^  which  is  dependent,  however,  up^; 
a  certain  structure  of  the  nerve.  That  is,  a  completely  dead  ner\'e  will  a.  ^ 
^ow  these  currents,  although  an  anesthetized  nerve,  in  the  mammal  (Wallas 
at  least,  continues  to  show  them,  and,  according  to  Sosnowsky,  excised  r^ 
bits'  nerves  kept  in  a  moist  atmosphere  may  show  them  for  several  da;^^ 
While  the  core-model  hypothesis  has  led  to  much  investigation  in  phjrsiolo^ 
and  has  beea  made  the  oasis  for  a  purely  physic^J  explimation  of  the  ner^ 
impulse,  it  is  still  very  uncertain  whether  it  furnishes  any  positive  inforcku 
tion  concerning  the  processes  that  actually  take  place  in  the  hvin^  nerve  wHe 
submitted  to  the  action  of  electrical  currents  or  other  artificial  stimuli. 
♦Alcock,  "Proceedings  Royal  Society,"  1904,  73,  p.  166. 


CHAPTER  V. 

IHE  NATURE  OF  THE  NERVE  IHPULSE  AND  THE 
NUTRITIVE  RELATIONS  OF  NERVE  FIBER 
AND  NERVE  CELL 

The  question  of  the  nature  of  the  nerve  impulse  has  always 
used  the  deepest  interest  among  physiologists.  It  has  consti- 
ed,  indeed,  a  central  question  around  which  have  revolved  vari- 
hypotheses  concerning  the  nature  of  living  matter.  The  impor- 
ce  of  the  nerves  as  conductors  of  motion  and  sensation  was 
ttirent  to  the  old  physiologists,  and  the  nature  of  the  conduction 
the  thing  conducted  was  the  subject  of  many  hypotheses  and 
ay  diflFerent  names.  For  many  years  the  prevalent  view  was 
t  the  nerves  are  essentially  tubes  through  which  flows  an  ex- 
iingly  fine  matter,  of  the  nature  of  air  or  gas,  known  as  the 
nal  spirits.  Others  conceived  this  fluid  to  be  of  a  grosser  struc- 
i  like  water  and  described  it  as  the  nerve  juice.  With  Galvani's 
«very  of  electricity  the  nerve  principle,  as  it  was  called,  became 
itified  with  electricity,  and,  indeed,  this  view,  as  will  be  ex- 
ned,  occurs  in  modified  form  to-day.  Du  Bois-Reymond, 
T  discovering  the  demarcation  current  and  action  current  in 
5cle  and  nerve,  formulated  an  hypothesis  according  to  which  the 
te  fibers  contain  a  series  of  electromotive  particles,  and  by 
1  hypothesis  and  the  facts  upon  which  it  was  based  he  thought 
t  he  had  established  that  "  hundred-year-old  dream"  of  phys- 
ts  and  physiologists  of  the  identity  of  the  nerve  principle 
1  electricity.  His  theory  to-day  has  fallen  into  disrepute,  but 
facts  upon  which  it  was  based  remain,  as  before,  of  the  deepest 
wrtance.  In  the  middle  of  the  nineteenth  century  those  who 
^  not  convinced  of  the  identity  of  the  nerve  principle  with 
Jtricity  believed,  nevertheless,  that  the  process  of  conduction 
the  nerve  is  a  phenomenon  of  an  order  comparable  to  the  trans- 
^ion  of  light  or  electricity,  with  a  velocity  so  great  as  to  defy 
•asurement.  But  in  this  same  period  a  simple  but  complete 
i^riment  by  Helmholtz  demonstrated  that  its  velocity  is,  as 
spared  with  light  or  with  electrical  conduction  through  the  air 
through  metals,  exceedingly  slow, — 27  meters  per  second. 
Hiem  views  have  taken  divergent  directions;  the  movement 
excitation  that  is  conducted  along  the  fiber  has  been  named 
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the  ner\'e  prmciplc,  tlie  nene  energ\^,  the  ner\'e  force,  the  ner^ 
inipiilse.  As  the  latter  term  is  less  speciiic  reganling  the  natit^ 
of  the  movement,  anil  emphasizes  the  fact  of  the  conduction  of  ^ 
isolated  disturbance  or  pulse,  it  seems  j>referable  to  employ  * 
until  a  more  satisfactor}-  solution  of  its  nature  ha«  been  reached 
The  Velocity  of  the  Nerve  Impulse,— The  determination  c? 
the  velocity  of  the  nerve  impidse  was  first  made  by  Helmiioltz  * 
upon  the  motor  nen^e.s  of  frogg.  His  experiment  consisted  i* 
stimulating  the  sciatic  ner\^e^  first,  near  its  ending  in  the  mua^ 


Fig.  51.-— R«corrf  to  show  tlie  method  of  eatimAtins  tho  velocity  of  the  nerve  bapnlj 
tu  a  motor  oerve.  Ihe  (•xperixnent  was  made  upon  a  nerve-m  uwle  prepar&tioa  from  Kb 
iro6^  the  cantractions  bring  recorded  upon  the  rapidly  mo^'inK  pljite  of  a  peoduluni  myt 
graph.  Two  contnictiorj'^  were  obtained,  the  first  fa)  when  the  nerve  wma  atixnulst* 
near  the  mUArle  the  second  (h)  when  the  nerve  vfm^  stimulated  an  far  aa  poastble  from  tb 
mii'-cle.  The  latent  period  of  the  aecotid  c^mrraction  was  loriger.  as  shown  by  tbe  diatanc 
bet  ween  the  curves  meas^reil  on  the  line  j-.  The  value  of  thu  (tijitaaee  in  time  Is  obtaine 
by  r«r«rence  to  the  record  of  a  tuninji;  fnrk  vibrating  100  timej^  per  eeeond,  which  ia  |pv<0 
on  the  lower  hne.  In  the  exi»erimeiit  the  li»nj?th  of  a  tunintt  fork  wave  (0.01  «ec.)  waa  2 
tnmff.i  the  distance  between  tbu  two  musculur  coiUniction*  vena  3.3^  mnus-t  and  the  db 
tanoe  betweea  the  poinU  cttimuLated  upon  the  nerve  wivi  40  tnma,  Uenoe  tt)«  velocity  of  tfti 
nerv'e  impulse  in  this  exi>eriment  was  40  divided  by  (jy^^jj  X  xift)  or307l5inm(».  (30,7]6in. 
per  second. 

and,  5>econd,  near  its  origin  from  the  cord»  and  measuring  the  tinu 
that  elapscfl  in  eacli  case  l:>etween  the  moment  of  stimulation  and 
the  moment  of  t!ie  muscular  resjxjnse.  It  was  found  that  when 
the  ner\'e  wa8  stiniulated  at  its  far  end  this  time  interval  waa 
longer,  and  since  all  other  conditions  remained  the  same  this  dif- 
ference in  time  coultl  onl>^  be  due  to  the  inter\'al  required  for  tbe 
nerve  impulse  to  travel  the  longer  stretch  of  nerv^e.     In  the  accom- 

•Helmhollz,  "Mulier'a  Arcliiv  f.  Aitat.  u.  Physiol/*  1852,  p,  19^- 
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panying  figure  the  record  of  a  laboratory  experiment  of  this  kind 

is  reproduced.     Knowing  the  difference  in  time  and  also  the  length 

of  nerve  between  the  points  stimulated,  the  data  are  at  hand  to 

calculate  the  velocity  of  the  impulse.    The  velocity  varies  with  the 

temperature.     According  to  Hebnholtz,  this  variation  lies  between 

24.6  and  38.4  m.  per  second  for  a  range  of  temperature  between  11*^ 

and  21®  C.    For  average  room  temperatures  we  may  say  that  in 

the  motor  nerves  of  the  frog  the  impulse  travels  with  a  velocity 

of  28  to  30  meters  per  second.     Similar  experiments  have  been 

made  upon  man  and  other  mammals.     Helmholtz  stimulated 

the  median  nerve  in  man  at  two  different  points  and  recorded 

the  resulting  contractions  of  the  muscles  of  the  thumb.     By 

this  means  he  obtained  an  average  velocity  of  34  m.  per  second, 

but  others,  making   use  of   the   same   method,  have   reported 

vaiying   results.     Piper*    has    applied    the    string-galvanometer 

to  the  investigation  of  this  point.     Using  the  unipolar  method, 

hp«timulat€Hl  the  median  nerve  with  induction  shocks,  the  active 

pk'tnxie  l>cing  applied  at  the  elbow  and  at  the  axilla  at  a  distance 

jjfvait  of  from    16(>  to   170  mm.     The  muscular  response  was 

wmltnl  not  by  registering  the  contraction,  but  by  means  of  its 

en  current.  When  the  stimulus  was  applied  at  the  elbow  the 
rai  bi^tween  the  stimulation  and  the  electrical  response 
awaged  0,00442  second;  at  the  axilla  the  interval  was  0.00578 
^tmd.  The  difference,  namely,  0.00136  second,  gave  the  time 
Qecessary  for  the  impulse  to  travel  over  160  to  170  mm.  of  nerve, 
and  indicate  a  velocity  of  117  to  125  m.  per  second. 

It  is  inter^tiJiK  to  reoall  that  only  six  years  before  Helmholtz's  first  pub- 
V>tkn  Johannes  Miiller  had  stated  that  we  should  never  find  a  means  of 
the  velocity  of  the  nerve  impulse,  since  it  would  be  impossible 


to  compare  points  at  great  distances  apart^  as  in  the  case  of  the  movement 
rf  fight,  *The  time,"  said  he,  "  required  for  the  transmission  of  a  sensation 
from  the  periphery  to  the  brain  and  the  return  reflex  movements  of  the  mus- 
des  18  inmiitcuy  small  and  unmeasurable."  The  mode  of  reasoning  by  which 
ncbnholta  was  led  to  doubt  the  validity  of  this  assertion  is  interesting.  He 
ays  (**MuUer's  Archiv,"  1852,330):  ''^As  long  as  physiologists  thought  it 
*^8wwuy  to  refer  nerve  actions  to  the  movement  of  an  imponderable  or 
psychical  principle,  it  must  have  appeared  incredible  that  the  velocity  of  this 
Dwvemcnt  could  be  measured  within  the  short  distances  of  the  animal  body. 
At  present  we  know  from  the  researches  of  du  Bois-Reymond  upon  the  electro- 
Wive  properties  of  nerves  that  those  activities  by  means  of  which  the  con- 
action  of  an  excitation  is  accomplished  are  in  reality  actually  conditioned 
oyiOT  at  least  closely  connected  with  an  altered  arrangement  of  their  material 
Particles.  Therefore  conduction  in  nerves  must  belong  to  the  series  of  self* 
Propagating  reactions  of  ponderable  bodies,  such,  for  example,  as  the  con- 
duction of  sound  in  the  air  or  elastic  structures,  or  the  combustions  in  a  tube 
fiW  with  an  explosive  mixture."  One  of  the  first  fruits,  therefore,  of  the 
scientific  investigation  of  the  electrical  properties  of  the  ner\'e  fiber  was  the 
discovery  of  the  important  fact  of  the  velocity  of  the  nerve  impulse. 

♦Piper,  "Archiv  f.  d.  ges.  Physiologic,"  1908,  124,  591. 
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Numerous  efforts  have  been  made  to  determine  the  velocil 
of  the  ner^^e  impulse  in  meduUated  sensoty  fibers.    The  resul 
have  not  been  entirely  satisfactory^    The  end-organ  ia  this  caae  i 
the  cortex  of  the  cerebrum,  and  its  reaction  consists  in  aroustngi 
sensation,  or  a  reflex  action.     Neither  end-reaction  can  l>e  meft 
ured  directl}^    Attempts  have  been  made  to  determine  it  ind 
rectly  by  noting  the  time  of  a  voluntarv^  muscle  response  for  sensor 
stimuli  applied  to  the  skin  at  different  distances  from  the  *^piiil 
axis.     In  such  cases  the  scnsor\*  impulse  travels  to  the  cord,  theno 
to  the  brain,  and  the  return  motor  impulse  travels  from  brain  t 
cord  and  then  hy  the  motor  nerves  to  the  muscle  used  for  the  i| 
sponse.     The  results  of  this  method  have  been  discordant,  owia 
probably  to  the  fact  that  the  central  paths  from  two  different  poin( 
on  the  skin  are  not  identical     It  is  usually  assumed — ^withou^ 
however,  Yery  convincing  proof— that  the  velocity  of  the  impulse 
in  the  meduUate<i  afferent  nerve  fibers  is  the  same  as  in  the 
efferent  fibers.     A  large  number  of  observations  are  on  record 
which  show  that  the  velocity  varies  greatly  in  the  nerves  o1 
different  animals.     In  the  mammal,  according  to  Chauveau,  ih 
velocity  for  the  non-medullatetl  fibers  is  only  8  meters  per  second 
in  the  lobster  it  is  6  meters  per  second;  in  the  octopus,  2  meten 
in  the  olfactory  (sensory)  nerve  of  the  pike,  ^  meter,  and  in  tfl 
anodoUj  only  j^  meter  per  second-  ^ 

Kelation  of  the  Nerve  Impulse  to  the  WWe  of  Negativity,-^ 
A  fact  of  great  significance  is  that  the  velocity  of  the  impulse  in  th( 
motor  ner\^es  of  the  frog  corresponds  exactly  to  the  velocity  of  tb 
wave  of  negativity  as  measured  by  Bernstein,  Evident^  the  twj 
plienomena  are  eoinciilent  in  their  progress  along  the  fiber,  ai^ 
physiologists  generally  have  accepted  the  existence  of  an  action  cur 
rent  as  a  proof  of  the  passage  of  a  nerx'e  impulse.  This  belief  i 
etrengthencd  by  the  fact  that,  as  stated  above,  the  negative  wave«l 
companies  the  ner\^e  impulse  not  only  when  the  ner\^e  is  stimuiatd 
by  electricai  currents,  but  also  after  mechanical,  chemical,  or  refle 
stimulation*  The  question  has  been  raised  as  to  whether  this  elec 
trical  phenomenon  accompanies  the  nonnal  ner^'e  impulse, — that  i^ 
the  nerv'e  impulse  that  originates  in  the  ner^^e  centers,  in  the  cad 
of  motor  ncrv^es,  or  in  the  peripheral  sense  organs  in  the  case  of  sen 
6or>^  iier\'es.  In  regard  to  the  latter  rtdation  we  have  positive  evi 
dence  that  when  light  falls  upon  the  living  retina  an  elect  rical  distui 
bance  is  produced  by  the  ^'isible  rays  of  the  sjiectrum,*  and  ther 
is  ever}'  reason  to  Ijelieve  that  the  passage  of  \  isual  impulses  alonj 
the  optic  ner\'e  is  accompanied  by  an  electrical  change.  WitJ 
regard  to  normal  motor  impulses,  the  evidence  Is  also  positive  tha 
motor  discharges  from  the  central  nervous  system  are  acconipanie 

*Sw  Einthovf*!!  and  JoUv,  *'Quarterly  Jourrml  of  Exi)mmemal  Physio 
o«y,"  1,  373,  19as. 
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by  a  wave  of  electrical  potential.  This  fact  may  be  shown  by 
stimulating  the  motor  areas  in  the  cerebral  cortex  and  testing  the 
efferent  nerves,  such  as  the  sciatic,  for  an  action  current;  or  by 
stimulating  a  posterior  root  on  one  side  in  the  lumbar  region  and 
testing  the  sciatic  nerve  on  the  other  side  with  a  galvanometer.* 
Moreover,  all  influences  that  alter  the  velocity  or  strength  of  the 
nerve  impulse  affect  the  intensity  of  the  action  current  in  the  same 
manner.  It  is  believed  generally,  therefore,  that  the  electrical 
change  is  an  invariable  accompaniment  of  the  excitatory  wave, 
and  the  demonstration  of  an  action  current  in  a  nerve  is  tanta- 
mount to  a  proof  of  the  passage  of  a  nerve  impulse,  t 

Directioii  of  Conduction  in  the  Nerve. — The  fact  that  under 
nonnal  conditions  the  motor  fibers  conduct  impulses  only  in  one 
direction — f.  c,  toward  the  periphery — and  the  sensory  fibers  in 
the  opposite  direction — ^that  is,  toward  the  nerve  center — suggests, 
of  course,  the  question  as  to  whether  the  direction  of  conduction  is 
conditioned  by  a  fundamental  difference  in  structure  in  the  two 
kinds  of  fibers.  No  such  difference  in  structure  has  been  revealed 
by  the  microscope.  It  is  the  accepted  belief  in  physiology  that 
any  nerve  fiber  may  conduct  an  impulse  in  both  directions,  and 
does  so  conduct  its  impulses  when  the  fiber  is  stimulated  in  the 
middle  of  its  course.  An  entirely  satisfactory  proof  for  this 
belief  is  difficult  to  furnish  imless  the  conclusion  in  the  preceding 
paragraph  is  ad- 
mitted—the con- 
clusion, namely, 
tiiat  the  electrical 
change  is  a  neces- 
sary and  invariable 
accompaniment   of 

the  nerve   impulse.  FiS-  ^2. — Schema  to  show  the  arrangement  for  proving 

h,.^      ,  the  propa^Eation  of   the  negative  charge  in  both  directions: 

IS   not    OimCUlt  a.  The    stimulating   electrodes;   g   and   o^,   galvanometers 

to„1         1  with  leading  off  electrodes  arranged  to  snow  the  negative 

snow  by  means  variation  on  each  side. 

of  a  galvanometer 

that  when  a  nerve  trunk  is  stimulated  the  wave  of  negativity 
spreads  in  both  directions  from  the  point  stimulated  and  gives 
an  action  current  on  either  side,  as  indicated  in  the  accompany- 
ing diagram.  This  fact  holds  true  for  motor  or  for  sensory 
fibers.  The  older  physiologists  attempted  to  settle  this  question 
^  a  more  direct  way,  but  by  methods  which  later  experiments 
tave  proved  to  be  insrufficient.    They  attempted,  for  instance,  to 

^^•Gotch  and  Horsley,  "Phil.  Trans.,  Royal  Soc.,"  London,  1891,  vol. 
182  (B),  and  Boruttau,  ^'PfldKer's  Archiv,"  1901. 

t  For  a  more  extended  discussion,  see  Keith-Lucas,  Croonian  Lecture, 
™*ediiig8  of  the  Royal  Society,"  B,  85,  582,  1912. 
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unite  a  motor  and  sensory  trunk  directly,  to  cut  the  hy 
(motor)  and  the  lingual  (sensory)  and  suture,  say,  the  cent! 
of  the  lin^xal  to  the  peripheral  stump  of  the  hypoglossal, 
lation  of  this  latter  trunk,  after  union  had  been  establisl 
gigns  of  sensation  it  wa.s  considered  as  proof  that  the  effeit 
glossal  fibers  were  now  conducting  afferently .  We  now  knc 
Buch  a  case  the  old  hypoglossal  fibers  degenerate  compla 
the  new  ones  that  are  eventually  formetl  in  their  place 
growths  from  the  lingual  stump*  or  at  least  are  not  the  oh 
fibers,  and  hence  experiments  of  this  kind  are  not  so  c 
as  they  seemed  to  be  at  the  time  when  it  was  supposed  tha 
nerve  fibers  can  unite  immediately,  by  first  intention,! 
previous  degeneration.  A  similar  objection  applies  to  Pa 
often  quoted  experiment.  Bert  implanted  the  tip  of  a 
into  the  skin  of  it^  back.  After  union  had  taken  plae^ 
was  severed  at  the  base,  and  the  stump  now  attachedj 
was  tested  from  time  to  time  iis  to  its  sensibilitj 
returned  slowly.  At  first  it  was  indefinite,  but  by  the^ 
year  was  apparently  normal. 

liodifieation  of  the  ITcrve  Impulse  by  Various  Infli 
Ifarcofiis — Temperature* — The  strength  of  the  impulse 
velocity  may  be  modifieil  in  various  ways:  by  the  i 
temperature,  narcotics,  pressure,  etc.  Variations  of  i 
ture,  as  stated  before,  change  the  velocity  of  propagati^ 
impulse,  the  velocity  increasing  with  a  rise  of  temper 
to  a  certain  point.  So  also  the  irritability  as  well  as 
ductivity  of  the  nerve  fiber  is  influenced  markedly 
perature.  If  a  small  area  of  a  nerve  trunk  be  cooled  o 
the  nerve  impulse  as  it  passes  through  this  area  may  be  i 
or  decreased  in  strength  or  may  be  blocked  entirely, 
fibers  sIkjw  s<jmewhat  different  reactions  in  this  resp 
speaking  generally,  the  limits  of  conductivity  in  reb 
temperature  lie  between  0°  C.  and  50*^  C.  Cooling  a 
0°  C.  will  in  most  eases  suspend  the  conductivity, 
function  returns  promptly  upon  warming.*  By  thi 
we  can  block  the  nerve  impulses  in  a  nerve  trunk  for  an; 
length  of  time.  The  exact  relationship  between  the  tern 
of  the  nerve  and  the  velocity  of  the  impulse  has  been 
carefully  with  the  object  of  determining  the  temperah 
tieni.  It  has  been  shown  by  van't  Huff  that  the  ve 
chemical  reactions  is  inci eased  twofold  or  more  for  eac 
10  degrees  in  temperature,  that  is,  the  temperature  c< 
for  chemical  reactions  lies  between  2  and  3*  On  the  otl: 
with  most  physical  processes  the  temperature  ooefficien 
*  Howell,  Budgett,  and  Leonard,  *' Journal  of  Physiology,"  16,  21 
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^K'  range  of  temperature  lies  around  1  or  between  1  tinti 
2.  Snyder*  finds,  on  comparing  the  veloeitieK  of  the  jnipulse 
a(  (Merent  temperatures,  that  they  foHow  van't  Hoff's  law  for 
fhenjical  reactions,  that  is»  the  velocity  is  approximately  doubled 
fcy  a  rise  of  10**  C.  in  temperature  within  physiological  limits, 


^r,  expressed  in  more  general  terms, 


velocity  at  To  -^  lo 
velocity  at  To 


-2.     This 


effect  of  temperature  on  the  velocity  of  the  imjvulse  is  shown 
ifrapfneally  in  Fig.  53.    Anesthetics  and  narcotics,  tsuch  as  ether, 


Pic.  &A. — Rgutv  to  show  tlie  effect  of  temperature  on  the  velocity  of  the  nerx^e  impnhm. 
Xi mm  ifm^termtunt  two  contrmrtiDii^  of  the  RaHtrncnemiui^  were  rpnartli^irL  f^nc  whrn  tlie 
Mvanwi  ttimuliited  clotte  to  tne  mii!*ck*,  one  whi*ti  it  wa«  stiinultttrfl  further  away  (44  mm.)* 
"*  WfinmL«l  distance  between  the^  curves  as  they  rifte  ran  l>e  expre«»ud  in  time  bv  refer- 
fMB  lo  the  turting'fork  vibrution^  (2<X>  pi»r  i»ec»nd[)  fjjven  below.  For  intervKlsi  of  10^  C. 
1|101  b«  necn  that  the  velocity,  a*)  indicated  by  the  reciiprocaU  of  the  difltanc«s  bc'tween 
tpwin  of  curve*,  indicates  a  coefficient  of  two. — {Sntfder.} 


cWoroform,  cocain,  chloral,  phenol,  alcohol,  etc.,  may  be  applied 
locally  to  a  nerve  trunk,  and  if  the  applieatirm  is  made  with  rare 
the  oinductivity  and  irritahility  may  be  lessened  or  susfiended 
pWirely  at  that  point,  to  be  restored  again  when  the  narcotic 
M  removed.  It  is  an  interesting  fact  that  the  conductivity  of 
tbe  uerve  may  be  suspended  also  by  deprivation  of  oxygen,| — 
^M  is,  by  local  suffocation  or  asphyxia.  A  nerve  fiber  sur- 
founded  by  an  oxygen-free  atmosphere  will  slowly  lose  its 
wjnductivity,  and  this  property  will  be  restored  promptly  upon 
^^^  admiasion  of  oxygen,  rompression  of  a  nerve  will  also 
*^j)end  its  conductivity  without  permanently  injuring  the 
fit«r8,  provided  the  pressure  is  properly  graduated.  Lastly j 
^  ^as  explained  in  a  preceding  chapter,  the  conductivity  of  the 
•^^emay  tie  increased  or  decreased  or  suspemled  entirely  by  the 
*<'tif)n  of  a  galvanic  (pohirizifig)  current.  This  method  of  sus- 
pending conductivity  temporarily  has  been  frequently  employed 

•SnyiitT,  "Americfl.n  Journal  of  Phyaiolof^y,'*  22,  179,  1908. 
tFrahlich.  "Zeitflchfift  f.  allgemeine  Physiol.."  3,  76,  1903. 
1  Baeyprs.  i"6m/,.  2.  161»,   1U03. 
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for  experimental  purposes,  the  arrangement  being  as  represent^ 
in  Fig.  54. 

The  Refractory  Period. — In  the  ease  of  the  heart,  the  nerve 
cell,  unci  the  miisrle  it  has  been  shown  that  for  a  short  periml  aft^f 
the  tissue  enters  into  u  condition  of  functional  activity  it  m  noa^ 
irritable  toward  t\  second  stimnlus.  This  condition  of  ios^s  ^^[ 
excitability  following  upon  or  accompanying  functional  activity 
is  designated  as  the  refradory  peritxL  It  is  interesting  tn  find  thi 
a  tissue  so  irritable  as  a  nerve  fiber  exhibits  the  same  phenomenol 
For  a  very  brief  period  (0.002  to  0.000  of  a  second),  after  it  ente»l 
into  action,  iis  indicated  by  the  electrical  response,  a  second 
stimulus  throw  in  will  be  found  to  be  ineHective.  As  the  ele 
trical  change  passers  off,  that  is,  as  the  state  of  activity  subside 
the  nerve  regains  it^  normal  irritability.  The  refractory  peric 
of  the  nerve  fiber  may  be  much  prolonged  by  conditions  which  sloi 
the  processes  untlcrl\'ing  activity,  for  example,  by  low  tempera- 
tures, or  l>y  the  action  of  certain  drugs,  such  as  yohimliine  (Tait). 
The  Question  of  Fatigue  of  Nerve  Fibers* — An  important 
question  in  connection  with  the  nature  of  the  nen^e  impulse  li3^ 

Ixren  that  of  the  suscef:*- 
tibiiity  of  the  nerv^e  fibers 
to  fatigue.     The  obvioi^ 
fatigue    of   muscles  atxJ 
of  nerv^e  centers  has  be^^ 
referred  to  the  accumula** 
tion  of  the  products    ^^f 
metabolism  of  their  ti^* 
sues  or   to    the     actu.^ 
consumption   of   the  e^^' 
ergy-yiekling  material  i^ 
them.    Functional  acti^^' 
ity  in  these   tissues  ir^^* 
plies  the  breaking  do^'* 
of  complex  organic  material  (catabolisra)   and   the  setting  fre^ 
of  the  sO'<'nl!ed  chemical  eiierg>^.       The  internal  energ\"  of  tb»^ 
compound  is  liberatpd  as  kinetic  energj'  of  heat,  etc,       it  hti^ 
been  accepted,  therefore^   that  if  the  nerve  fiber  could  be  deni^ 
onstrated    to    siiow    fatigne    as  a  result  of  functional  acti%ityf 
this  fact  would  be  probable  pnwf  that  the  conduction  of  the  im- 
pulse is  associated  with  a  chemical  change  of  a  catabolic  nature  in 
the  substance  of  the  fiber.     Exf>erimental   work,  however,  has 
8ho\ra  that  under  normal  conditions  the  nen^e  fiber  shows  no 
fatigne.     The  ex|x*riment^  made  upon  this  point  have  been  nu- 
merous and  varied.    The  general  iilea  unilerlying  all  of  them  has 
been  to  stimulate  the  nerve  continuously,  but  to  interpose  a  block 


Fig.  64. — Sehchiii*  to  sbow  the  method  of  block- 
Ens  the  nerve  Impulse  by  meatui  of  a,  poUirixlti^  ctir- 
rent:  a,  The  Htiimylatinf  eIectro<lQ#;  h,  tbe  battery, 
the  current  tyt  which  i»  led  into  the  Qerve.  The  de* 
pmised  tmtability  at  both  anwlot  +,  and  isathiKle.  — » 
ptreventA  the  nec^MB  impiilMi  started  at  a  from  reacaiiic 
tJbe  mtude. 
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somewhere  along  the  course  of  the  nerve  so  that  the  impulses  should 
not  reach  the  end-organ.  This  precaution  is  necessary  because 
the  end-organ — muscle,  gland,  etc. — is  subject  to  fatigue,  and 
must  therefore  be  protected  from  constant  activity.  From  time 
to  time  or  at  the  end  of  a  long  period  of  stimulation  the  block  is 
removed  and  it  is  noted  whether  or  not  the  end-organ — for  in- 
stance, the  muscle — gives  signs  of  a  stimulation.  The  removable 
block  has  been  obtained  by  the  action  of  a  polarizing  current,  by 
cold,  by  narcotics,  by  curare,  etc.  Using  curare,  for  instance, 
Bowditch*  f  oimd  that  the  sciatic  nerve  might  be  stimulated  continu- 
ously by  induction  shocks  for  several  (four  to  five)  hours  without 
complete  fatigue,  since  as  the  curare  effect  wore  off  the  muscle 
whose  contractions  were  being  recorded  (M.  tibialis  ant.)  began 
to  respond,  at  first  with  single  and  finally  with  tetanic  contractions. 
The  curare  in  this  case  may  be  supposed  to  have  blocked  the  nerve 
impulse  at  the  motor  end-plate  and  thus  protected  the  muscle 
bm  responding  imtil  the  lapse  of  several  hours,  although  the 
nerve  was  under  stimulation  during  this  entire  time.  This 
experiment  has  since  been  repeated  by  Durig,t  who  has  made  use 
of  the  fact  that  the  effects  of  curare  can  be  removed  within  a  few 
minutes  by  the  salicylate  of  physostigmin.  Durig  stimulated  the 
nerve  for  as  much  as  ten  hours  and  then  upon  removing  the  curare 
block  found  from  the  contraction  of  the  muscle  that  the  nerve 
was  still  conducting.  EdesJ  and  others  have  sho\Mi  that  the 
fiwne  result  is  obtained  when  the  nerve  is  tested  by  a  capillary 
electrometer  instead  of  by  the  response  of  an  end-organ.  Under 
such  conditions  the  nerve  exhibits  an  undiminished  action  cur- 
J^t,  although  constantly  stimulated  by  tetanizing  shocks  from  an 
hiduction  apparatus.  Brodie  and  Halliburton  §  have  found  that 
thenon-meduUated  fibers  in  the  splenic  nerve  can  also  be  stimulated 
for  many  hours  without  losing  their  power  of  conduction, — that 
^j  without  showing  fatigue.  Many  other  observers  have  obtained 
s^niilar  results,  which  have  confirmed  physiologists  in  the  belief 
that  the  nerve  fibers  may  conduct  impulses  indefinitely,  or,  in 
other  words,  that  their  normal  functional  activity  may  be  carried 
pn  continuously  without  fatigue.  If  this  belief  is  entirely  correct 
it  would  place  the  nerve  fibers  in  a  class  by  themselves,  since  all 
other  tissues  that  have  been  studied  show  evidence  of  fatigue  when 
kept  in  continuous  functional  activity.  Moreover,  if  this  belief  is 
entirely  correct  it  would  imply  that  the  conduction  of  an  impulse 
in  the  nerve  fiber  is  not  associated  with  a  consumption  of  material, 

♦  Bowditch,  "Journal  of  Physiology,"  6, 133, 1885. 

t  Durig,  "Centralblatt  f.  PhysioL,"  15,  751,  1902. 

JEdes,  "Journal  of  Physiology,"  13,  431,  1892. 

§  Brodie  and  Halliburton,  "Journal  of  Physiology,"  28,  181,  1902. 
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a  metabolism,  and  in  this  respect  also  the  functional  activity  O 
the  nerve  would  Ije  placed  in  contrast  %vith  that  of  other  orgaiir 
It  must  be  remembered,  however,  that,  although  the  above  eiC 
j>eriments  demonstrate  the  practical  ''  unfatigueableness  *'  a» 
nerve  fibers  untler  ordinary  conditions  of  stimulation,  there  aw 
some  reiison>s  to  make  us  hesitate  in  supposing  that  in  thes< 
structures  functional  activity  is  entirely  without  a  depressinj 
effect  upon  irritability,  Garten  has  shown  that  one  nerve,  th< 
olfactory  of  the  pike,  when  stimulated  by  uiduction  shocks,  will 
an  interval  l>etween  the  stimuli  of  as  much  as  0.27  sec.,  give 
evidence  of  fatigue,  since  its  action  current,  as  measurcHl  by  tb 
capillary  electrometer,  diminishes  in  extent  quite  rapidly,  an( 
recovers  after  a  short  rest.*  So  also  it  has  becm  found  that  wliil 
a  nerve  deprived  of  oxygen,  b^^  keeping  it  in  an  atmoaphere  c 
nitrogen,  loses  its  irritability  after  a  certain  time,  this  event  occur 
much  more  rapidly  if  the  nerve  is  stimulated  constantly^f  Thi 
fact  would  suggest  that  some  oxygen  is  consumed  during  funetioiu 
acti\ity,  and  that  the  ability  of  the  nerve  under  normal  circum 
stances  to  escape  the  results  of  fatigue  may  be  due  possibly  to  th 
fact  that  the  supply  of  oxygen  is  sufficiently  abundant  to  oxidii 
promptly  the  fatigue  substances  formed  during  activity.  J 

Does  the  Nerve  Fiber  Show  Any  Evidence  of  Metabolifl 
During  Functional  Activity?— The  functional  part  of  a  nerv 
fiber  in  conduetion  is  the  axis  cylinder,  and,  indeed,  probably  th 
neurofibrils  in  the  axis  cylinder.  The  mass  of  this  material,  eve 
in  a  large  nerve  trunk,  is  small  (about  9  [ler  cent.) ,  and  its  chemistr 
is  but  little  known.  The  efforts  that  have  been  made  to  prove 
metabolism  in  the  nerve  fiber  during  activity  have  been  directe 
along  the  lim-s  indicated  by  what  is  known  of  muscle  metahohsn 
In  a  muscle  during  contraction  heat  is  produced,  the  substance  c 
the  muscle  shows  an  acid  reaction,  and  among  the  products  forme 
carbon  dioxid  gas  is  perhaps  the  most  prominent.  Efforts  to  shoi 
similar  reactions  in  stimulated  nerves  have  been  only  partiall; 
successful.  liollestonj  investigated  the  question  of  heat  produc 
tion  with  the  aid  of  a  delicate  bolometer  capal>le  of  indicating 
difference  of  temperature  of  ^^ijis^  C.  The  frog*s  sciatic  wa 
used,  but  no  increase  in  temperature  during  stimulation  coul' 
l>e  demonstrated.  Making  use  of  a  more  sensitive  instrumeni 
Hill  has  obtained  the  same  negative  result.  If  any  heat  i 
produced  by  the  transmission  of  a  nerve  impulse  it  must  b 
less,  according  to  his  meitsurements,  than  a  hundred^milliont 

*  QuotfxJ  from  Bied^rmann,  '*Ergebniase  der  Physiologic/*  vol.  ii,  part  i 
p,  129. 

tTh6mcr,  "Zrit.sdmfr.  f.  ^ill^s    Phv-Hiologif;*  H,  530,  1908, 
JRollt-ston,  ^Mnyrnal  of  Pliysioloib';'  11.  208,  1890. 
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of  a  degree  centigrade.*  On  the  other  hand,  Tashirof  reports 
that,  by  means  of  a  new  method  which  is  capable  of  detecting  as 
litUe  as  0.0000001  gm.  of  carbon  dioxid,  he  has  been  able  to  show 
that  the  resting  nerve  produces  carbon  dioxid  and  that  this  pro- 
duction is  increased  about  two  and  a  half  times  when  the  nerve  is 
stimulated.  Additional  evidence  for  the  occurrence  of  a  nerve 
metabolism  during  activity  is  found  in  the  fact,  already  alluded 
to,  that  oxygen  plays  a  part  in  maintaining  the  irritability  of 
nerves.  An  excised  frog's  nerve  loses  its  irritability  in  an  atmos- 
phere deprived  of  oxygen,  and  regains  it  promptly  when  oxygen 
is  again  supplied.  When  stimulated  in  an  atmosphere  free  from 
oxygen  the  nerve  shows  signs  of  fatigue,  while  in  the  presence  of 
oxygen  activity  is  maintained,  one  may  say  indefinitely,  under 
continuous  stimulation.  These  facts  warrant  the  belief  that 
oxygen  is  used  by  the  nerve  during  activity,  and  presumably  it 
is  used  in  this  as  in  the  other  tissues  to  produce  physiological 
oxidations.  Another  fact  which  points  in  the  same  direction 
is  the  high  value  of  the  temperature  coefficient  for  nerve  conduc- 
tion, which  has  been  referred  to  above.  Bearing  these  two 
general  considerations  in  mind,  we  can  hardly  escape  the  con- 
viction that  the  functional  activity  of  the  nerve  fiber  is  connected 
with  a  chemical  reaction  of  some  kind,  most  probably  a  reaction 
in  which  some  material  in  the  nerve  undergoes  oxidation. 

Views  as  to  the  Nature  of  the  Nerve  Impulse. — The  older  con- 
ceptions of  the  nerve  principle,  while  they  varied  in  detail,  were 
hased  upon  the  general  idea  that  the  nervous  system  contains  a 
naatter  of  a  finer  sort  than  that  visible  to  our  senses.  This  matter 
was  pictured  at  first  as  a  spirit  (animal  spirits),  and  later  as  a  mate- 
rial comparable  to  the  luminiferous  ether  or  to  electricity.  Since 
the  discovery  that  the  nerve  impulse  travels  with  a  relatively  slow 
velocity  and  is  accompanied  by  a  demonstrable  change  in  the 
electrical  condition  of  the  nerve,  many  different  views  regarding 
its  nature  have  been  proposed.  In  discussing  the  matter  it  is 
evident  that  two  perhaps  different  phenomena  have  to  be  consid- 
^,  namely,  the  act  of  excitation  by  natural  or  artificial  stimuli 
*nd  the  act  of  propagation  or  conduction.  Formerly,  it  was  held 
ill  a  general  way  that  the  nerve  impulse  depends  upon  the  breaking 
down  of  some  unstable  substance  within  the  axis  cylinder.  It  was 
assumed  that  this  sensitive  and  unstable  material  is  upset  by  the 
^ergy  of  the  stimulus  at  the  point  stimulated,  and  that  the  energy 
thus  liberated  acts  upon  contiguous  particles,  and  so  the  disturb^ 
*oce  is  propagated  along  the  nerve  as  a  progressive  chemical 

•HiU  "Journal  of  Physiology,"  43,  433,  1911-12. 

tTasniro,  "American  Journal  of  Physiology,"  "Proc.  of  Am.  Physiologi- 
cal Soc.,"  31,  22,  1913. 
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change  which  in  a  verj"  general  way  nia^^  be  compared  to  the  pa^^- 
sage  of  a  spark  along  a  line  of  gunpowder,     A  fundamental  ol>- 
jeetion  to  hucIi  a  view  is  the  iineertainty  of  the  proof  regarding  tine 
consumption  of  material  in  a  nerve  during  activity,  as  has  been  ex* 
plained  in  the  preceding  sections.     Quite  the  opposite  point  of 
\Hew  has  also  been  held,  namely,  the  idea  that  the  nerv^e  impuls*" 
IS  a  purely  physical  process,  which  involves  no  chemical  chari|;^ 
and  no  using  up  of  material.     \'arious  suggestiuns  have  been 
offered  a^^  to  the  character  of  this  physical  change,  but  the  one  th^t 
is  perhaps  most  worthy  of  consideration  identifies  the  nerve  ina* 
pulse  with  the  negative  electrical  change  that  is  known  to  pvL&^ 
along  the  fiber.     It  is  assumed  that  this  electrical  change  consti- 
tutes the  nerve  impulse,  and  to  explain  its  occurrence  and  propa^^r 
tion  from  a  physical  standpoint  it  has  been  supposed  that  t  to^ 
nerve  fiber  hiLs  a  structure  essentially  similar  to  the  *'  core  condLB.*c- 
tor  "  (see  p.  107),  in  that  it  contains  a  central  thread  surroimde*!  fc^y 
a  liquid  sheath  of  less  conductive  material     The  central  thre.^^ 
may  be  suppased  to  be  the  axis  cylinder  and  the  less  conduct!  ^^f* 
sheath  the  surrounding  myelin,  or,  perhaps^  to  follow  another  si«*-8 
gestion  that  fits  the  non-medullated  as  well  as  the  medu Hated  fibe^^*^ 
the  central  threads  are  represented  by  the  neurofibrils  witliin  t      ^^ 
axis  C3dinder  and  the  surrounding  sheath  by  the  perifibrilB-^  ^ 
substance.     That  the  axis  cylinder  is  a  better  conductor  th-^itm 
the  myelin  sheath    has    been  indicated  by  the  niicrochemicr^^* 
researches  of  Macalluni,     Tliis  observer  has  shown  that  in  i^^^ 
axis  cylinder  the  chlorids  exist  in  greater  concentration  than      ^^ 
the  surrounding  sheath,*     The  point  of  importance  is  that,  wi-^^^ 
a  core  model  (see  Fig.  50),  consisting  of  a  glass  tube  with  a  co  *^ 
of  platinum  wire  and  a  sheath  of  solution  of  sodium  chlori^c^* 
0,6  per  cent,,  electrical  phenomena  can  l»e  obtained  similar  V^ 
those  shown  by  the  stimulated  nerve.    If  an  induction  current^ 
serving  as  a  stimulus,  is  sent  into  one  end  of  such  an  artificicJ 
nerve  and  from  the  other  end  two  leading  off  electrodes  are 
connected   with  a  galvanometer,  then  we  can  tlemonstrate  by 
means  of  the  galvanometer  that  an  electrical  charge  is  propagated 
along  the  model  at  each  application  of  the  stimulus.     And,  as 
such    a   moving   electrical    tlisturbance    is    the   only   objective 
phenomenon  known  to  occur  in  the  stimulated  nerve^  it  has  beea 
assumed   that   it  constitutes    the   nerve    impulse.      When    this 
electrical   disturbance   reaches   the   end-organ,— the  muscle,   for 
instance, — it   initiates  the   chemical   changes   that    characterize 
the  activity  of  the  organ.     This  kind  of  theor>'  makes  the  nerve 
impulse  an  eliK:trical  phenomenon,  and  assumes  that  the  nerve 

•  MacaUmn,  "Proctyedings  of  the  Royal  Society/'  1906,  B.  Ixxvii.,  165, 
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fibers  have  become  diflferentiated  to  form  a  specifie  kind  of 
conductor,  the  efficiency  of  which  depends  upon  its  having  a 
structure  similar  to  that  of  a  "  core  conductor."  Other  theories 
*  of  a  physico-chemical  character  have  been  proposed  especially 
to  explain  the  initial  excitation  caused  by  a  stimulus  and  the 
electrical  phenomena  responsible  for  the  action  current.  Nemst 
has  supposed  that  the  electrolytes  contained  in  the  axis  cyUnder 
lie  within  membranous  partitions  which  are  impermeable  to  the 
passage  of  certain  ions.  When  an  electrical  current  is  passed 
through  a  nerve,  it  is  conveyed  of  course  by  the  dissociated  elec- 
trolytes, and  in  consequence  of  the  impermeable  character  of  the 
septa,  there  will  be  a  concentration  of  positively  charged  ions  at 
one  face  of  the  membranes  and  of  negatively  charged  ions  at  the 
other.  When  the  concentration  of  the  ions  reaches  a  certain  point, 
excitation  occurs.  The  nature  of  the  excitation  xmder  such 
mumstances  has  been  further  imagined  by  Hill,  who  suggests 
that  some  sensitive  substance,  presumably  a  colloid,  exists  in  the 
Mve  in  combination  with  certain  ions.  This  combination  is  in 
an  unstable  or  critical  state,  and  when,  in  consequence  of  a  stimulus 
of  any  kind,  the  concentration  of  ions  in  combination  with  it  is 
increased,  it  breaks  down  and  this  act  constitutes  the  excitation, 
'Which  is  then  propagated  along  the  nerve.  This  author  has 
treated  his  assumption  mathematically  to  ascertain  how  far  it 
accords  with  the  known  facts  of  the  stimulation  of  nerves  with 
dectrical  currents.  It  should  be  added  that  these  and,  indeed, 
^1  specific  theories  of  the  nature  of  the  nerve  impulse  are,  at 
present,  matters  for  discussion  and  experiment  among  specialists, 
^e  are  far  from  having  an  explanation  of  the  nerve  impulse 
resting  upon  such  an  experimental  basis  as  to  command  general 
acceptance.* 

Qualitatiye  Differences  in  Nerve  Impulses  and  Doctrine  of  Spe* 
^c  Kerve  Energies. — ^Whether  or  not  the  nerve  impulses  in  vari- 
ous nerve  fibers  differ  in  kind  is  a  question  of  great  interest  in  physi- 
ology. The  usually  accepted  \dew  is  that  they  are  identical  in 
character  in  all  fibers  and  vary  only  in  intensity.  According  to 
this  view,  a  sensory  nerve — ^the  auditory  nerve,  for  instance — car- 
n^  impulses  similar  in  character  to  those  passing  along  a  motor 
nerve,  and  the  reason  that  in  one  case  we  get  a  sensation  of  hearing 
and  in  the  other  a  contraction  of  a  muscle  is  found  in  the  manner 
of  ending  of  the  nerve,  one  terminating  in  a  special  part  of  the  cortex 

*  For  a  summary  of  the  literature  upon  the  nature  of  the  nerve  impulse 
ronaJt  Bonittau,  "Zeit.  f.  allg.  Physiologie,"  1,  1,  Sammelreferate,  1902; 
Biedennann,  ''E^ebmsse  der  rhysiologie,"  vol.  ii,  part  ii,  1903;  Hering. 
"Zur  Theone  der  Nerventhatigkeit,"  1899;  Hill,  "Journal  of  Physiology/^ 
40, 190, 1910;  Lucas,  ibid.j  p. '224;  and  Croonian  Lecture,  "Proceedings  Royal 
Society,"  B.  85,  682,  1912. 
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of  the  cerebrum,  the  other  in  a  muscle.  From  thiJ5  staudpo. 
the  ner%'e  fiK>ers  may  be  compared  to  electrifal  wires.  The  cume 
conducted  by  the  wires  is  similar  in  all  cases,  but  may  give  rise 
very  different  effects  according  to  the  way  in  which  the  wires  te 
minate,  whether  in  an  explosive  mixturet  an  arc  light,  or  sokitiot 
of  electrolytes  of  various  kinds.  We  have  in  physiolog)^  what  i 
known  as  tlie  doctrine  of  specific  nerve  energies,  first  foitnubte' 
by  Johannes  MiUler,  This  doctrine  expre^se^s  the  fact  that  aerv 
iibem  when  stimulated  give  only  one  kind  of  reaction,  whethe 
motor  or  sensory,  no  matter  in  what  way  they  may  be  stimulated 
The  optic  nerve,  for  instance,  gives  us  a  >sensatioii  of  light,  usuall] 
because  light  wavers  fall  on  the  retina  and  thus  stimulate  the  opti' 
nerve.  But  if  we  apply  other  forms  of  stimulation  to  the  nerv' 
they  will  also,  if  effective,  give  a  sensation  if  light.  Cutting  tb 
optic  tierve  or  stimulating  it  with  electrical  currents  gives  visua 
sensations.  On  the  identity  theory  of  the  nerve  impulses  th 
specific  energies  of  the  varioos  nerves — that  Is.  the  fact  that  eac 
gives  only  one  kind  of  response — is  referred  entirely  to  the  charW 
teristics  of  the  tmsue  in  which  the  fibers  end.  If,  as  has  been  sai< 
one  could  successfully  attach  the  optic  nerve  to  the  ear  and  tl 
autlitory  nerve  to  the  retina  then  we  should  see  the  thunder  as 
hear  the  lightning. 

The  alternative  theor\^  supposes  that  nerv^e  impulses  are  B 
identical  in  difTerent  fibers,  hut  vary  in  quality  as  well  as  intensit 
and  that  the  specific  energies  of  the  various  fibers  depend  in  part 
least  on  the  character  of  the  impulses  that  they  transmit,  f 
this  theory  one  might  sfjeak  of  visual  impulses  in  the  optic  nerv 
as  something  difTerent  in  kind  from  the  auditory  impulses  in  t 
auditory  fibers.  With  our  present  methods  of  investigation  t 
question  is  one  that  can  not  t»e  definitely  decided  by  experiment 
investigation;  most  of  the  discussion  turns  upon  the  applicabiU 
of  the  doctrine  to  the  explanation  of  various  conscious  reactio 
of  the  sensory  nerv^es. 

80  far  as  experimental  work  has  been  carried  out  on  efferc 
ner\"es,  it  is  undoubtedly  in  favor  of  the  identity  theory.  T 
action  current  is  similar  in  all  nerves  examined;  the  reactionra 
artificial  stimuli  are  essentially  similar.  Moreover,  nerves  i 
one  kind  may  be  sutured  to  nerv^es  of  another  kind,  and,  after ^ 
generation  has  taken  place,  the  reactions  are  found  to  be  detc 
mined  solely  by  the  place  of  ending  (see  p.  80). 

The  Nutritive  Relations  of  the  Nerve  Fiber  and  Nerve  Cel 
—In  recent  times  in  accordance  with  the  so-called  neuron  doctrin 
(see  p,  128)  every  axis  cylinder  has  been  considered  as  a  process  c 
a  ncrv^e  cell,  and  therefore  as  a  part,  morphologically  speaking,  c 
that  cell.     However  this  may  be,  there  is  excellent  experiment! 
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evidence  to  show  that  the  physiological  integrity  of  the  axis  cylinder 
depends  upon  its  connection  with  its  corresponding  nerve  cell.  This 
view  dates  from  the  interesting  work  of  Waller,*  who  showed  that 
if  a  nerve  be  severed  the  peripheral  stump,  containing  the  axis  cyl- 
indere  that  are  cut  oflf  from  the  cells,  will  degenerate  in  a  few  days, 
lie  process  of  degeneration  brought  about  in  this  way  is  known 
as  secondary  or  Wallerian  degeneration.  The  central  stump,  on 
the  contrary,  remains  intact,  except  for  a  short  region  immediately 
contiguous  to  the  wound,  for  a  relatively  long  period,  extending 
perhaps  over  years.  Waller,  therefore,  spoke  of  the  nerve  cells  as 
fonning  the  nutritive  centers  for  the  nerve  fibers,  and  this  belief 
is  generally  accepted.  In  what  way  the  cell  regulates  the  nutrition 
of  the  nerve  fiber  throughout  its  whole  length  is  unknown.  Some  of 
the  cells  in  the  lumbar  spinal  cord,  for  instance,  give  rise  to  fibers  of 
the  sciatic  nerve  which  may  extend  as  far  as  the  foot,  and  yet 
throughout  their  whole  length  the  nutritive  processes  in  these  fibers 
are  dependent  on  influences  of  an  unknown  kind,  emanating  from 
the  nerve  cells  to  which  they  are  joined.  These  influences  may 
consist  simply  in  the  effect  of  constant  activity;  that  is,  in  the 
conduction  of  nerve  impulses,  or  there  may  be  some  kind  of  an 
actual  transferal  of  material.  This  latter  idea  is  supported  by  the 
interesting  fact,  which  we  owe  to  Meyer,  that  tetanus  and  diph- 
theria toxins  may  be  transmitted  to  the  central  nervous  system 
ky  way  of  the  axis  cylinders  of  the  nerve  fibers.  By  means  of  his 
Diethod  Waller  investigated  the  location  of  the  nutritive  centers 
for  the  motor  and  sensory  fibers  of  the  spinal  nerves.  If  an  anterior 
foot  is  cut  the  peripheral  ends  of  the  motor  fibers  degenerate 
throughout  the  length  of  the  nerve,  while  the  fibers  in  the  stump 
attached  to  the  cord  remain  intact;  hence  the  nutritive  centers 
for  the  motor  fibers  must  lie  in  the  cord  itself.  Subsequent  histo- 
logical work  has  corroborated  this  conclusion  and  shown  that  the 
Diotor  fibers  of  the  spinal  nerves  take  their  origin  from  nerve  cells 
Hingin  the  anterior  horn  of  gray  matter  in  the  cord,  the  so-called 
Diotor  or  anterior  root  cells.  If  the  posterior  root  is  cut  between 
fte  ganglion  and  the  cord,  the  stump  attached  to  the  cord  degener- 
ates; that  attached  to  the  ganglion  remains  intact,  and  there  is  no 
^^neration  in  the  nerve  peripheral  to  the  ganglion  (Fig.  55).  If, 
however,  this  root  is  severed  peripherally  to  the  ganglion  degenera- 
tion takes  place  only  in  the  spinal  nerve  beyond  the  ganglion.  The 
nutritive  center,  therefore,  for  the  sensory  fibers  must  lie  in  the  pos- 
terior root  ganglion,  and  not  in  the  cord.  This  conclusion  has  also 
^  abundantly  corroborated  by  histological  work.  It  is  known 
that  the  sensorj'  fibers  arise  from  the  nerve  cells  in  these  ganglia. 

•Waller,  "Mailer's  Archiv,"   1852,  p.  392;  and   "Comptes  rendiw  de 
1  Acad,  de  la  Science,"  vol.  xxxiv.,  1852. 
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By  the  same  means  it  has  been  shown  that  the  motor  fibers  in  the 
cranial  nen^es  arise  from  nerve  cells  (nuclei  of  origin)  sitnated  in 
the  brain,  while  the  sensory  fibers  of  the  same  ner\*es,  with  the 
exception  of  the  olfactory  and  optic  nerves  which  form  special  cases, 
arise  from  senjsory  gangha  lying  outside  the  nervous  axis,  such,  for 


Fig.  5B, — DiAgram  to  sihow  the  di taction  of  deKeneratiati  on  seetion  of  the  anteriat 
and  the  potsterior  root,  respectively.    Tbe  deieeneratecl  portion  is  rttpreflsated  in  black. 

instance,  as  the  spiral  gaugha  of  the  cochlear  nerve,  or  the  gan- 
glion serailunare  (GasvSerian  ganglion)  of  the  fifth  cranial  nerve, 

Nerve  Degeneration  and  Regeneration. — When  a  ner\-e 
trunk  is  cut  or  is  killed  at  any  |H>iiit  by  crushing,  heating,  or  other 
means  all  the  fibers  peripheral  to  the  point  of  injury'  imdergo  de- 
generation. This  is  an  incontestable  fact,  and  it  is  important  to 
bear  in  mind  the  fact  that  the  definite  changes  included  under 
the  term  degeiu^ratiuu  nvv  exliibited  only  by  living  fibers.  A 
dead  nerve  or  the  nerves  in  a  dead  auinial  show  no  such  changes,* 
The  older  physiologists  tlunight  that  if  the  severed  ends  of 
the  nerves  were  brought  together  by  sutures  they  might  unite 
by  first  intention  without  degeneration  in  the  peripheral  end. 
We  know  now  that  this  degeneratiLJU  i^  inevitable  once  the 
living  continuity  of  the  fibers  has  been  interrupted  in 
any  way*  Any  functional  union  that  may  occur  is  a  slow 
process  involving  an  act  of  regeneration  of  the  fibers  in  the  peripheral 
stump.  The  time  required  for  the  degeneration  differs  somewhat 
for  the  different  kinds  of  fitiers  found  in  the  animal  body.  In  the 
dog  and  in  other  mammalia  the  degeneration  begins  in  a  few  (four) 
days;  in  the  frog  it  may  require  from  thirty  to  one  hundred  and 
forty  days,  depentling  upon  the  season  of  the  year,  although  if  the 
frog  is  kept  at  a  high  temperature  (3U°  C)  degeneration  may 
proceed  as  rapidly  as  in  the  mammab  In  the  dog  it  proceeds  so 
quickly  that  the  process  seems  to  be  simuHaneons  throughout  the 
whole  peripheral  stump,  while  in  the  frog,  and,  according  to  Bethe* 

*  84^  Van  (Sohuchtni,  ''l^  N^vrtixe/'  1?K)5.  vii.,  203. 


Fig.  56. — UiBtology  of  a  degeneratiog  nerve  fiber. 


Fig.  57. — Embryonic  fibers  in  a  regenerating  nerve. 


Fig.  58. — A  newly  developed  fiber  in  a  regenerating  nerve  fiber. 


NATURE  OF  THE  NERVE  IMPULSE.  125 

in  the  rabbit,  it  can  be  seen  clearly  that  the  degenerative  changes 
begin  at  the  wound  and  progress  peripherally.  The  fibers  break 
up  into  ellipsoidal  segments  of  myelin,  each  containing  a  piece  of 
the  axis  cylinder,  and  these  segments  in  turn  fragment  very  irregu- 
larly into  smaller  pieces  which  eventually  are  absorbed*  (Fig.  56). 
The  central  stump  whose  fibers  are  still  connected  with  the  nerve 
cells  undergoes  a  similar  degeneration  in  the  area  immediately 
contiguous  to  the  wound,  but  the  degenerative  processes  extend 
for  only  a  short  distance  over  an  area  covering  a  few  intemodal 
segments.  Although  the  central  ends  of  the  fibers  remain  sub- 
stantially intact,  it  is  interesting  to  find  that  the  nerve  cells  from 
which  they  originate  undergo  distinct  changes,  which  show  that 
they  are  profoundly  affected  by  the  interruption  of  their  normaJ 
connections  (see  p.  127).  In  the  peripheral  end  the  process  of 
regeneration  begins  almost  simultaneously  with  the  degenerative 
changes,  the  two  proceeding,  as  it  were,  hand  in  hand.  The  regen- 
I  eration  is  due  to  the  activity  of  the  nuclei  of  the  neurilemmal  sheath. 
These  nuclei  begin  to  multiply  and  to  form  around  them  a  layer  of 
protoplasm,  so  that  as  the  fragments  of  the  old  fiber  disappear 
their  place  is  taken  by  numerous  nuclei  and  their  surrounding 
cytoplasm.  Eventually  there  is  formed  in  this  way  a  continuous 
strand  of  protoplasm  with  many  nuclei,  and  the  fiber  thus  produced, 
which  has  no  resemblance  in  structure  to  a  normal  nerve  fiber, 
is  described  by  some  authors  as  an  "embryonic  fiber";  by  others 
fisa"band  fiber*'  (Fig.  57).  In  the  adult  animal  the  process  of 
Regeneration  stops  at  this  point  unless  an  anatomical  connection 
is  established  with  the  central  stump,  and,  indeed,  such  a  connection 
is  usually  established  unless  special  means  are  taken  to  prevent  it. 
The  central  and  peripheral  stumps  find  each  other  in  a  way  that 
is  often  remarkable,  the  union  being  guided  doubtless  by  intervening 
connective  tissue. 

Forsmannst  has  emphasized  this  peculiar  attraction,  as  it  were,  be- 
tween the  peripheral  and  the  central  encu,  giving  some  reason  to  believe  that 
ft  »  a  case  of  chemotaxis  or  chemotropism.     When  the  ends  of  the  nerves 
werefiven  very  imusual  positions  by  means  of  coUodium  tubes  into  which 
they  were  inseited  they  managed  to  "  find  "  each  other.     Moreover,  he  states 
that  a  central  stump,  if  given  an  equal  opportunity  to  ^ow  into  two  collo- 
diiun  tubes,  one  containing  liver  and  the  other  brain  tissue,  will  chose  the 
Jattetf  a  fact  which  would  indicate  some  underlying  chemical  attraction  or 
affinity  in  nerve  tissue  for  nerve  tissue.     A  directive  influence  of  this  kind 
depending  upon  some  property  connected  with  chemical  relationship  is  desig- 
nated as  **  chemotaxis.'' 

If  the  central  and  peripheral  stumps  are  brought  together  by 

•See  Howell  and  Huber,  "Journal  of  Physiology,"  13,  335,  1892;  also 
iott  and  Halliburton,  *'  Proceeding  Royal  Society,^  1906,  B.  Ixxviii.,  259. 
rid  Cajal,  "  Trabajos  del  laboratono  de  investigaciones  biologicas  (Univ.  ot 
fadrid),"  vol.  4,  119,  1906. 

t  Foramanns,  "Zeigler's  Beitrage,"  27,  216,  1902. 
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suture  or  grow  together  in  any  way,  then,  tinder  the  influence  of  ih 
central  end,  the '*  band  fiber''  gradually  becomes  transformed  inti 
a  normal  nerve  fiber,  with  myelin  sheath  and  axis  cylinder  (Fig.  583 
It  is  possible  that  tliis  result  is  due  to  loeal  processes  in  tb. 
band  fiber  stirimlated  by  nutritive  influences  of  some  kind  fron 
the  central  stump,  but  more  probably  there  is  an  actual  flown 
growth  of  the  axis  cylinders  from  the  central  ends.  In  suppor 
of  this  latter  view,  it  may  be  said  that  the  outgrowth  of  tin 
new  axis  cylinders  from  the  old  ones  present  in  the  fibers  of  tb< 
central  stump  has  l>een  followed  niore  or  less  successfully  by  i 
number  of  histologists. 

B«'the*  hat*  thrown  some  doubt  ui>oii  this  view,  for  he  has  shown  ftpptr 
enily  thnt  in  young  mammals  (oig)it  tlayw  to  eight  weeks)  the  reKienenitioii  o 
the  fibers  in  ike  [jeripheral  stump  doet<  not  stop  at  the  Htage  of  *%aiid  fibers,' 
but  progn^sMes  until  perfectly  aornial  nen'e  fibers  are  produeed^  evpii  though 
(HI  rtiuneerion  is  niiuir  with  the  ccnilral  stump.  It  should  be  added,  however 
(h.it  the  fibers  w  forniwJ  do  not  persist  indefinitely  imless  they  become  oott 
iiectetl  with  the*  eentral  nfump.  If  this  eoimection  fails  to  Uvke  piaee,  ih* 
(lewly  fr^niKHl  filn'Ts  will  degenemfe  after  an  inter^^a!  of  some  months,  Still 
the  faet.  if  true,  that  in  the  vonng  fiber  the  nw*titTation  is  complete  i^eems  14 
in»hc":ite  thai  the  axis  t^vlintler  may  arise  independently  of  the  fibers  in  tlw 
eentral  stiJm[>. 

Whether  or  not  Bet  he  s  obser^^at  ions  upon  the  autorei^eneraticm  of  t!l< 
axi.s  evlindt^rs  in  the  severiHi  nerv'i's  of  young  animals  nan  be  accepted  u 
doubtful,  the  bahinre  of  evidence  iit  preseiil  seems  to  in<^iicate  that  what  h** 
Umk  for  autoregenerate<l  fibfrw  were  really  fibers  which  (crew  into  thf  d^ 
generated  tmnk  from  the  surrounding  tissue. 

Degenerative  Changes  in  the  Neuron  on  the  Central  Sidi 
of  the  Lesion. — ^  According  to  the  Wallerian  law  of  degeneration 
as  originally  stated,  the  nerv^e  fiber  on  the  central  side  of  the  Injury 
and  the  nerve  cell  itself  do  not  undergo  any  change.  As  a  mattei 
of  fact,  the  central  stump  immediately  contiguous  to  the  lesioi 
underfjoes  typical  degeneration  and  regeneration  similar  to  thai 
deBcril)ed  for  the  fibers  of  the  peripheral  stump.  The  immedi&tl 
degenerative  changes  in  the  fibers  in  the  central  stump  were  supposec 
to  extend  back  only  to  the  first  no<le  of  Ranvier, — to  affect,  there- 
fore, only  the  internoilal  segn^ent  actually  injured.  Later  it  w« 
found  that  the  degeneration  may  extend  back  over  a  distance  a 
sevemi  internmial  segment-s-  This  limited  degeneration  on  th)( 
central  side  must  be  considered  as  traumatic, — that  is.  it  involve 
only  those  portions  directly  injured  by  the  lesion.  The  centra 
end  of  the  fiber  in  gtnieral  was  supposed  to  remiiin  intact  as  lon| 
ns  its  eel!  of  origin  w;us  iKirniaL  It  was  thought  at  first  that  afte: 
simple  section  i»f  a  nerve  trunk,  m  amputation,  for  instance,  th< 
nerv^c  cells  and  eentral  stumps  remain  nonnal  throughout  the  lifi 

*  BethL%  "Allgcineinc  Anat.  u.  Ph>'siologie  des  NervcD^ysteiiiA,''  1903* 
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of  the  individual.  Dickinson,  however,  in  1869  *  showed  that  in 
amputations  of  long  standing  the  motor  cells  in  the  anterior  horn 
of  the  cord  decrease  in  number  and  the  fibers  in  the  central  stump 
become  atrophied.  This  observation  has  been  corroborated  by 
other  ohfiervers,  and  it  is  now  believed  that  after  section  of  a  nerve 
chiQDic  degenerative  changes  ensue  in  the  course  of  time  in  the 
cental  fibers  and  their  cells,  resulting  in  their  permanent  atrophy. 
We  have,  in  such  cases,  what  has  been  called  an  atrophy  from 
disuse.  A  fact  that  has  been  discovered  more  recently  and  that 
is  perhaps  of  more  importance  is  that  the  nerve  cells  do  undergo 
certain  definite  although  usually  temporary  changes  immediately 
•fterthe  section  of  the  nerve  fibers  arising  from  them.  It  has  been 
shown  that  when  a  nerve  is  cut  the  corresponding  cells  of  origin 
Baay  show  distinct  histological  changes  within  the  first  twenty-four 
hours.  These  changes  consist  in  a  circumscribed  destruction  of 
the  chromatin  material  in  the  cells  (chromatolysis),  which  in  a 
short  time  extends  over  the  whole  cell,  so  that  the  primary  staining 
power  of  the  cell  is  lost  (condition  of  achromatosis)  (see  Fig.  63). 
The  cell  also  becomes  swollen  and  the  nucleus  may  assume  an 
ocentric  position.  These  retrogTCSsive  changes  continue  for  a 
certain  period  (about  eighteen  days).  After  reaching  their  maxi- 
mum of  intensity  the  cells  usually  undergo  a  process  of  restitution 
ttd  regain  their  normal  appearance,  although  in  some  cases  the 
<iegeneration  is  permanent.  According  to  other  observers  a  number 
<rf  the  cells  in  the  spinal  cord  and  spinal  ganglia  undergo  simple 
•trophy  after  section  of  their  corresponding  nerves,  and  some  of 
the  nerve  fibers  in  the  central  stumps  may  also  show  atrophy, 
^  others  undergo  a  genuine  degeneration,  which,  however, 
comes  on  much  later  than  in  the  peripheral  stumps.  It  seems 
evident  that  the  behavior  of  the  cells  and  fibers  on  the  central  side 
of  the  section  is  not  uniform;  atrophy  rather  than  degeneration  is 
the  change  that  is  prominent,  and  this  atrophy  in  some  neurons 
occurs  early,  while  in  others  it  is  apparent  only  after  a  long  interval 
of  time.  An  explanation  of  this  variation  in  the  reaction  of  the 
*»erve  cells  and  their  disconnected  central  stumps  cannot  yet  be 
given.  On  the  peripheral  side  of  the  section,  as  stated  above,  the  de- 
generative changes  are  complete  and  affect  all  of  the  fibers.t 

•"Journal  of  Anatomy  and  Physioloogy,"  3,  176,  1869. 

t.Niaal,  "Allgemeine  Zeitschrift  f .  Psychiatrie,"  48, 197, 1892.  Also  Bethe, 
*J^M  and  Ranaon,  "  Retrograde  Degeneration  in  the  Spinal  Nerves,"  The 
^^wnial  of  CcNDtiparative  Neurology  and  Psychology,  1906,  xvi.,  265. 
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CHAPTER  VI. 


STRUCTURE  AND  GENERAL  PROPERTIES  OF  THE 
NERVE  CELL. 

The  Keuroa  Doctrme, — Since  the  last  decade  of  the  nineteen  ^^-^ 

century  the  physiology  of  the  nervous  system  has  been  treat^^ 
from  the  atandpoint  of  the  neuron.    According  to  this  point  *^* 
view,  the  entire  nervous  system  is  made  up  of  a  series  of  unifc^^ 
the  neurons,  which  are  not  anatomically  continuous  with  eacri* 
other,  but  communicate  by  contact  only.     It  has  been  taught  sls^^ 
that  each  neuron  represents  from  an  anatomical  and  physiologic-^i^ 
standpoint  a  single  nen^e  cell,     Tlie  typical  neuron  consists  cf^ 
a  cell  body  with  short,  branching  processes^  the  dendrites,  and  ^^ 
single  axis  cylinder  process,  the  axon  or  axite,  which  becomes . 
nerve  fiber,  acquiring  its  myelin  eheath  at  some  distance  from  thi 
celL    According  to  this  view,  the  peripheral  nerve  fibers  are  simply*^ 
long  processes  from  nerve  cells.     Within  the  central  nerv'ons  systen^^ 
each  neuron  connects  with  others  according  to  a  certain  schema. 
The  axon  of  each  neuron  ends  in  a  more  or  less  branched  **  terminal 
arborization/'  forming  a  sort  of  end-plate  which  lies  in  contact 
with  the  dendrites  of  another  neuron,  or  in  some  cases  with  the 
body  of  the  cell  itself,  the  essentially  modern  point  of  ^dew  being 
that  where  the  terminal  arborization  of  the  axon  meets  the  dendrites 
or  body  of  another  neuron  the  conmiunication  is  by  contact,  the 
neurons  being  anatomically  independent  units.    It  is  usuall}^  ac- 
cepted also  as  a  part  of  the  neuron  doctrine  that  the  conduction 
of  a  nerve  impulse  through  a  neuron  is  always  in  one  direction^ 
that  the  dendrites   are   receiving  organs,  so  to  speak,  receiving  a 
stimulus  or  impulse  from  the  axon  of  another  unit  and  conveying 
this  impulse  toward  the  cell  body,  while  the  axon  is  a  discharging 
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process  through  which  an  impulse  is  sent  out  from  the  cell  to 
reach  another  neuron  or  a  cell  of  some  other  tissue.  The  neuron, 
so  far  as  conduction  is  concerned,  shows  a  definite  polarity, 
the  conduction  in  the  dendrites  being  cellulipetal,  in  the  axons, 

cellulifugal. 

The  neuron  doctrine,  so  far  as  the  name  at  least  b  concerned,  dates  from 
ageaeral  paper  by  Walaeyer,*  in  which  the  newer  work  up  to  that  time  was 
Bummarized.  The  main  facts  upon  which  the  conception  rests  were  furnished 
by  His  (1886),  to  whom  we  owe  the  generally  accepted  belief  that  the  nerve 
fiber  (axis  cylinder)  is  an  outgrowth  from  tne  cell,  and  secondly  by  Golgi, 
Cajal,  and  a  host  of  other  workers,  who,  by  means  of  the  new  method  of  Golgi, 
demonstrated  the  wealth  of  branches  of  the  nerve  cells,  [)articularly  of  the 
dendrites,  and  the  mode  of  connection  of  one  nerve  unit  with  another.  The 
^  that  these  units  are  anatomically  independent  and  on  the  embryologica) 


Fi«.  50.~-Kotor  cell,  anterior  horn  of  gray  matter  of  cord.    From  human  fetus  {Lenfum* 
•ek):    *  marks  the  axon;    the  other  branches  are  dendrites. 


ade  are  derived  each  from  a  single  epiblastic  cell  (neuroblast)  has  proved 
*«*ptable  and  most  helpful;  but  the  validity  of  this  hypothesis  has  been 
<^U«i  into  question  from  time  to  time.  As  was  stated  on  p.  126,  Bethe  has 
claimed  that  in  young  animals  the  nuclei  of  the  neurilemmal  sheath  may 
''^erate  a  new  nerve  fiber  containing  axis  cylinder  and  myelin  sheath,  and 
this  fact,  if  true,  at  once  brings  into  question  the  hitherto  accepted  belief 

•  "Deut.  med.  Wochcnschrift,"  1891,  p.  50. 
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Iliut  flu:  ttxib  «'yliii«ii'r  viku  \h:  foHiKfl  only  a»i  an  outgrowth  from  a  ner 
htnnt:  llitaUll<ifrl^u  A|/iiiliy,  lUfiUt%  NiMil— have  also  attacked  the 
hiifiluiiii'iiiiil  f'i'ni.uri?  Ill  im  n*Mir*in  <Jrx'lrine — the  view,  namely,  tha 
liiniroii  i-i'|in'M*fiiN  un  ifi(|f'{K'n(l<'nt  anatomical  element.  These  a 
f-i«iil«'iiil  thiii  I  hi*  iH'iironiirilN  of  thi;  ax  in  cylinder  paw  through  tiie  ner 
ttiifl  i?nlitr  hy  way  of  u  network  into  dintct  connection  with  the  neur 
tii  tttUvr  ntMiroiiH  (mn*  KIk.  i\4).  The  nciirofihrilH  form  a  continuum  t1 
whirh  norvit  ini|HilHi*H  juinh  without  u  hrctak  from  neuron  to  neuron 
vunlliiK  Li»  IhJH  vnuvi'tiUtiii,  tht;  f^anglion  coIIh  play  no  direct  part  in  tl 
ihirliiiii  iif  lhi«  hiipulM*  from  one*  part  of  the  ner\'ou8  system  to  ai 
thi)  iiruritlilirilh  iiloni*,  iuhI  Hu*  intracellular  and  ix^ricellular  network 
mIiU'Ii  (hry  niiiiirrt,  fi»rni  the  conducting  ]>athH  that  arc  everywhere 
t ill  11  it y.  Ill  llit<  rvpla nation  given  l>clow  of  the  activities  of  the  c 
HVHtiMii,  thi^  iiiilhur,  fiillowiiig  the  iinual  cuntom,  makes  use  of  the  ; 
iiirlruiif. 

The  Varletlei  of  Neurons. — The  neurons  differ  grea 
iilii(\  Hlm|H%  Hiitl  intoriial  Mtnirtiirc,  and  it  is  impossible  to  c 
thtuii  with  tnitiro  MiiootvsH  fntni  inther  a  physiological  or  an  anat 
ntHhdiHUnt,  Noglortlu);  tlu>  tuuisual  forms  whose  occum 
limittnl  and  whasi*  Htnicturo  is  jxThai^s  incompletely  knowTi 
HIV  Uinv  dUtluot  ty|H*s  \vlu^>  form  and  structure  throw 
light  \u\  thoir  fuuotlonal  siisniticaniv: 

I.  Hio  l>ijH»lar  ivlls.  Tins  ivll  is  found  in  the  dorsal  roc 
^\\i%  \\i  tho  Hpiuid  ncrvt^  and  in  the  gani;lia  attached  to  the  s 
tikvw  vxf  tho  omuial  norvi^  tho  ganglion  sendlunare  (Gas 
f<v  tho  fifth  oi-HuiaU  tho  g,  gtMiiovdi  for  the  seventh,  the  g.  v< 
Uiv  Aiul  g,  spirnlo  for  tho  oighth.  tho  g.  sujvriiis  and  g.  pet 
tor  tho  nhith.  :ho  <.  jMguUn*  a!\vl  g.  iu\Kx5i:m  for  the  tentK 

I'tio  tviu.\*l  vvtl  v»:  this  g!\v,:»o  i<  :V'.:v.d  ir.  tho  .lor?aI  root  g: 
I'l  :V  ,^.i:':  :' V  :^vo  vr\v^^s^«<^:«  Ar'.s^*  *:«  ov.e,  50  thd:  the  cell  se 
tv.*  •'.•»i;.vl.'i!-.  ^-..5  ,i:  swv.o  .iis:.%v..v  :*r'.vv.  :ho  ^-t*".  rhl?  process  c 
r»  T.  s*."v  >:h»;'*  \\i55.:-.4   i-'.:^*  :>.o  <^\v.a1  vvr.l  vLi  the  po 

tK*  V  r s- :  •  * ■  .  A '.  : V*  >*.':» v  s*.* ? -.si.' :■ ».  <•. -. -'li  .•^.' .     : v c h  r r.N.t?s?e5  b 
•rKvV-itiXv.  w-'vl  Vi".»,  '.y.-i.'.il  •vr'-v  -^x*^.     *>jl:  :hif:s;  appa 

"i      *».*    •.'•  .   *.'•'.    ;*."j*r  ?o«'''i'M.*  ■    ?*'*.  *.'.*".* 
•  ^^     •  l;   A'  .       *.**^.»  >r-"v  .':r  .'i^irSiT  ?rj? 

...    II       V    H.'!^i»     V ■'!,'■  "     *.*■'•:■.    »>  t  ■Tll4!.rl.lr 
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than  hafl  been  attributed  to  them  heretofore.  For  a  description  of  these 
ganglia  and  a  classification  of  their  cells  under  eight  different  types  con- 
sult Cajal  in  ''Ergebnisse  der  Anat.  u.  Entwickelungsgeschichte,''  vol.  xvi., 
1906,  and  Dogiel,  "Bau  der  Spinalganglien,  etc./'  Jena,  1908. 

So  far  as  the  sensory  fibers  of  the  spinal  and  cranial  nerves 
are  concerned,  it  is  worth  noting  also  that  all  of  them  arise  from  • 
cells  lying  outside  the  main  axis  of  the  central  nervous  system. 
It  has  been  a  question  whether  the  sensory  impulses  brought 
to  the  ganglion  cells  through  the  peripheral  process  (sensory 


J,  %•  W.— Bipolar  cells  in  the  posterior  root  ganglion.  Section  through  spinal  gan- 
Pyy  newborn  mouse  iLenhoB»tk):  a.  The  spinal  ganglion;  6,  the  spinal  cord;  e,  the 
'ownor,  4,  the  anterior  root- 
fiber)  pass  into  the  body  of  the  cell  before  going  on  to  the  cord 
or  bram,  or  whether  at  the  junction  of  the  two  processes  they 
simply  pass  on  directly  to  the  cord.  According  to  the  histo- 
logical structure  there  is  no  apparent  reason  why  an  impulse 
should  not  pass  directly  from  the  peripheral  to  the  central 
process  at  the  junction,  but  whether  or  not  this  really  occurs 
and  the  relation  of  the  ganglion  cell  to  the  conducting  path  are 
questions  that  must  be  left  unsettled  at  present. 

II.  The  multipolar  cells.  The  processes  of  these  cells  fall  into 
two  groups:  the  short  and  branching  dendrites  with  an  inner 
structure  resembling  that  of  the  cell  body,  and  the  axon  or  axis 
cylinder  process  (Fig.  59).  According  to  the  structure  of  this  last 
process,  this  type  may  be  classified  under  two  heads:  Golgi  cells  of 
the  first  and  the  second  type.  The  cells  of  the  first  type  are  charac- 
terized by  the  fact  that  the  axon  leaves  the  central  gray  matter  and 
becomes  a  nerve  fiber.  This  nerve  fiber  within  the  central  nervous 
system  may  give  off  numerous  collaterals,  each  of  which  ends  in  a 
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t  erni  i  ii  a  1  a  r bur i  za ti  on .  By  th  is  means  the  neurons  o  f  t  h  is  type  i 
be  brought  into  i>hysiological  connection  with  a  number  of  a 
neurons.  This  kincl  ^jf  nerve 
cell  is  frequently  descrilied 
as  the  typical  nerve  cell. 
Golgi  supposed  that  it  rep- 
resents the  motor  type  of 
cell,  and  this  view  is,  in  a 
measure,  borne  out  by  sub- 
sequent investigation.  The  ^ 
distinctly  motor  cells  of  the  -:}! 
central  nervous  system  — 
such,    fur    instance,    as    the 

pyramidal  cells  of  the  cere-     ^^HU"  0 

bral  cortex,  the  anterior  horn 
c^lls  of  the  spinal  cord,  the  ^ 

Purkinje   cells  of    the  cere-  "^ 

helium — all    belong  to    this 


Hi.  Ot.— Oolsi  mU  (,a««otid  type).  Fig.   62.  — Nonnftl    anterior    han| 

tIm  ftxxm.  o,  divides  into  »  iiumb«r  of  (1F«iTin0«(m^»fll»owiiurthA  NiMlsi»&ule« 
Pamhnam* .— jFrom  Otm^tHn^r,  after       cell  *n4  deDdritsB:  o^Tbe  ft^ocL, 

type.  But  witliin  the  nerve  axis  most  of  the  conduction  1 
neuron  to  neuron,  along  aeosory  as  well  as  motor  paths,  is  ig 
m'ith  the  aid  of  such  structures,  the  dendrites  being  the  reoe] 
or  sensory  organ  and  the  axon  the  motor  apparatus* 

TIh^  Gi>Igi  cells  of  llie  second  tyt^e  (Fig,  61)  are  relativel| 
QumeTous  and  important.  They  are  characteriaed  by  the 
that  the  axon  prtHH^sss  instead  of  forming  a  ner\*e  fiber  splits 
a  great  number  at  braiicbes  uithin  the  gray  matter.    Assui 
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that  in  such  cells  the  distinction  between  the  axon  and  the  den- 
drites is  well  made  and  that  as  in  the  other  type  the  dendrites 
form  the  receiving  and  the  axon  the  discharging  apparatus, 
these  cells  would  seem  to  have  a  distributive  function.  The 
impulse  that  they  receive  may  be  transmitted  to  one  or  many 
neurons.  They  are  sometimes  spoken  of  as  intermediate  or 
association  cells. 

Internal  Structure  of  the  Nerve  Cell. — Within  the  body  of 
the  nerve  cell  itself  the  striking  features  of  physiological  signifi- 
cance are,  first,  the  arrangement  of  the  neurofibrils,  and,  second,  the 


.  ^  63.— Anterior  horn  eeU  fourteen  days  after  section  of  the  anterior  root  iWarrinp* 
'^f-  Toahow  the  change  in  the  nucleus  and  the  Nissl  granules,  beginning  cbromatolysis. 


presence  of  a  material  in  the  form  of  granules,  rods,  or  masses 
which  stains  readily  with  the  basic  anilin  dyes,  such  as  methylene 
blue,  thionin,  or  toluidin  blue.  This  latter  substance  is  spoken  of 
as  the  "chromophile  substance,"  tigroid,  or  more  frequently  as 
Nissl's  granules,  after  the  histologist  who  first  studied  it  success- 
fully. These  masses  or  granules  are  found  in  the  dendrites  as  well 
as  in  the  cell,  but  are  absent  from  the  axon  (see  Fig.  62).  Little  is 
known  of  their  composition  or  significance,  but  their  presence  or  ab- 
sence is  in  many  cases  characteristic  of  the  physiological  condition 
of  the  cell.  After  lesions  or  injuries  of  the  neuron  the  material  may 
become  dissolved  and  diflfused  through  the  cell  or  may  decrease  in 
anwunt  or  disappear,  and  it  seems  probable,  therefore,  that  it  repre- 
sents a  store  of  nutritive  material  (Fig.  63).  The  non-staining 
Baaterial  of  the  cell,  according  to  most  recent  observers,  contains 
neurofibrils  which  are  continued  out  into  the  processes,  dendrites  as 
^D  as  axons.  These  fibrils  may  be  regarded  as  the  conducting 
structure  along  which  passes  the  nerve  impulse.  The  arrangement 
of  these  fibrils  within  the  cell  is  not  completely  known,  the  results 
obtained  varying  with  the  methods  employed.  A  matter  of  far- 
J'eaohing  importance  on  the  physiological  side  is  the  question  of 
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the  existence  of  an  extracellular  ner%'ous  network.  Most  rec?eB 
histologists  agree  in  the  behef  that  there  is  a  delieate  networi 
surrounding  the  cells  and  their  protoplasmic  processes.  Thi 
pericellular  net  or  Golgi's  net  is  claimed  by  some  to  be  a  ner 
voMs  structure  connecting  with  the  neurofibrils  inside  the  eel 
and  forming  not  only  a  Vwnd  of  union  1>etween  the  neurons,  but 
jxissibly  ako  an  important  intercellular  ner\'^ous  structure  that 
may  play  an  imjiortant  r<Me  in  the  fimctions  of  the  ner\''e  centers 
This  view  is  represented  schematically  in  Fig.  64.  According  U 
others,  this  network  around  and  outside  the  cells  is  a  supporting 
tissue  sknply  that  takes  no  part  in  the  activity  of  the  nerve  units 


I 


Fig.  64. — Be*the*s  schema  to  Indicate  the  conniKjtiona  of  IIm  perioetlalAr  networik 
Rm,  a  a&nsory  «eU  in  the  j>c)2iterior  rofit  Kanglioa:  the  fibrila  in  the  branch  th&t  niiu  to  tin 
cord  ore  indieated  as  ccMmeciliiK  lUcootly  with  the  pericellylaf  network  of  tb«  motor  «tlll 

General  Physiology  of  tlie  Nerve  C€lL^Mo<^lem  phyaiologi^ti 

have  conj^iilered  the  cell  body  of  the  neuron,  including  the  deft 
drites,  Rs  the  source  of  the  energ}'  displayed  by  the  nerv^ous  system 
and  it  has  l^cen  assumeil  that  this  energy  arises  from  chemica 
clmnges  in  the  nerve  cell,  as  the  energ>^  liberated  by  the  muscL 
arises  from  the  chemical  changes  in  its  substance.  It  would  follow 
from  this  standjwint  that  evidences  of  chemical  activity  should  b 
obtained  from  the  cells  and  that  these  elements  should  exhibit  tt 
phenomenon  of  fatigue.  Regarding  this  latter  pointy  it  is  believe* 
in  physiology  that  the  nerve  cells  do  show  fatigue.  The  nen' 
centers  fatigue  as  tlie  result  of  continuous  activity,  as  is  eviden 
from  our  personal  experience  in  prolonged  intellectual  or  emc 
tional  activity  and  as  is  implied  in  the  necessity  of  sleep  for  re 
cuperation  and  by  the  rapidity  with  which  functional  activity  i 


PROPERTIES  OF  THE  NERVE  CELL.  135 

lost  on  withdrawal  of  the  blood  supply.  Objectively,  also,  it  has 
been  shown  in  the  ergographic  experiments  (see  p.  49)  that  the 
well-known  fatigue  of  the  neuromuscular  apparatus  possibly  affects 
the  nerve  centers  as  well  as  the  muscle.  Assmning  that  the  nerve 
cells  are  the  effective  agent  in  the  nerve  centers,  such  facts  indicate 
that  they  are  susceptible  to  fatigue  under  what  may  be  designated 
as  the  normal  limits  of  activity.  But  we  have  no  very  direct 
proof  that  this  property  is  possessed  universally  by  the  nerve  cells 
nor  any  indication  of  the  probable  differences  in  this  regard  shown 
by  nerve  cells  in  different  parts  of  the  central  nervous  system. 
It  seems  probable  that  under  normal  conditions — that  is,  under 
the  influence  of  what  we  may  call  minimal  stimuli — some  portions 
of  the  nerve  centers  remain  in  more  or  less  constant  activity  during 
the  day  without  showing  a  marked  degree  of  fatigue,  just  as  our 
muscles  remain  in  a  more  or  less  continuous  state  of  tonic  con- 
traction throughout  the  waking  period  at  least.  Doubtless  when 
the  stimulation  is  stronger  the  fatigue  is  more  marked,  because  the 
processes  of  repair  in  the  nerve  centers  can  not  then  keep  pace 
with  the  processes  of  consumption  of  material.  In  general,  it 
Daay  be  held  that  every  tissue  exhibits  a  certain  balance  between 
the  processes  of  consumption  of  material  associated  with  activity 
and  the  processes  of  repair.  If  a  proper  interval  of  rest  is  allowed, 
the  tissue  will  fimction  without  exhibiting  fatigue,  as  is  the  case 
with  the  heart  and  the  respiratory  center.  If,  however,  the  stimu- 
lation is  too  strong  or  is  repeated  at  too  rapid  an  interval,  then  the 
processes  of  repair  do  not  keep  pace  with  those  of  consumption, 
or  the  products  of  functional  activity  are  not  completely  removed, 
wd  in  either  case  we  have  the  phenomenon  of  fatigue,  that  is  to  say, 
4  depression  of  normal  irritability.  The  point  of  importance  is 
to  determine  the  differences  in  this  respect  between  the  different 
tissues.  Our  actual  knowledge  on  this  point  as  regards  nerve 
cells  is  quite  incomplete.  Evidence  of  a  probable  chemical 
change  in  the  nerve  cells  during  activity  is  found  also  in  the 
readiness  with  which  the  gray  matter  of  the  nervous  system 
takes  on  an  acid  reaction.*  In  the  fresh  resting  state  it  is  prob- 
ably alkaline  or  neutral,  but  after  death  it  quickly  shows  an 
*cid  reaction,  due,  it  is  said,  to  the  production  of  lactic  acid.  Its 
f^mblance  to  the  muscle  in  this  respect  leads  to  the  inference 
tbat  in  functional  activity  acid  is  also  produced.  Mosso  states 
that  in  the  brain  increased  mental  activity  is  accompanied  by  a 
^  in  the  temperature  of  the  brain,  f  His  experiments  were  made 
^pon  individuals  with  an  opening  in  the  skull  through  which  a 

^    *Langendorff,  "Centralbl.  f.  d.  med.  Wiss.  "  1886.     See  also  Halliburton, 
*ne  Croonian  Lectures  on  The  Chemical  Side  of  Nervous  Activity,"  1901. 
t  Mosso,  "Die  Temperatur  des  Gehirns,"  1894. 
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delicate  thermometer  could  be  inserted  so  as  to  lie  in  contact  witS 
brain.  So  also  the  facts  briefly  mentioned  in  regard  to  the  NisJ 
granules  give  some  corroborative  evidence  that  the  acti\ity  of 
the  nerv^ous  system  is  accompanied  by  and  probably  caused  by 
a  chemical  change  within  the  cells,  since  the  excessive  activity  of 
the  nerv^e  cells  seenLs  to  be  accompanied  by  some  change  in  thes^ 
granules,  and  in  abnormal  conditions  associated  with  loss  of  fime* 
tional  activity  the  granules  undergo  chromatolysLs,^that  k,  tliej' 
are  d Ls int  egra ted  and  dlsso Ived .  Obvious  hist  ologieal  changes  which 
imply,  of  course,  a  change  in  chemical  structure,  have  been  obsers^ed 
by  a  number  of  investigators.*  All  seem  to  agree  that  acti\dty  of 
the  tissue,  whether  normal  or  induced  by  artificial  stimulation, 
may  cause  \isible  changes  in  the  appearance  of  the  cell  and  its 
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Ftg.  65. — Spitial  KansUon  cells  from  Eng^lieh  eparrows*  to  show  the  dally  TAriatuoi  I 
the  appeanincc  fA  thij  cells  duo  to  nonnaJ  aclivity:  A.  Appearance  of  cells  at  tbeciul  C 
aJi  uctive  day  -  B^  nppeamnce  of  ceUa  in  the  niorniiiK  after  n.  nighc'a  resnt.  The  cyUt^Ajtm 
is  (iOed  with  clear,  lenlicular  nmaaea,  which  are  much  mora  evideat  in  the  retfted.  oells  thai 
in  those  fatigued.— (Hoti*?*.) 


nucleus.  Acti\dty  within  normal  limits  may  cause  an  increase  if 
the  size  of  the  cell  together  with  a  diminution  in  the  BtainabL 
(NLssl)  substance,  and  excessive  activity  a  diminution  in  size  of  th< 
cell  and  the  nucleus,  the  formation  of  vacuoles  in  the  cell  body 
and  a  marked  effect  upon  the  stainable  materiah  Hodge  hai 
shown  that  in  birds,  for  instance,  the  spinal  ganglion  c^lls  of  i 
swallow  killed  at  nightfall  after  a  day  of  activity  exhibit  a  markec 
loss  of  substance  as  compared  with  similar  cells  from  an  anima 
killed  in  the  early  morning  (Fig,  65).     Dolleyf  also  states  that  ii 

*  See  eapeciaOy   Hodge,    ^'Joumal   of   Morf>boJog3%"   7,   95,    1892»   am 
9,  1,  1894. 

t  DoUey,  "American  Joymal  of  Physiology/'  25,  151,  1909. 
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the  dog  the  cerebellar  cells  exhibit  a  definite  series  of  changes  in 
the  chromatic  substance,  both  that  within  the  nucleus  and  that 
within  the  C3rtoplasm  (Nissl's  granules)  following  upon  prolonged 
muscular  activity  or  after  such  conditions  as  shock  or  anemia. 
If  these  conditions  are  extreme,  the  chromatin  material  may  be 
entirely  removed  from  the  cells,  and  this  he  interprets  as  an  indica- 
tion of  a  functionally  exhausted  cell. 

It  must  be  remembered,  however,  that  our  knowledge  of  the 
nature  of  the  chemical  changes  that  occur  in  the  cell  during  activity 
is  very  meager.  Presmnably  carbon  dioxid  and  lactic  acid  are 
fonned  as  in  muscle,  and  we  know  that  oxygen  is  consumed. 
Enough  is  known  perhaps  to  justify  the  general  view  that  the  energy 
exhibited  by  the  nervous  system  is  derived,  in  the  long  run,  from 
a  metaboli^  of  material  in  the  nerve  cells,  a  metabolism  which 
consists  essentially  in  the  splitting  and  oxidation  of  the  complex 
substances  in  the  protoplasm  of  the  cell. 

Smnmation  of  the  Effects  of  Stimuli. — In  a  muscle  a  series 
of  stimuli  will  cause  a  greater  amount  of  shortening  than  can  be 
obtained  from  a  single  stimulus  of  the  same  strength.  In  this  case 
the  effects  of  the  stimuli  are  summated,  one  contraction  taking 
place  on  top  of  another,  or  to  put  it  in  another  way,  the  muscle 
while  in  a  condition  of  contraction  from  one  stimulus  is  made  to 
contract  still  more  by  the  following  stimulus.  In  the  nerve  fiber 
such  a  phenomenon  has  not  been  demonstrated.  In  the  nerve 
cell  it  is  usually  taught  that  the  power  of  summation  is  a  charac- 
teristic property.  It  is  pointed  out  that,  while  a  single  stimulus 
applied  to  a  sensory  nerve  may  be  ineffective  in  producing  a  reflex 
response  from  the  central  nervous  system,  a  series  of  such  stimuli 
wiU  call  forth  a  reaction.  In  this  case  it  is  assumed  that  the  effects 
of  the  succeeding  stimuli  are  summated  within  the  nerve  cells 
through  which  the  reflex  takes  place,  and,  generally  speaking,  it 
is  assumed  in  physiology  that  the  nerve  centers  are  adapted  by 
their  power  of  summation  to  respond  to  a  series  of  stimuli  or  to 
continuous  stimulation.  The  best  examples  of  this  kind  of  action 
areobtamed  perhaps  from  sensory  nerves,  in  which  case  we  judge 
of  the  intensity  of  the  cell  activity  by  the  concomitant  sensation, 
or  by  a  reflex  response. 

Response  of  the  Nerve  Cell  to  Varying  Rates  of  Stimula- 
tion.—The  various  parts  of  the  neuromuscular  apparatus — 
JMunely,  the  nerve  cell,  the  nerve  fiber,  and  the  muscle  fiber — have 
different  degrees  of  responsiveness  to  repeated  stimuli,  and  this 
i^nsiveness  varies,  moreover,  for  the  different  kinds  of  mus- 
ses and  of  nerve  fibers,  and,  probably  for  the  different  kinds 
of  nerve  cells.  The  motor  cells  of  the  brain  and  cord  discharge 
their  impulses  under  normal  stimulation  at  a  certain  rhythm 
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which  was  formerly  supposed  to  average  alxHit  10  per  secoiP 
but  is  now  estimated  as  varying  between  certain  wide  limii 
perhaps  from  40  to  100  per  seeuTid  (p*  46).  For  any  particuL 
group  of  these  motor  cells  the  evidence  indicates  that  it  has  a  pra* 
tically  con^stant  rate  whatever  may  be  the  intensity  of  the  stimuk 
—and,  indeed,  when  artificial  stimulation  is  used  and  the  rate 
varied  J  the  evidence  that  we  have  so  far  appears  to  show  thi 
the  nerve  cells  do  not  discharge  in  a  one  to  one  correspondem 
with  the  rate  of  stimulation,  as  is  the  case,  within  limits,  t 
muscle  and  nerve  fibers.  On  the  contrary,  under  such  eircui 
stances  the  discharge  from  the  nerve  cells  takes  place  in  a  rh>*th 
characteristic  of  the  cells  and  intlependent  of  that  of  the  stimu| 
tion,*  From  this  point  of  view  we  must  took  upon  these  nif 
cells  as  possessing  fundamentally  a  rhythmic  activity,  as  in  fl 
case  of  the  heart.  There  is  no  doubt,  however,  that  some  at  le^i 
of  the  motor  cells  of  the  spinal  cord  can  be  stimulated  by  a  sing 
stimulus  so  as  to  respond  with  a  single  tlischarge  instead  of  a  rh>i 
mical  series  of  discharges.  As  will  be  described  below,  the  kn€ 
kick  is  a  simple  muscular  contraction,  not  a  tetanus,  which 
aroused  by  reflex  stimulation  of  the  corresponding  motor  cells 
the  spinal  cord. 

The  Refractory  Period  of  the  Nerve  Cell. — It  will  be  recall 
that  the  nerve  fiber  (^^diibitB  what  is  callctl  a  refractory  period  for 
brief  interval  (0.002  to  0.006  sec.)  after  it  is  stimulated.  Durii 
this  period  it  is  not  irritable  to  a  second  stimulus.  The  sac 
phenomenon  is  exhibited  to  a  marked  degree  by  the  heart  must 
and  likewise  by  many  nerve  celb.  In  the  motor  nerve  cell  whi^ 
shows  the  property  of  discharging  a  series  of  impulses  with  rh\ihiB 
regularity  it  may  be  supposed  that  the  refractory  period  is  marke 
and  indeed  is  connected  probably  with  the  rh}^.hmic  character 
the  celFs  activity.  But  in  this  as  in  other  properties  it  is  certa 
that  there  are  great  differences  in  the  many  varieties  of  nerv^e  ce 
found  in  the  central  nervous  system.  Wliile  those  that  act  rhyt 
mically  have  probably  a  relatively  long  refractory  period,  otht 
may  exhibit  a  period  of  unirritability  but  little  longer  than  tb 
8ho\^Ti  by  the  nerve  fibers.  In  the  case  of  the  reflex  motor  cent< 
in  the  lumbar  spinal  cord  of  the  frog  it  is  stated  (Langentlorff)  tt 
a  second  stimulus  falling  at  an  interval  of  0.04  sec.  after  the  fi] 
is  effective.  The  refraetorj'  period  of  these  cells  is  less,  therefo 
than  this  interval. 

•  Iloralcy  and  Schafer,  "Journal  of  Physiology,'*  7,  96,  1SS6. 


CHAPTER  VII. 
REFLEX  ACTIONS. 

Definition  and  Historical. — ^By  a  reflex  action  we  mean  the 
mvolimtary  production  of  activity  in  some  peripheral  tissue  through 
the  efferent  nerve  fibers  connected  with  it  in  consequence  of  a 
stimulation  of  afferent  nerve  fibers.  The  conversion  of  the  sensory 
or  afferent  impulse  into  a  motor  or  efferent  impulse  is  effected  in 
the  nerve  centers,  and  may  be  totally  unconscious  as  well  as  invol- 
untary,—for  instance,  the  emptying  of  the  gall-bladder  during 
digestion,  or  it  may  be  accompanied  by  consciousness  of  the  act, 
as,  for  example,  in  the  winking  reflex  when  the  eye  is  touched. 
The  application  of  the  term  reflex  to  such  acts  seems  to  have  been 
nutde  first  by  Descartes*  (1649),  on  the  analogy  of  the  reflection 
of  light,  the  sensory  effect  in  these  cases  being  reflected  back,  so 
to  speak,  as  a  motor  effect.  The  attention  of  the  early  physiologists 
^ws  directed  to  these  involuntary  movements  and  many  instances 
were  collected,  both  in  man  and  the  lower  animals.  Their  invol- 
untary character  was  emphasized  by  the  discover}^  that  similar 
movements  are  given  by  decapitated  animals, — frogs,  eels,  etc. 

Some  of  the  earlier  physiologists  thought  that  the  reflex  might 
occur  m  the  anastomoses  of  the  nerve  trunks,  but  a  convincing 
pfoof  that  the  central  nervous  system  is  the  place  of  reflection  or 
turning-point  was  given  by  Whytt  (1751).  He  showed  that  in  a  de- 
capitated frog  the  reflex  movements  are  abolished  if  the  spinal  cord 
IS  destroyed.  Modem  interest  in  the  subject  was  excited  by  the 
numerous  works  of  Marshall  Hall  (1832-57),  who  contributed  a 
number  of  new  facts  with  regard  to  such  acts,  and  formulated  a 
^ew,  not  now  accepted,  that  these  reflexes  are  mediated  by  a  spe- 
cial set  of  fibers — the  excitomotor  fibers. 

In  describing  reflexes  the  older  physiologists  had  in  mind  only 
i^ex  movements,  but  at  the  present  time  we  recognize  that  the 
^exact  may  affect  not  only  the  muscles, — voluntary',  involuntary, 
*ud  cardiac, — but  also  the  glands.  We  have  to  deal  with  reflex 
*oretions  as  well  as  reflex  movements. 

The  Reflex  Arc. — It  is  implied  in  the  definition  of  a  reflex 
that  both  sensory  and  motor  paths  are  concerned  in  the  act.     Ac- 

*See  Eckhard,  "Geschichte  der  Entwickelung  der  Lehre  von  den  Reflex- 
pwnebungen,"  "Beitrage  zur  Anatomic  u.  Physiologie,"  Giessen,  1881,  voL 
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cording  to  the  neuron  theory,  therefore,  the  simplest  reflex 
must  consist  of  two  neurons:  the  sensory  neuron^  whose  eel 
body  lies  in  the  sensory  ganglia  of  the  posterior  roots  or  o 
the  cranial  nerves,  and  a  motor  neuron,  whose  ner\'e  cell  lifti 
in  the  anterior  horn  of  gray  matter  of  the  cord  or  in  the  moto 
nucleus  of  a  cranial  nerve*  The  reflex  are  for  the  Bpinal  cor< 
is  represented  in  Fig.  66.  The  arc  may,  howTver,  be  mon 
complex.  The  sensory  fibers  entering  through  the  posteric* 
roots  may  pass  upw^ard  through  the  entire  length  of  the  cor^ 
to  end  in  the  medulla,  and  on  the  way  give  off  a  number  c 
collaterals  as  is  represented  in  Fig.  67,  or  they  may  mak 
connections  with  intermediate  cells  which,  in  turn,  are  coi 
nected  with  one  or  more  motor  neurons  (Fig.  68).     Accord 


Fil.  M,^ — Scbetna  to  show  the  connection  between  Ihe  neuron  of  thm  posterior  rool  ■ 
(leuran  of  the  anterior  root,^ — the  re^ex  arc. 


to  these  schemata,  one  sensory  fiber  may  establish  reflex  connectiotJ 
with  a  number  of  different  motor  fibers,  or,  a  fact  which  must  b 
borne  in  mind  in  studying  some  of  the  well-known  reflex  acti\iti€ 
of  the  cord  and  medulla  especially,  a  sensorv^  fiber  carrj'ing  a 
impulse  which  eventually  reaches  the  cortex  of  the  cerebrum  an- 
gives  rise  to  a  conscious  sensation  may,  by  means  of  its  eollaterah 
connect  with  motor  nuclei  in  the  cord  or  medulla  and  thus  at  tb 
same  time  give  origin  to  involuntary  and  even  unconscious  K 
flexes.  Painful  stimulation  of  the  skin,  for  example,  may  ^v 
us  a  conscious  sensation  of  pain  and  at  the  same  time  reflexl 
stimulate  the  vasomotor  renter  and  cause  a  conetriction  of  tli 
small  arteries.  The  fact  that  in  this  case  tw^o  distinct  events  occi 
does  not  necessitate  the  assumption  that  the  impulses  from  th 
skin  are  carried  to  the  cord  by  two  different  varieties  of  fiben 
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It  may  well  be  that  one  variety  of  sensorj^  neuron,  the  so-called 
pftin  fibers,  effects  both  results,  because  of  the  opportunities  in 
^we  cord  for  connections  with  different  groups  of  nerve  cells. 

The  Reflex  Frog.— The  motor  reflexes  from  the  spinal  cord 

^  be  studied  most  successfully  upon  a  frog  in  which  the  brain 

^  been  destroyed  or  whose  head  has  been  cut  off.     After  such 

^  <5peration  the  aninml  may  for  a  time  suffer  from  shock,  but 

^'^Jfous  animal  will  usually  reeover  and  after  some  hours  will 
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\}%.  67  —  Kolliker'a  schetna  to  show 
ti«.<M^l  reBex  &rc.  It  sbowa  the  poa- 
^^iwl  eber  (black)  entering  the 
«pw*  qifidine  in  Y»  ft^d  connecting  with 
warn  otOfl  (red)   by  me&iu)  of  coUater. 


Fk  *Ji8,  — Kdllikef'a  ^hema  to 
show  the  reflex  arc  with  in t« real-* 
ated.  tract  cells.  Poaterior  root  fiber, 
black:  int^Jrcolated  tract  cell,  bluer 
motor  ceib,  red. 


tthibit  reflex  movements  that  are  most  interesting.  The  funda- 
Otental  characteristics  of  reflex  movements  in  their  relations  to  the 
place,  intensity,  and  quality  of  the  stimulus  can  be  studied  with 
^?e  ease  upon  an  animal  whose  cord  is  thus  severed  from  the 
"Win  than  upon  a  normal  animal.  In  the  latter  case  the  connec- 
tioua  in  the  nervous  system  are  more  complex  and  the  reactiona 
^re  therefore  less  simple  and  less  easily  kept  constant. 

Spinal  Reflex  Movements. — The  reflex  movements  obtained 
^fomihe  spinal  cordorfroui  other  parts  of  the  ceutnd  nervous  system 
tJ^y  1)6  di\'ided  into  three  groups  by  characteristics  that  are  physio- 
^"dcaljy  significant.  These  classes  are:  {!)  Simple  reflexes,  or 
tbose  in  which  a  single  muscle  is  affected.    The  best  example  of 


J42  mrniouMir  or  cextkal  xebvous  ststem. 

thin  grciup  to  perhapn  the  winking  reflex,  in  which  only  the  < 
iilftri^  jfAlfH^\jtArum  is  concerned.  (2)  Co-ordinated  reflexi 
tvhic^h  h  numijCT  of  muscles  react  with  their  contractions  so 
u^Uul  M  U)  time  and  extent  as  to  produce  an  orderly  and  i 
movcmirnt.  (3)  Convulsive  reflexes,  such  as  are  seen  in  sp 
In  which  a  nnml)er  of  muscles — perhaps  all  the  muscles — an 
iracind  ronvulmvely,  without  co-ordination  and  with  the 
(hirilon  of  disorderly  and  useless  movements.  Of  these  gi 
thn  rcMinlinatiHl  refioxos  arc  by  far  the  most  interesting, 
(•an  \h^  obtained  to  pcjrfection  from  the  reflex  frog.  In  su( 
anttnal  no  s|K)ntanoou8  movements  occur  if  the  sensory  surfac 
onilrdy  protected  from  stimulation.  A  sudden  stimulus,  hov 
of  miffloient  strength  applied  to  any  part  of  the  skin  will  g 
definite  and  practically  invariable  response  in  a  movement  ^ 
hM  the  npiK'aranec  of  an  intentional  effort  to  escape  from  or  re 
the  HtltniduH.  If  the  toe  is  pinched  the  foot  is  withdrawn- 
Kent  le  manner  if  the  stimulus  is  light,  more  rapidly  and  viol 
b\it  Htill  in  a  co-ordinated  fashion,  if  the  stimulus  is  stroni 
the  iinitnnl  in  8U8|)ended  and  various  spots  on  its  skin  are  stimii 
by  the  Hpplioiition  of  bits  of  paper  moistened  nvith  dilute  i 
neid  the  tiiunud  will  make  a  neat  and  skillful  movement  c 
oorivj^pnndinjj:  leg  to  remove  the  stimulating  body.  The  reai 
n\tv\  W  vnrietl  in  a  nunil>er  of  waj^s,  and  in  all  cases  the  sti 
t>>jitumH  of  the  rellex  n\s|HMiso  are,  first,  the  seemingly  purp 
ehrtvj^ofev  of  the  nu>\*xMmn\t .  and,  second,  the  almost  mechi 
e\«oin<\vv  w  \{\\  whioh  ;i  definite  stimulus  will  give  a  definite  resf 
Th»>  ^ietuwto  n^l;Uionship  holds  only  for  senson-  stimulation  ( 
exten^Al  n^toiiutuont .  the  skin  ;uul  it:>  onrans.  It  is  obvioi 
tVt.  \\\i\i  i\  t^w.Nvxibr  TVB^xM\s«i^  o,Hn  Ix^  effecti\'e  only  for  si 
\wi$^\>ik\\\\ii  n\Nn\  the  extonvsl  surface.  Stimuli  from  the  in 
^M  the  K\\\  ext^'ti  their  tx^aoiuws.  tor  the  nx^t  part,  upon  the 
^\\uv>»\d,stiv,v  ,sn*i  the  ^tiAivis  ITx^  cyvn\--,3]sa\^  reflexes  ma 
)v\\i;j*^\i  1^\  1^^^^  ^i;?V;v<j';t  ^^^w^s  1  By  wjv  intense  se 
yn)^"^i;UiMV,  T)>e  :vAr\  ;Y«savNrv:^  :r.  :>.is  caj^  iM-erflows,  as  it 
mio  hH  the  r.'j^NUv,  ;WhN  \  ^-Ar.A•^^r.  ^^f  :his  inetbod  is  seen  i 
x^^M).krKMXT«  *N\r.v;;K\xv  ^\^?«»■':^^r.  :hAt  tW.k^xji^  tjrklinir.  In  this 
i)x'^  vnmoljv  shh.xK'^  n^M  ^.r.ion^  :S"iiTr.  at.  vi^wtive  $?an<4 
iv  ,N^^\s\jv>    wNi^m     ■^^^.^   tSr   s-.sr^.t'.'vv.T;*    of  :T5  effertivene 

^V^hnw  »r:tO  lh^  .N^f.J  \«i    T">,'^■^^^.^  v\>ir^ri'.  5-.  sene<  «,"»:  miL-riTn^]  sq 

imj^>  J  Nt>      ,  "i^    t^  )x"^i4L') .  ^<^^.  mi  1  Sr  r*^: : j.  S.  1  i'  y  .t  i.he  npnind  ne 
vA^'fom      Viv\r.  the  *y^fW^\  :'*,\c  I^^  e*»e.-:  ^  *xM.aJn^.i  mof^  if 

^  ir,  is  ^w»r*  nhj^^rJwi  mt)*"^,  't5^  ef^A^^j  is  sh*-»mT,  j*:  fca  by  a  p 

t^    WvM   ^^mr^im;.  ^*tN  %it.hdT>i^>i.     Swv^r..  lu'^wfn'fir.  The  resf 
in^cfj^j^i  a;    Seine  A^ie••^    >»n,     >»«<h:^v*».   t**    y   iiseiu!  «id.  h« 
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convulsive.  A  mere  touch  of  the  skin  or  a  current  of  air  will  throw 
every  muscle  into  contraction,  and  the  extensors  being  stronger  than 
the  flexors  the  animaFs  body  becomes  rigid  in  extension  at  every 
gtimulation.  The  explanation  usually  given  for  this  result  is  that 
the  stiychnin,  acting  upon  some  part  of  the  nerve  cells,  increases 
greatly  their  irritability,  so  that  when  a  stimulus  is  sent  into  the 
ceitral  nervous  system  along  any  sensory  path  from  the  skin  it 
apparently  radiates  throughout  the  cord  and  acts  upon  all  the 
motor  cells.  This  latter  supposition  leads  to  the  interesting  con- 
clusion that  all  the  various  motor  neurons  of  the  cord  must  be  in 
physiolc^cal  connection,  either  direct  or  indirect,  with  all  the 
neurons  supplying  the  cutaneous  surface.  The  further  fact  that 
under  normal  conditions  the  effect  of  a  given  sensory  stimulus  is 
nuinifested  only  on  a  limited  and  practically  constant  number 
of  the  motor  neurons  seems  to  imply,  therefore,  that  normally  the 
paths  to  these*  neurons  are  more  direct  and  the  resistance,  if  we 
may  use  a  somewhat  figurative  term,  is  less  than  that  offered  by 
other  possible  paths.  Muscular  spasms  are  observed  under  a  number 
(rf  pathological  conditions, — for  instance,  in  hydrophobia.  We  are 
at  fi^y  to  assume  in  such  cases  that  the  toxins  produced  by  the 
disease  affect  the  irritability  of  the  cells  in  much  the  same  way  as 
the  stiychnin. 

Theory  of  Co-ordinated  Reflexes.— The  purposeful  character 
of  the  co-ordinated  reflexes  in  the  frog  gives  the  impression  to  the 
observer  of  a  conscious  choice  of  movements  on  the  part  of  the 
j»ainle8s  animal.  Most  physiologists,  however,  are  content  to  see 
in  these  reactions  only  an  expression  of  the  automatic  activity 
of  a  mechanism.  It  is  assumed  that  the  sensory  impulses  from 
*ny  part  of  the  skin  find,  on  reaching  the  cord,  that  the  paths  to 
» certain  group  of  motor  neurons  are  more  direct  and  offer  less 
resistance  than  any  others.  It  is  along  these  paths  that  the  reflex 
^  take  place,  and  we  may  further  assume  that  these  paths  of 
feast  resistance,  as  they  have  been  called,  are  in  part  preformed 
*nd  in  part  are  laid  down  by  the  repeated  experiences  of  the  indi- 
^4hial.  That  is,  in  each  animal  a  definite  structure  may  be  sup- 
posed to  exist  in  the  cord;  each  sensory  neuron  is  connected  with 
*  group  of  motor  neurons,  to  some  of  them  more  directly  than  to 
others,  and  we  may  imagine,  therefore,  a  system  of  reflex  apparatuses 
^  naechanisms  which  when  properly  stimulated  will  react  always 
in  the  same  way.  And,  indeed,  in  spite  of  the  adapted  character 
pf  the  reflexes  under  consideration  their  automaton-like  regularity 
is  an  indication  that  their  production  is  due  to  a  fixed  mechanical 
•"Tangement.  Whether  or  not  the  reactions  of  the  nervous  system 
in  such  cases  are  accompanied  by  any  degree  of  consciousness  can 
not  be  proved  or  disproved,  but  the  assumption  of  such  an  accom- 
paniment does  not  seem  necessary  to  explain  the  reaction. 
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Spinal  Reflexes  in  the  Mammuh, — Elxperiments  upon  the  lowi 
mammals  show  that  co-ordinated  reflex  movementvS  may  be  ol; 
tamed  from  the  cord  after  severance  of  its  eomieotions  with  th 
brain.  8hfTring:ton*  ha.^  described  a  i^imple  operation  hy  whirh  th 
head  may  be  removed  from  an  anesthetized  cat  and  the  animal  b 
kept  alive  for  a  number  of  hours.  Stimulation  of  the  skin  in  sua 
an  animal  ealls  forth  numerous  definite  reflexes,  such  as  flexion  C 
extension  of  the  legs,  the  scratchine;  movements  of  the  hind  leg 
stretching  movements,  etc.  Or  the  spinal  cord  may  be  severed  i 
the  thoracic  region,  below  the  origin  of  the  phrenic  nerves,  and  tti 
animal,  with  eare,  can  be  kept  alive  for  months  or  years.  In  sue 
an  animal  reflex  movements  of  the  hind  legs  or  tail  may  he  6t 
tained  readily  from  slight  sens*>ry  stimulation  of  the  skin.  Th 
knee-jerk  and  similar  so-called  deep  reflexes  are  also  mtained.  Bv 
it  Is  evident  tliat  these  movements  are  not  so  complete  nor  fi 
distinctly  adapted  to  a  useful  end  as  in  the  frog.  The  muscles  * 
the  body  supplied  by  the  isolated  part  of  the  cord  retain,  howere 
a  normal  irritability  and  exhibit  no  wasting.  In  man,  on  ifc 
contrary,  it  Is  stated  that  after  complete  section  of  the  cord  the  dee 
reflexas^  such  as  the  knee-jerk,  as  well  as  the  skin  reflexes,  are  vef 
quickly  lost-  The  muscles  undergo  wasting  and  soon  lose  the 
irritnbility.f  The  monkeys  exhibit  in  this  respect  a  eondilion  tbi 
is  somewhat  intermediate  between  that  of  the  dog  and  man.  > 
seems  evident  from  these  facts  that  in  t!ie  lower  animals,  Uke  tfc 
frog»  a  much  greater  degree  of  independent  activity  is  exhibited  b 
the  cord  than  in  the  more  highly  developed  animals.  According  i 
the  degree  of  develoj>ment.  the  control  of  the  muscles  is  as^fDC 
more  and  more  by  the  higher  portions  of  the  nervous  system,  aU 
the  spinal  cord  becomes  less  important  as  a  series  of  reflex  center 
its  functions  t»eing  mor^  dependent  upon  its  connections  T^-itli  tl 
higher  centei^. 

Dependence  of  Co-ordijiated  Reflexes  upon  tlie  Excitatio 
of  the  Normal  Sensory  Endings,— It  is  an  interesting  fact  tbi 
when  a  nerve  trunk  is  stimulated  directly  in  a  reflex  frog — H 
sciatic  nerve,  for  instance — the  reflex  movements  are  disorderi 
and  quite  unlike  those  obtained  by  stinmlating  the  skin.  It  issai 
that  if  the  skin  lie  Uwsened  and  the  nerve  twigs  arising  from  it  1 
stimulated,  an  operation  that  is  quite  possible  in  the  frog,  the  f^ 
sponse  is  again  a  disorderly  reflex,  whereas  the  same  fibers  stimi 
lated  tlirough  the  skin  give  an  orderly,  co-ordinated  movemef 
The  difl'erence  in  n;\sjMmse  in  these  cases  is  probably  not  doe  to  a^ 
peculiarity  in  the  nature  of  the  sensory  impulses  originating  in  t' 
ner\^e  endings  of  the  skin,  but  more  likely  to  a  difference  in  th* 
strength  and  arrangement.  When  one  stimulates  a  sensory  neT^ 
•  Sherrington,  'Moamnl  uf  Phvsiologj/*  3S,  375,  1909, 
t  See  Collier,  "  Brain,"  11*04,  p.  38, 
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trank  directly, — the  ulnar  nerve  at  the  elbow  in  ourselves,  for  m- 
stance,— the  resulting  sensations  are  markedly  different  from  those 
obtained  by  stimulating  the  skin  areas  supplied  by  the  same  nerve; 
we  have  little  or  no  sensations  of  touch  or  temperature,  only  pain 
and  a  peculiar  tingling  in  the  fingers.  In  such  an  experiment  the 
stimulus  applied  to  the  trunk  affects  more  or  less  equally  all  the 
contained  fibers,  whereas  in  stimulation  of  the  skin  itself  the  effect 
upon  the  cutaneous  fibers  of  pressure,  temperature,  or  pain  pre- 
dominates and  presumably  it  is  these  fibers  that  normally  are  con- 
nected in  an  efficient  way  with  the  reflex  machinery  in  the  nerve 
centers. 

Reflex  Time. — Since  nerve  centers  are  involved  in  a  reflex 
movement,  a  determination  of  the  total  time  between  the  appli- 
cation of  the  stimulus  and  the  beginning  of  the  response  gives 
a  means  of  ascertaining  the  time  needed  for  the  processes  within 
the  nerve  cells.  Helmholtz,  who  first  made  experiments  of  this 
kind,  stated  that  the  time  required  within  the  nerve  centers 
niight  be  as  much  as  twelve  times  as  great  as  that  estimated 
for  the  conduction  along  the  motor  and  sensory  nerves 
involved  in  the  reflex.  Most  observers  state  that  the  time 
within  the  center  varies  with  the  strength  of  the  stimulus, 
being  less,  the  stronger  the  stimulus.  It  varies  also  with  the 
condition  of  the  nerve  centers,  being  lengthened  by  fatigue 
and  other  conditions  that  depress  the  irritability  of  the  nerve 
cells.  By  reflex  time  or  reduced  reflex  time  we  may  designate 
the  time  required  for  the  processes  in  the  center, — that  is,  the  total 
time  less  that  required  for  transmission  of  the  impulse  along  the 
niotor  and  sensory  fibers  and  the  latent  period  of  the  muscle  con- 
traction. For  the  frog  this  is  estimated  as  varying  between 
0.008  and  0.015  sec.  In  man  the  reflex  time  usually  quoted  is  that 
given  by  Exner  for  the  winking  of  the  eye.  He  stimulated  one  lid 
dectrically  and  recorded  the  reflex  movement  of  the  lid  of  the  other 
eye.  The  total  time  for  the  reflex  was,  on  an  average,  from  0.0578 
*c.  to  0.0662  sec.  He  estimated  that  the  time  for  transmission  of 
fte  impulse  along  the  sensory  and  motor  paths,  together  with  the 
latent  period  of  the  muscle,  amounted  to  0.0107  sec.  So  that  the 
true  reflex  time  from  his  determinations  varied  between  0.0471  and 
0.0555  sec.  May  hew,*  using  a  more  elaborate  method,  obtained 
for  the  total  time  a  mean  figure  equal  to  0.0420  sec.  If  Exner's 
W)rrection  is  applied  then  the  true  reflex  time  according  to  this  de- 
termination is  equal  to  0.0313  sec.  In  a  series  of  experiments 
Blade  upon  frogs,  in  which  the  efferent  response  to  stimulation 
of  the  afferent  fibers  of  the  sciatic  nerve  was  measured  by  the 
electrical  variation  in  the  muscle  involved,  Buchanan  finds  that 
the  delay  in  the  cord,  when  the  reflex  was  on  the  same  side,  was 
♦  Mayhew,  ''Journal  of  Exp.  Medicine,"  2,  35,  1897. 
10 
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equal  to  0.01  to  0.02  sec.     If  the  reflex  was  on  the  crossed 
about  double  this  time  was  consumed  in  the  cord.     This  delay 
of  the  velocity  of  transmission  of  an  impulse  in  the  nerve  centers 
is  a  factor  which  must  vary  somewhat  in  different  parts  of  th 
nerv'ous  system.     It  has  been  shown  that^  in  certain  cases  sl 
least,  when  strong  stimuli  are  used  the  latent  period  of  a  reflex 
is   nut   greater  than   wouhl   he  accounted  for  by  transmissii>o 
through  the  nerve  fibers  and  by  the  latency  of  the  muscular 
contraction.     Thus  Francois  Frank,  in  an  experiment  in  which 
the   gastrocnemius   muscle  of  one  side  was  made  to  con  tract 
reflexly  by  stimulation  of  the  afferent  root  of  a  luml>ar  nerve 
on   the  other  side,  records  a  latent  period   of  only  U.017  see- 
Evidently  in   such  a  case  there  was   no  perceptible  delay  in 
passing  through  the  nerve  centers  of  the  lumbar  cord. 

Inhibition  of  Reflexes. — One  of  the  most  fundamental  fact^^ 
regarding  spinal  reflexes  is  the  demonstration  that  they  can  b^ 
depressed  or  suppressed  entirely — that  is,  inhibited — by  other  ino- 
pulses  reaching  the  same  part  of  the  spinal  cord.  The  most  sig-* 
mficant  experiment  in  this  connection  is  that  made  by  Setschenow,^ 
If  in  a  frog  the  entire  brain  or  the  cerebral  hemispheres  are  re-* 
moved,  then  stimulation  of  the  exposed  cut  surface — for  instanc^^ 
by  cr>"stals  of  sodium  chlorid~mll  depress  greatly  or  perhapp^ 
inhibit  entirely  the  usual  spinal  reflexes  that  may  be  obtained  b^ 
cutaneous  stimulation.  On  removal  of  the  stimulating  subetanc^ 
from  the  cut  surface  by  w^ashing  with  a  stream  of  physiologieeJ 
ealine  (solution  of  sodium  chlorid,  0,7  per  cent.)  the  reflex  activities 
of  the  cord  are  again  exhibited  in  a  normal  way.  This  experimea'^ 
accords  with  many  facts  which  indicate  that  the  brain  may  inhibit 
the  activities  of  the  spinal  centers.  In  the  reflex  from  ticklings 
for  instance,  we  know  that  by  a  voluntary  act  we  can  repress  th^ 
muscular  movements  up  to  a  certain  point;  so  also  the  Umite^ 
control  of  the  action  of  the  centers  of  respiration  and  micturition* 
is  a  phenomenon  of  the  same  character.  To  explain  such  acts  w^ 
may  assume  the  existence  of  a  definite  set  of  inhibitory  fibers » 
arising  in  parts  of  the  brain  and  distributed  to  the  spinal  conir 
whose  function  is  that  of  controlling  the  activities  of  the  spinaJ 
centers.  In  view  of  the  fact,  however,  that  there  is  no  independea"^ 
proof  of  the  existence  of  a  separate  set  of  inhibitorj'  fibers  withtC* 
the  central  nervous  system — that  is,  a  set  of  fiberB  whose  specific 
energy  is  that  of  inhibition — it  is  preferable  to  speak  simply  o^ 
the  inhibitory  influence  of  the  brain  upon  the  cord,  lea\ing  und^^ 
cided  the  question  as  to  whether  this  influence  is  exerted  througt* 
a  special  set  of  fibers,  or  is  brought  about  by  some  variation  i** 

♦  Set«chenow%  *'  Phvsiologische  Studien  iiber  d.  Hemmungs-Mechanisni^^' 
f.  d.  Reflexthiitigkeit  ira  Gehiro  d.  Frosches/'  Berlin,  1863. 
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the  time  relations,  intensity,  or  quality  of  the  nerve  impulses. 
Regarding  the  fact,  however,  there  can  be  no  question,  and  it 
constitutes  a  most  important  factor  in  the  interaction  of  the  dif- 
ferent parts  of  the  nervous  system.  It  is  probable  that  this  factor 
explains  why  a  normal  frog  gives  reflexes  that  are  so  much  less 
constant  and  less  predictable  than  one  with  its  brain  removed. 
A  similar  inhibition  of  spinal  reflexes  may  be  obtained  by  simul- 
taneous stimulation  of  two  different  parts  of  the  skin.  The 
usual  reflex  from  pinching  the  toe  of  one  leg  may  be  inhibited  in 
part  or  completely  by  simultaneous  stimulation  of  the  other  leg 
or  by  direct  electrical  stimulation  of  an  exposed  nerve  trunk.  A 
similar  interference  is  illustrated,  perhaps,  in  the  well-known 
device  of  inhibiting  an  act  of  sneezing  by  a  strong  sensory 
stimulation  from  some  part  of  the  skin — for  instance,  by  pressing 
upon  the  upper  lip.  The  importance  of  the  process  of  inhibition 
in  the  normal  movements  of  the  body  is  illustrated  strikingly 
by  the  phenomenon  known  as  reciprocal  innervationy  which  has 
been  investigated  chiefly  by  Sherrington.*  This  observer  has 
found  that  when  a  flexor  muscle  is  stimulated  reflexly  there  is 
At  the  same  time  a  relaxation  or  loss  of  tone  in  its  antagonistic 
ertcnsor,  which  is  explained  as  being  due  to  an  inhibition  of  the 
motor  cells  of  the  extensor  in  the  cord.  Reflex  stimulation  of 
the  extensor  is  accompanied  similarly  by  an  inhibition  of  the 
tone  of  the  antagonistic  flexor.  This  phenomenon  has  been 
demonstrated  not  only  for  reflex  stimulation  of  the  cord  but 
•Iw  for  voluntary  movements  (Athanasieu)  and  for  electrical 
8timuUtion  of  the  cortical  centers.  The  motor  centers  of  the 
muscles  surrounding  the  joints  are  apparently  so  connected  in 
pwre  that  when  one  is  excited  the  center  of  the  corresponding 
tttagonist  is  inhibited.  This  reciprocating  mechanism  dis- 
appears under  conditions,  such  as  strychnine-poisoning,  in  which, 
according  to  the  usual  belief,  the  irritability  of  the  centers  is 
peatly  increased.  A  relationship  quite  comparable  to  the 
reciprocal  innervation,  although  working  in  only  one  direction, 
is  exhibited  by  the  p)eripheral  nerve  plexuses  in  the  intestinal 
^^anal  in  the  so-called  law  of  the  intestines  (see  p.  714).  A 
brief  statement  of  the  more  or  less  unsatisfactory  theories  of 
uihibition  is  given  in  connection  with  the  inhibitory  action  of  the 
vagus  nerve  on  the  heart  beat  (see  p.  679).  It  should  be  added, 
however,  in  this  connection,  that  stimulation  of  the  cord,  and 
ProbaMy  of  other  parts  of  the  nervous  system,  from  two  different 
sources  may  result  not  only  in  an  inhibition  of  the  reflex  normally 
^^ccurring  from  one  of  the  stimuli,  but  under  some  circumstances 

•Sherrington,  "The  Integrative  Action  of  the  Nervous  System,"  1906, 
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may   give   an   iuifoneniation   or  reinforrement   of  the    reflex, 
striking  example  of  this  augmenting  effect  is  given  below  ia^ 
paragi'aph  upon  the  knee-kick. 

Influence  of  the  Condition  of  the  Cord  on  its  Reflex  i 
tivities. — The  time  and  extent  of  the  reflex  responses  maj^ 
altered  greatly  by  various  influences,  particularly  by  the  ad 
of  drugs.  The  effect  in  such  cases  is  usually  upon  the  nerve  cent 
— that  is,  upon  the  cells  themselves  or  upon  the  synapses,  that  | 
say,  the  connections  between  the  terminal  arborization  and  I 
dendrites — the  process  of  conduction  within  the  sensory  i 
motor  fibers  being  less  easily  alTected.  A  convenient  men 
of  studying  such  influences  is  that  employed  by  Tiirek,  I 
this  methcMl  the  rc^flex  frog  is  suspended,  and  the  tip  of  I 
longest  toe  is  immersed  to  a  definite  point  in  a  solution  of 
phuric  acid  of  a  strength  of  0.1  to  0.2  per  cent.  If  the 
between  the  immersion  and  the  reflex  withdrawal  of  the  fool 
noted  by  a  metronome,  or  by  a  record  upon  a  kymograph,  it  ♦ 
be  found  to  be  quite  constant,  provided  the  conditions  are  k 
uniform.  If  the  average  time  for  this  reflex  is  obtained  frou 
series  of  observations  it  is  possible  to  inject  various  substance 
such  as  stry^chnin,  chloroform,  potassium  bromid,  qiiinin,  etc 
under  the  skin,  and  after  absorption  has  taken  place  to  detemc 
the  effect  by  a  new  series  of  observ-ations.  So  far  as  dnigS" 
concerned  the  results  of  such  experiments  belong  rather  to  phan 
cology  than  to  physiology.  The  method  in  some  cases  brings  out 
interesting  difference  in  the  effects  of  various  kinds  of  stimulati 
Strychnin,  for  instance,  as  was  stated  above,  increases  greatly' 
delicacy  of  the  reaction  to  pressure  stimulation.  At  one  stage 
its  action  before  the  con\adsive  responses  are  obtained  the  thresh 
stimulus  is  greatly  lowered, — mere  contact  with  the  toes  causei 
rapid  retraction  of  the  leg;  whereas  in  the  normal  reflex  frof 
relatively  large  pressure  is  necessary  to  obtain  a  similar  respor 
At  this  stage  in  the  action  of  the  stiychnin  the  effect  of  the  a 
stimulus,  on  the  contrar\%  may  be  markedly  weakened  so  far 
the  time  element  is  concerned.  If  the  action  of  the  str\'chiui 
not  too  rapid,  it  is  usually  |x>ssible  to  find  a  jxiint  at  which 
time  for  the  reflex  is  diminished,  but  this  effect  quickly  disappe 
and  the  period  between  stimidus  and  response  becomes  marke 
lengthened  at  a  time  w'hen  the  slightest  mechanical  stimul  at  ion  gi 
a  rapid  reflex  movement.  This  paradoxical  result  may  depend  f 
sibly  upon  the  variety  of  nerve  fiber  stimulateil  by  the  two  kit 
of  stimuli  or  may  be  connected  with  the  fact  that  the  a 
stimuli  may  bring  about  inhibitor}^  as  well  as  excitatorj-  procef 
in  the  cord. 

Reflexes  from  Other  Parts   of  the  Nervous   Systemt— I 
merous  typical  reflexes  are  known  to  occur  in  the  brain.     ' 
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reflex  effects  upon  the  important  centers  in  the  medulla,  such 
as  the  vasomotor  center,  the  respiratory  center,  and  the  cardio- 
inhibitory  center,  the  winking  of  the  eye,  sneezing,  the  light  reflex 
upon  the  sphincter  muscle  of  the  iris,  and  many  other  similar  cases 
might  be  enumerated.  All  of  these  reactions  will  be  described 
and  discussed  in  their  proper  places.  The  conscious  reactions  of 
the  brain  are  not  included  among  the  reflexes  by  virtue  of  the  defi- 
nition which  lays  stress  upon  the  involuntary  characteristic  of  the 
reflex  response,  but  it  should  be  remembered  that,  so  far  as  the 
nervous  mechanism  is  concerned,  these  conscious  reactions  do  not 
differ  from  the  true  reflexes.  When  we  voluntarily  move  a  limb 
the  movement  is  guided  and  controlled  by  sensory  impulses  from  the 
muscles  put  into  action.  The  fibers  of  muscle  sense  from  these 
muscles  convey  sensory  impulses  through  a  chain  of  neurons  to 
the  cortex  of  the  brain  and  there  the  impulses  doubtless  affect  and 
set  into  action  the  motor  neurons  through  which  the  movement  is 
effected.  So  far  as  we  know,  the  discharges  from  the  efferent 
neurons  of  the  brain  do  not  arise  independently  within  these  cells, 
they  are  conditioned  or  originated  by  stimuli  from  other  neurons; 
80  that  the  activities  of  the  brain  are  carried  on  by  a  mechanism  of 
one  neuron  acting  on  another,  just  as  in  the  case  of  the  reflex  arc. 
The  added  feature  of  a  psychical  factor,  a  reaction  in  consciousness, 
enables  us  to  draw  a  line  of  distinction  between  these  activities  and 
those  of  so-called  pure  reflexes;  but  the  distinction  is  perhaps  one  of 
convenience  only,  for,  although  the  extremes  may  be  far  enough 
apart  to  suit  the  definition,  many  intermediate  instances  may  be 
found  which  are  diflBcult  to  classify.  All  skilled  movements,  for  in- 
stance, such  as  walking,  singing,  dancing,  bicycle  riding,  and  the 
like,— although  in  the  beginning  obviously  effected  by  voluntary 
«H)rdination,  nevertheless  in  the  end,  in  proportion  to  the  skill  ob- 
tained, become  more  or  less  entirely  reflex, — that  is,  involuntary. 
In  learning  such  movements  one  must,  as  the  saying  goes,  establish 
kis  reflexes,  and  the  result  can  hardly  be  understood  otherwise  than 
by  supposing  that  the  continual  adjustment  of  certain  sensory  im- 
pulses to  certain  co-ordinated  movements  results  in  the  formation 
of  a  more  or  less  complex  reflex  arc,  a  set  of  paths  of  least  resistance. 
Reflexes  through  Peripheral  Ganglia — Axon  Reflexes.— 
JJany  attempts  have  been  made  by  physiologists  to  ascertain 
whether  or  not  reflexes  can  occur  through  the  peripheral  nerve 
ganglia,  lying  outside  the  central  nervous  system.  With  regard 
to  the  posterior  root  ganglia,  it  has  usually  been  supposed  that 
they  cannot  exhibit  reflexes.  When  the  posterior  root  con- 
necting such  a  ganglion  to  the  cord  is  severed,  then,  according 
to  our  usual  conception,  the  cells  in  the  ganglia  are  cut  off 
from  all  connections  with  the  peripheral   tissues  by  efferent 
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paths.      This  usual  view   may   not,   however,    be  correct 
the  pi lysio logical  side  we  have  the  fact  (see  p.  81)  that  sti 
lation  of  certahi  of  the  posterior  root  ganglia  under  such 
eumstaiiees    does    give    peripheral    effei 
/gk  oil   the   blood-vessels,   causing   a   vascoi 

Y  dilatation    in    a    certain  region.     On 

histological   side   Cajal*   and   others  hai 
shown  that  some  of  these  cells  are  provi 
with   a   pericellular  nerve  network^  whi 
is  an  afferent  path  so  far  as  the  cell  is  c< 
cerned,   while   the   axon  of   the  cell   c< 
stitutes  an  efferent  patii.     Whether  t 
cells  form  a  special  group  of  efferent  cell 
lying    within    ihe    sensory    ganglion,    c 
whether  they  are  sensory  cells  dischargJi 
into    the    cord    and    stimulated     refleii 
through    the    nerve    network    as    well  i 
through  the  peripheral  process  of  the  ax0 
cannot    be   said.     The  subject  is  one  ft 
of  interest  to  physiology*     In  the  gan 
of  the  sympathetic  nerve  and  its  ap] 
dages  and  in  the  similar  ganglia  contai 
in  many  of  the  organs  the  nerve  cells  hfti 
dendritic   processes,    and.   so   far   as  t] 
histology  is  concerned,  it  would  seem  poi 
ble  that  in  any  ganglion  of  this  type  thi 
might  be  sensory   and   motor  neurons 
connected    as   to    make   the   ganglion 
independent     reflex     center.       Nuraeroi 
experiments    have    been    made    to    determine    experiment; 
whether  reflexes  can  he  obtained  through  such  ganglia.     Perh 
the  most  successful  of  these  experiments  have  been  made  up< 
the  inferior  mesenteric  ganglion. 

This  ganglion  may  be  isolated  from  all  connections  wil 
the  central  nervous  system  and  left  attached  to  the  bladd 
through  the  two  hypogastric  nerves  (see  Fig*  287)*  If  now  ci 
of  these  nerves  is  cut  and  the  central  stump  is  stimulated  J 
contraction  of  the  bladder  follows.  Obviously  in  this  case  tl 
impulse  has  traveled  to  the  ganglion  and  down  the  other  )4 
pogastric  nerve;  the  reaction  has  every  appearance  of  beings 
true  reflex.  Nevertheless,  Langley  and  Anderson,!  who  hal 
studied  the  matter  with  especial  care,  are  convinced  that  in  t^ 

^CajaJt  "Ergebnisse  der  Anat.  u.  EntwickdunpsgeiM'bichte,"  vol,  xi 
1906;  Do^l  '"Btui  der  SpiiixilKanglien,  etc.;'  190.S, 

t  Langley  aad  *\nderaon,  "Journal  of  Phi'Jiiolog>',"  Ifi,  410,  IS^ 


Fig,  6ft.— Sahema  to 
■bow  idea  <jf  aJn  axon  re- 
flex: Th«  pticBiifij^lioriic 
fiber,  a,  aends  bnuiebea 
to  two  poet«»]3jcH»iiit^ 
fibers^  b,  c.  U  stimulated 
At  X  the  impulse  piLssea 
bukckwftrd  in  a  direction 
the  reverse  uf  oonxial  aud 
follLnji^  into  ^  and  c  givos 
A  pdeudoreflex  eflect. 
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and  similar  cases  we  have  to  do  with  what  they  call  pseudo- 
reflexes  or  axon  reflexes.  The  idea  underlying  this  term  may 
be  explained  in  this  way:  Every  sympathetic  ganglion  is 
connected  with  the  central  nervous  system,  brain  and  cord, 
by  efferent  spinal  fibers,  preganglionic  fibers,  which  terminate  by 
arborization  around  the  dendrites  of  the  sympathetic  cells.  The 
efferent  fibers  arising  from  the  latter  may  be  designated  as  post- 
ganglionic fibers.  These  authors  give  reasons  to  believe  that  any 
one  preganglionic  fiber,  a,  Fig.  69,  may  connect  by  collaterals  with 
several  sympathetic  cells.  If  such  a  fiber  were  stimulated  at  x, 
then  the  impulse  passing  back  along  the  axon  in  a  direction  the 
Inverse  of  normal  would  stimulate  cells  b  and  c,  giving  effects  that 
are  apparently  reflex,  but  which  differ  from  true  reflexes  in  that 
the  stimulating  axon  belongs  to  a  motor  neuron.  Under  normal 
mumstanees  it  is  not  probable  that  an  effect  of  this  kind  can  be 
produced. 

The  Tonic  Activity  of  the  Spinal  Cord. — In  addition  to  the 
definite  reflex  activities  of  the  cord,  each  traceable  to  a  distinct 
sensory  stimulus,  there  is  evidence  to  show  that  many  of  its  motor 
iieuroDs  are  in  that  state  of  more  or  less  continuous  activity  which 
^  designate  as  tonic  activity  or  tonus.    There  is  abundant  reason 
for  this  belief  in  regard  to  many  of  the  special  centers  of  the  cord 
and  brain,  such  as  the  vasomotor  center,  the  center  for  the  sphinc- 
ter muscle  of  the  iris,  the  centers  for  the  sphincter  muscles  of  the 
bladder,  the  anus,  etc.    But  the  evidence  includes  the  motor 
licurons  to  the  voluntary  as  well  as  the  involuntary  musculature. 
In  a  decapitated  frog  the  muscles  take  a  definite  position,  and 
Brondgeest  showed  that  if  such  an  animal  is  suspended,  after  cut- 
ting the  sciatic  plexus  in  one  leg,  the  leg  on  the  uninjured  side 
tafces  a  more  flexed  position.    The  explanation  offered  for  this 
i^t  is  that  the  muscles  on  the  sound  side  are  being  iimervated 
by  the  motor  neurons  of  the  cord.    Inasmuch  as  a  result  of  this 
Wnd  caimot  be  obtained  from  a  frog  whose  skin  has  been  removed, 
or  in  one  in  which  the  posterior  roots  have  been  severed  it  seems 
evident  that  this  tonic  discharge  from  the  motor  neurons  is  due 
to  a  constant  inflow  of  impulses  along  the  sensory  paths.    The 
DiiMcle  tonus,  in  other  words,  is  really  a  reflex  tonus,  which  differs 
^  ordinary  reflex  movements  only  in  the  absence  of  a  sudden, 
^ble  contraction  and  in  the  more  or  less  continuous  character 
of  the  innervation.    In  the  section  on  animal  heat  the  importance 
of  this  constant  innervation  of  the  muscles  as  a  source  of  heat  is 
further  emphasized.    The  idea  of  a  more  or  less  continuous  but 
^Tng  activity  of  the  centers  in  the  brain  and  cord  in  consequence 
yf  the  continuous  inflow  of  impulses  along  the  sensory  paths  fits 
^  very  well  with  many  facts  observed  in  the  peripheral  organs, — 
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facts  that  will  be  referred  to  from  time  to  time  as  the  physiol 
of  these  organs  is  considered. 

EfiFects  of  Removal  of  the  Spinal  Cord.^Numerous  invi( 
gatore  have  sectioned  the  eord  partly  or  rompletely  at  vaii 
levels.  The  general  results  of  these  experiments  as  regards 
of  sensation  or  voluntary  movement  are  described  in  the  i 
section  treating  of  the  cord  as  a  path  of  coodiiction  to  and  I 
the  brain.  But  attention  may  be  called  here  to  some  of  the  ( 
eral  results  obtained  by  Goltz*  in  some  remarkable  experina 
in  which  the  entire  cord  was  removed  \nth  the  exception  of 
cervical  region  and  a  small  portion  of  the  upper  thoracic, 
making  this  experiment  it  was  necessar}^  to  perform  the  opera 
in  several  ste|:ks.  That  is,  the  cord  was  first  sectioned  in  the  ii] 
thoracic  region  and  then  in  successive  operations  the  lower 
racic,  lumbar,  and  sacral  regions  were  removed  completely.  ^ 
great  care  was  necessary  in  the  treatment  of  the  animals  I 
these  operations,  but  some  survived  and  lived  for  long  peri 
the  digestive,  circulator^',  and  excreton*  organs  performing  i 
functions  in  a  normal  manner.  The  muscles  of  the  hind  Ij 
aad  trunk,  however,  imderwent  complete  atrophy,  owing  to 
destruction  of  their  motor  nerves.  The  blood-vessels  also  ^ 
paralyzed  after  the  first  operations^  but  gradually  their  mil 
lature  again  reeovered  tone,  showing  that^  although  under  noi 
conditions  the  tonic  contraction  of  the  vessels  is  under  th« 
fluence  of  ner^^es  arising  from  the  cord,  this  tone  may  be  re-e| 
liahed  in  time  aftex  the  severance  of  all  spinal  connections.  8 
of  the  specific  results  of  these  experiments,  bearing  upon  th< 
flexes  of  defecation,  micturition »  and  parturition,  will  be  descr 
later.  Attention  may  be  called  here  to  the  general  ra 
illustrating  the  general  functions  of  the  cord,  | 

In  the  first  place,  there  was,  of  course,  a  total  paralysis  of  vc 
tary  movement  in  the  muscles  innervated  normally  through 
parts  of  the  cord  removed,  and  a  complete  loss  of  sensation  in 
same  regions,  particularly  of  cutaneous  and  muscular  sensiW 
In  the  second  place,  the  visceral  organs,  including  the  blood-vej 
were  shown  to  be  much  more  independent  of  the  direct  contn 
the  central  nervous  system.  While  thewe  organs  in  the  experiifl 
under  consideration  were  still  in  connection  with  the  sympati 
ganglia  and  in  part  with  the  brain  through  the  vagi,  still  I 
connections  with  the  central  nervous  system,  particularij 
regards  their  sensory  paths  and  the  innervation  of  the  blood- vea 
were  in  largest  part  destroyed.  The  immediate  effect  of 
destruction  w^ould  have  been  the  death  of  the  animal  if  the  > 

♦  Goltz  and  Ewald,  *'  PflQger's  Archiv  fur  die  gesammt^  Physiologic, 
362,  1896. 
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of  the  observer  had  not  replaced,  in  the  beginning,  the  normal 
control  exercised  by  the  nervous  system  through  the  spinal  nerves; 
but  later  this  careful  nursing  was  not  required.  While  these  organs, 
therefore,  are  capable  of  a  certain  amount  of  independent  activity 
and  c(H)rdination,  they  are  normally  controlled  through  the  various 
reflex  activities  of  the  brain  and  cord.  In  the  third  place,  it  is 
noteworthy  that  the  adaptability  of  the  cordless  portion  of  the 
animal  was  distinctly  less  than  normal.  Its  power  of  preserving  a 
constant  body  temperature  was  more  limited  than  in  the  normal 
animal,  and  the  susceptibiUty  to  inflammatory  disturbances  in  the 
visceral  organs  was  greatly  increased.  It  seems  evident,  from  these 
facts,  that,  although  the  animal  was  Uving,  its  power  of  adaptation  to 
niarked  changes  in  the  external  or  internal  environment  was  greatly 
lessened,  and  this  fact  illustrates  well  the  great  general  importance 
of  the  spinal  cord  and  brain  as  reflex  centers  controlling  the  nutri- 
tion and  co-ordinated  activities  of  the  body  tissues  and  organs. 
TWb  control  is  necessary  imder  normal  conditions  for  the  success- 
fnl  eombination  of  the  activities  of  the  various  organs.  A  large 
part  of  this  control  is  doubtless  dependent  upon  the  regulation  of 
the  blood  supply  to  the  various  organs.  The  mechanism  by  which 
this  is  effected  and  the  parts  played  by  the  cord  and  the  brain 
(medulla  oblongata),  respectively,  will  be  described  in  the  section 
on  Circulation. 

Knee-jerk. — Knee-jerk  or  knee-kick  is  the  name  commonly 
given  to  the  jerk  of  the  foot  when  a  light  blow  is  struck  upon  the 
patellar  ligament  just  below  the  knee.  The  jerk  of  the  foot  is 
due  to  a  contraction  of  the  quadriceps  f emoris  muscle.  Accord- 
ing to  Sherrington,  the  parts  of  this  muscular  mass  chiefly 
concerned  are  the  m.  vastus  medialis  and  m.  vastus  intermedins. 
In  order  to  obtain  the  muscular  response  it  is  usually  neces- 
sary to  put  the  quadriceps  under  some  tension  by  flexion  of  the 
leg.  This  end  is  achieved  most  readily  by  crossing  the  knees 
or  by  allowing  the  leg  to  hang  freely  when  sitting  on  the  edge 
of  a  bench  or  table.  Under  such  circumstances  the  jerk  is 
obtamed  in  the  great  majority  of  normal  persons,  and  this 
fact  has  made  it  an  important  diagnostic  sign  in  many  diseases 
of  the  spinal  cord.  The  importance  of  the  reaction  for  such 
purposes  was  first  brought  out  by  the  work  of  Erb  and  Westphal  * 
in  1875. 

Reinforcement  of  the  Knee-jerk. — It  was  first  shown  by 
Jttidrassik  (1883)  that  the  extent  of  the  jerk  may  be  greatly  aug- 
n^ented  if,  at  the  time  the  blow  is  struck  upon  the  tendon,  a  strong 
Voluntary  movement  is  made  by  the  individual,  such  as  squeezing 
tie  hands  together  tightly  op  clenching  the  j  aws.  This  phenomenon 
♦  Erb  and  Wertphal,  "  Archiv  f.  Psychiatrie,"  1876,  vol.  v. 
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was  studied  carefully  in  this  country  by  Mitchell  and  Lewis,^ 
ascertained  that  a  similar  augmentation  may  be  produced  by  § 
the  indivithjal  a  simultaneous  sensor>'  stimulation.  They  i 
nated  the  phenomenon  as  a  reinforcement,  and  this  name  is 
erally  employed  by  English  writers,  although  occasionally  the 
"Bahnung/*  introduced  by  Exner  to  describe  a  similar  pk 
enon^  is  also  used.  It  is  found  that  by  a  reinforcement  the 
jerk  may  be  demonstrat'ed  in  some  individuals  in  whom  the 
nar>^  blow  uix>n  the  tendon  fails  to  elicit  a  resix^nse.  Bowditc 
Warren  t  studied  the  phenomenon  of  reinforcement  and  brougl 
a  fact  of  ver}^  great  interest.  They  studied  especially  the 
interv^al  between  the  blow  upon  the  tendon  and  the  reinforcir 
and  found  tlmt  if  the  latter  preceded  the  blow  by  too  great  an 
val  then,  instead  of  an  augmentation  of  the  jerk,  there  was  a 
nut  ion  which  they  designated  as  negative  reinforcement  or 
bition.  This  inhibiting  effect  began  to  appear  when  the  reinfc 
act  (hand'Squeeze)  preceded  the  blow  by  an  inter\^al  of  fron 
to  0.6  sec.^  and  the  maximum  inhibiting  effect  was  obtained 


FI2.  70. — ShowiniE  in  millimeter?  the  amouiit  by  whieb  the  ^'reinforced"  kn 
varied  from  the  normal,  the  level  of  which  w  repreflented  by  the  horizontal  line  «i  0 
ni»I."  The  time  tntenali^  ifjap^iug  between  the  cleQehtnc of  the  IuuhIa  (which  oooJ 
Ihe  reinforrementl  and  the  tap  on  the  tendon  are  marked  below.  The  reinforcei 
greatett  when  the  two  event*  are  nearly  rtiiuultaneoms.  At  an  interval  of  €.4 
amouata  to  nttthirag;  during  the  next  Q^O  see.  the  height  of  the  kick  is  actiially  dimJ 
while  after  an  interval  of  1  occ.  the  negative  reinforcement  tendji  to  disappear;  ao* 
1,7  MNO.  ia  allowed  to  elapse  the  height  of  the  Idck  cea^eii  to  be  affected  by  the  dene 
the  hands. — {Bmoditeh  and  Warrenl) 


interval  of  from  0.6  to  0.9  sec.  Beyond  this  point  the  effect  h 
less  nolieeable,  and  at  an  interv^al  of  L7  to  2.5  see.  the  reinf( 
act  had  no  influence  at  all  upon  the  jerk.  These  relatioi 
shown  in  the  accompanying  curve  (Fijp:.  70).     These  author 

*  Mitchell  and  Lewis,  "  American  Journal  of  Med*  Sciences/' 92. 363, 1 
t  Bowditch  and  Warren,  '*  Journal  of  Physiology, "  2,  26,  1890. 
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finned  also  the  fact  that  a  sensoiy  stimulus,  such  as  a  gentle  blast 
of  air  on  the  conjunctiva  or  the  knee,  may  reinforce  the  jerk.  The 
physiological  explanation  of  the  reinforcement,  negative  and  posi- 
tive, is  a  matter  of  inference  only,  but  the  view  usually  held  is  that 
it  is  due  to  "overflow."  That  is,  many  facts,  such  as  strychnin 
tetanus,  indicate  that  the  neuromuscular  machinery  of  the  entire 
eentral  nervous  system  is  more  or  less  directly  connected  and  that 
functional  activity  at  one  part  may  influence  the  irritability  of  the 
remainder,  either  in  the  direction  of  reinforcement  or  inhibi- 
tion. We  may  conceive,  therefore,  that  when  the  hands  are 
squeesed,  the  motor  impulses  sent  down  from  the  cortex  of  the 
biain  to  the  upper  portion  of  the  cord  overflow  to  some  extent, 
Buicient  at  least  to  alter  the  irritability  of  the  other  motor  neurons 
in  the  cord.  Experimental  stimulation  of  the  cortex  has  given 
similar  results.  Exner*  found  that  when  the  motor  center  for  the 
foot  in  the  cortex  of  a  rabbit  was  stimulated,  the  stimulation,  even 
if  too  weak  to  be  efifective  itself,  caused  an  increase  in  the  contraction 
biou^t  about  reflexly  by  a  simultaneous  stimulation  of  the  skin 
^  the  paw,  and  furthermore  if  these  stimuli  were  so  reduced  in 
strength  that  each  was  inefifective,  then  when  applied  together  a 
contraction  was  obtained.  In  this  case  an  ineffective  stimulus 
^m  the  cortex  reaching  the  spinal  cord  increased  the  irritability 
of  the  motor  centers  there  so  that  a  simultaneous  reflex  stimulus 
from  the  foot,  ineffective  in  itself,  became  effective. 

Is  the  Knee-jerk  a  Reflex? — ^The  most  interesting  question 
^  this  connection  is  whether  the  jerk  is  a  true  reflex  act  or  is  due 
^  a  direct  mechanical  stimulation  of  the  muscle.  Opinions  have 
^  divided  upon  this  point.  Those  who  believe  that  the  jerk  is  a 
^9ex  lay  emphasis  upon  the  undoubted  fact  that  the  integrity  of 
^  reflex  arc  is  absolutely  essential  to  the  response.  The  quad- 
riceps receives  its  motor  and  sensory  fibers  through  the  femoral 
ner\'e,  and  pathological  lesions  upon  man  as  well  as  direct 
^rimental  investigation  upon  monkeys  prove  that  if  either  the 
posterior  or  anterior  roots  of  the  third  and  fourth  lumbar  spinal 
'^wves  are  destroyed  the  knee-jerk  disappears  entirely.  The  oppo- 
^ts  of  the  reflex  view  explain  this  fact  by  the  theory  that  in 
order  for  the  quadriceps  to  respond  it  must  be  in  a  condition 
^  tonus.  This  tonus  depends  upon  the  reflex  arc,  the  sensory 
^pulses  from  the  muscle  serving  to  keep  it  in  that  condition 
^  subdued  contraction  known  as  tone.  On  this  view  destruc- 
tton  of  the  reflex  arc  renders  the  muscle  less  irritable,  so  that  it 
^  not  respond  by  a  contraction  to  the  sudden  mechanical  exten- 
*^Q  or  pull  caused  by  the  blow  on  the  tendon.  The  adherents  of 
this  view  lay  emphasis  upon  two  facts:  First,  the  knee-jerk  is  a 
♦Exner,  "Archiv  f.  die  gesammte  Physiologie,"  27,  412,  1882. 
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simple  contraction,  and  not  a  tetanus,  and,  generally  sp 

the  motor  centers  of  the  cord  discharge  a  series  of  impuls 

st initiated.  In  answer  to  this  objection  it  may  be  said  !h 
while  muscular  contractions  produced  reflexly  are  usua 
tetanic,  it  does  not  follow  that  this  is  invariably  the  case.  Sh 
rington*  has  shown,  for  instance,  that  an  undoubted  re 
designated  by  hioi  as  the  '* extensor  thrust, "  which  also  invoW 
the  extensor  muscles  of  tlie  hind  leg,  is  very  short  lasting,  requii 
ing  perhaps  only  |  sec,  and  judged  by  this  standard  is  as  mud 
of  a  simple  contraction  as  the  knee-jerk.  The  **  extensor  thnidj 
is  a  sharp  contraction  of  the  extensor  muscles  of  the  hindM 
amused  by  pressure  upon  the  plantar  surface  of  the  hind  fod 
On  the  frog  also  a  single  stimulus  applied  to  the  central  end  of « 
divided  sciatic  nerve  will  call  forth  a  reflex  contraction,  which  il 
twitch,  and  not  a  tetanus.  Second,  the  time  for  the  jerk — thatl 
the  interval  betw^een  the  stimulus  and  the  response — is  too  shw 
for  a  reflex.  The  determination  of  this  time  has  been  attempted  l^ 
many  observers  for  the  purpose  of  deciding  the  controversy,  bu 
unfortunately  the  results  have  been  lacking  in  unifomnity,  alt  bong 
the  best  results  from  man  indicate  a  latency  between  stimulus  aft' 
response  of  0.023  sec.  after  deducting  the  latent  period  of  the  miis 
cle  itself.  Applegarth,  making  use  of  a  dog  with  a  severed  spmn 
cord,  obtained  for  the  time  of  the  knee-jerk  an  inten-al  of  O.0Ht 
0.02  sec;  Waller  and  Gotch,  using  the  rabbi t,  foimd  the  time  tob 
only  0.008  to  0.005  sec.  Other  figures  would  appear  to  indic«t 
that  the  latent  period  is  shorter  the  smaller  the  animal,  a  fact  whid 
in  itself  would  imply  that  some  factor  other  than  the  latency  o 
the  muscle  itself  enters  into  the  time  required.  And  if  we  accep 
the  newer  figures  in  regard  to  the  velocity  of  the  ner\'e  impulse  il 
mammalian  nerves  at  the  body  temperature  (see  p.  Ill),  tber 
would  seem  to  be  sufficient  time  in  all  cases  for  the  impulse  toge 
to  the  cord  and  back.  Several  observersf  have  attempted  t 
determine  the  time  intervening  between  stimulus  and  re€^p<4 
by  using  the  string  galvanometer  to  indicate  the  electrical  respoid 
in  the  muscle,  instead  of  attempting  to  record  the  contractioi 
itself.  According  to  Snyder,  the  time  interv^al  lies  between  0.011 
and  0,015  sec,,  while  Hoffmann's  results  give  an  interval  of  O.Ol 
to  0,024  sec.  The  calculations  of  both  observ^ers  indicate  that  th 
time  is  sufficient  for  a  reflex,  and  much  too  long  for  a  direct  exciti 
tion.  In  the  case  of  the  Achilles  jerk,  Hoffmann  finds  that  it  c^ 
be  liberated  by  electrical  stimulation  of  the  n.  tibialis  and  m 
under  these  circumstances  there  is  first  a  deflection  of  the  galv^ 
meter,  due  to  direct  stimulation  of  the  gastrocnemius  throu] 

*  Sherrington,  "Th**  Intpgrativc^  Action  of  the  Nfrvous  System/^  1906 

t  Snycier,  *' American  Journal  of  Physiology/'  26,  474,  1910,     Hoffmju 

"Archiv  f,  Physiologie,*'  1910,  223.  ^ 
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itsmotor  nerve,  and  this  is  followed  later  by  a  second  deflection,  due 
to  reflex  stimulation.  This  latter  accords  in  time  interval  with  the 
Achilles  jerk,  and  gives  a  new  proof  that  the  phenomenon  is  a 
genuine  reflex.  In  view  of  these  facts  it  would  seem  to  be  safe 
to  conclude  that  the  knee-kick  and  similar  phenomena  are  reflexes, 
but  reflexes  in  which  a  single  nerve  impulse  is  sent  out  from  the 
oord,  causing  a  simple  contraction  in  the  muscle  affected. 

Conditions  Influencing  the  Extent  of  the  Knee-jerk. — The 
effect  of  various  normal  conditions  upon  the  knee-jerk  has  been 
studied  by  a  number  of  observers,  particularly  by  Lombard.*  The 
results  are  most  interesting  in  that  they  indicate  very  clearly  that 
the  irritability  of  the  spinal  cord  varies  with  almost  every  iharked 
change  in  mental  activity.  During  sleep  the  jerk  disappears 
ind  m  mental  conditions  of  a  restful  character  its  extent  is  relatively 
nalL  In  conditions  of  mental  excitement  or  irritation,  on  the 
coDtraiy,  the  jerk  becomes  markedly  increased.  Lombard  ob- 
Krved  also,  in  his  own  case,  a  daily  rhythm,  which  is  represented 
in  the  chart  given  in  Fig.  7L    It  would  seem  from  his  experiments 


.  Fif.  71. — Lombard's  fisure  to  indicate  the  dafly  rhythm  in  the  extent  of  the  knee- 
{nnd  the  effect  of  mental  stimuli.  The  ordinates  (0-110)  represent  the  extent  of  the 
ttk  m  milfimeters.  Each  dot  represents  a  separate  kick,  while  the  heavy  horisontal  line 
P^  the  averace  extent  for  the  period  indicated. 


■hat  the  extent  of  the  knee-jerk  is  a  sensitive  indicator  of  the 
ebtive  state  of  irritability  of  the  nervous  system:  "The  knee- 

♦  Lombard,  "The  American  Journal  of  Psychology,"  1887,  p.  1.  See 
»  article  "Knee-jerk"  (Warren),  "Wood's  Ref.  Handbook  of  Med.  Sci- 
ices,"  second  edition,  1902. 
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jerk  is  increased  and  diminished  by  whatever  increases  and 
minishes  the  aeti\ity  of  the  central  ner\^ous  syst'Cm  as  a  wholf 
This  general  fact  is  supported,  especially  as  regards  mental  aetivil 
by  observations  on  other  similar  mechanisins, — such,  for  instam 
as  the  condition  of  the  nervous  centers  controlling  the  bladder, 

Use  of  the  Knee-jerk  and  Spinal  Reflexes  as  Diagnoi 
Signs. — The  fact  that  the  knee-jerk  depends  on  the  integritj 
the  reflex  arc  in  the  lumbar  cord  has  made  it  useful  as  a  diagnd 
indication  in  lesions  of  the  cord,  particulars^  of   course,  for 
lumbar  region.     It  is  mainly  on  account  of  its  practical  value 
the  ease  with  which  it  is  ordinarily  obtained  that  the  pheB 
enon  has  been  studied  so  extensi%^ely*     In  the  disease  known 
progressive  locomotor  ataxia  the  posterior  root  fibers  in  the  p< 
tenor  columns  in  the  lumbar  region  are  affected,  and,  as  a  cc 
sequence,  the  jerk  is  diminished  or  abolished  altogether  accordi 
to  the  stage  of  the  disease.    So  abo  lesions  affecting  the  antari 
horns  of  the  gray  matter  will  destroy  the  reflex  by  cutting  off  I 
motor  path,  while  in  other  cases  lesions  in  the  brain  or  the  laid 
columns  of  the  cord  afifecting  the  pyramidal  s>' stem  of  fibers  m 
be  accompanied  by  an  exaggeration  of  this  and  similar  reflex 
This  latter  fact  agrees  with  the  experimental  resxilts  (see  p.  14 
upon  ablation  of  the  brain.     After  such  operations  in  the  9 
and  lower  mammals  at  least  the  spinal  reflexes  may  show  a  man 
increase.     Interruption  of  the  descending  connections  between  hn 
and  cord  at  any  point,  therefore,  may  l)e  accompanied  by  a  str 
ing  increase  in  sensitiveness  of  the  spinal  reflexes.     The  explaj 
tion  usually  given  Ls  that  the  inhibitor>^  influences  of  the  bf 
centers  upon  the  cord  are  thereby  weakened  or  destroyed.     ^ 

Other  Spinal   Reflexes. — Various   other  distinctive  refl€S( 
through  the  spinal  cord  may  be  obtained  readily ,  and  since  1 
niutor  cells  concerned   lie   at  different  levels  in   the  cord  t 
presence,  absence,  or  modified  character  of  these  reflexes  I 
been    used    frequently   for   diagnostic    purposes.     In    the  fi- 
place  there  are  a  number  of  so-called  deep  reflexes  which  nti 
be  aroused  by  sensory  stimulation  of  parts  beneath  the  sic 
Buch  as  the  tendons,  ligaments,  and  periosteum.     Almost  ^ 
tendon  if  stimulated  mechanically  may  give  a  jerk  of  the  c^ 
responding  muscle,  just  as  in  the  case  of  the  knee-kick.     Su' 
reactions  have  lieen  (iescribed  and  used  in  the  case  of  the  wris 
jerk,  the  jaw -jerk,  the  Achilles-jerk,  etc.     The  last  named 
obtained  by  putting  the  foot  into  a  position  of  dorsi flexion  an 
then  tapping  the  tendo  calcaneus  (Achillis).     The  result  is 
contraction  of  the  gastrocnemius,  causing  plantar  flexion  of  tl 
foot.     A  variation  of  this  reflex  is  the  phenomenon  known 
ankle   clonus.     This   is   obtained    by    giving   a    quick    furci| 


FiK.  72. — Diacrvunatic  reprcocntation  of  the  lower  portion  of  the  huniMi  bdBb  t/A 
spinal  oonl. 

The  conl  is  divided  into  its  four  regions:  1,  Medulla  cervicalia;  2,  meduDa  donrtf 
3,  medulla  lumbaliM:  4,  medulla  sacralis.  Within  each  region  the  flinnal  ■minwiti  biv 
Roman  numbers.  On  the  left  side  of  the  diagram  the  locality  supplied  by  tiie  iMM*^ 
(afferent)  neurons  is  indicated  by  one  or  more  words,  and  theee  latter  are  eoumrtjj 
with  the  bulb  or  the  segmeiittf  of  the  cord  at  the  levels  at  which  the  nenres  entv.  T* 
afferent  character  is  indicated  by  the  arrow  tip  on  the  lines  of  reference. 

On  the  right-hand  aide  the  names  of  miLMJes  or  groups  of  muaoleB  are  0V*>>i  ^^T" 
them  are  ilrawn  reference  lincM  which  i?tart  from  the  segments  of  the  conTin  wUdb  wi 
cell-bodies  of  origin  have  been  located.  .    ^^ 

Within  the  conl  itself,  the  designations  for  several  reflex  centers  are  iDaeribed  mttt 
."segment  where  the  mechanism  is  localised.  For  example,  Reflexus  acapularis,  0>pt>^ 
rino-Mpinale.  Reflex uh  epigastricuH,  Reflexus  abdominalis,  Reflexus  cremMteriotu,  R*''?! 
patellahs,  Reflexus  tendo  Achilliri.  Centrum  ve^icale.  Centrum  anale  (the  last  two  ontt* 
left  fide  of  the  diagram).  (Donaldson,  "Amer.  Text-book  of  PhysiolQgy/'  from  "looM* 
Neurological,"  Strumpell  and  Jakob.) 
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Fig.   72. 
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domS&ion  to  the  foot  thus  putting  the  tendon  and  muscle 

under  a  sudden  mechanical  strain.     In  some  cases  there  results 

A  rli3rthmical  series  of   contractions  of   the  gastrocnemius.     A 

second  group  of   reflexes  may  be  obtained  by  stimulation  of 

special  points  on  the  skin,  the  cutaneous  reflexes.     For  example, 

the  plantar  reflex,  which  consists  in  a  flexion  of  the  toes  when  the 

sole  of  the  foot  is  stimulated  by  tactile  or  painful  stimuli.     Under 

pathological  conditions  which  involve  a  lesion  of  the  pyramidal 

tracts  in  the  cord   this  reflex  is   altered,  the   great  toe  being 

extended  instead   of    flexed    (Babinski's   phenomenon).     The 

cremasteric  reflex  consists  in  a  contraction  of  the  cremasteric 

muscle  which  raises  the  testis.     It  follows  from  stimulation  of 

the  skin  on  the  inner  side  of  the  thigh  at  the  level  of  the  scrotum. 

The  location  of  the  motor  centers  of  these  and  other  similar 

reflexes  is  shown  in  the  accompanying  illustration  (Fig.  72). 


I 


CHAPTER  Vni, 
THE  SPINAL  CORD  AS  A  PATH  OF  CONDUCTION.] 

In  addition  to  the  varied  and  important  functions  perfoi 
by  the  cord  as  a  system  of  reflex  centers  controlling  the  acti\iti 
of  numerous  glands  and  visceral  organs  as  well  as  the  so-calli 
voiuntar}^  muscles,  it  is  physiologically  mot^t  important  as  a  pat 
way  to  and  from  the  brain.  All  the  fibers,  numbering  more  thi 
half  a  million,  that  enter  the  cord  through  the  posterior  root^ 
the  spinal  nerves  bring  in  afferent  impulses,  which  may  be  continiM 
upward  by  definite  tracts  that  end  eventually  in  the  cortex  of  tl 
cerebrum p  the  cerebellum,  or  some  other  portion  of  the  brain.  (. 
the  other  hand,  many  of  the  efferent  impulses  originating  reflex 
or  otherwise  in  different  parts  of  the  brain  are  conducted  downwa: 
into  the  cord  to  emerge  at  one  or  another  of  the  anterior  roots 
the  spinal  nerves.  The  location  and  extent  of  these  ascending  ai 
descending  j>aths  form  a  part  of  the  inner  structure  of  the  cor 
which  is  most  important  practically  in  metllcal  diagnc^is  and  whii 
has  been  the  subject  of  a  vast  amount  of  experimental  inquin- 
phy9iolog>%  anatomy^  pathology,  and  clinical  medicine.  In  workii 
out  this  inner  architecture  the  neuron  conception  has  !>een  of  I 
greatest  value^  and  the  results  are  usually  presented  in  temu' 
these  interconnecting  units* 

The  Arrangement  and  Classification  of  the  Nerve  Ci 
in  the  Gray  Matter  of  the  Cord. — Nene  cells  are  scattfll 
throughout  the  gray  matter  of  the  cord^  but  are  arranged  mo 
or  less  distinctly  in  gixmps  or,  considering  the  longitudinal  aspe 
of  the  cord,  in  columns  the  character  of  which  varies  somewhat 
the  different  regions.  From  the  standjwint  of  physiological  anatoB 
these  cells  may  be  grouped  into  four  classes:  (1)  The  ant^ 
root  cells,  clustered  in  the  anterior  column  of  gray  matter  (1,  Fi 
73).  The  axons  of  these  cells  pass  out  of  the  cord  almost  at  on 
to  form  the  anterior  or  motor  roots  of  the  spinal  nerves.  (2)  T 
tract  cells,  so  called  because  their  axons  instead  of  leaving  the^ 
by  the  spinal  roots  enter  the  white  matter  and»  passing  upl|| 
or  duwnwartl,  help  to  form  the  tracts  into  which  this  white  mat 
may  be  dividcti  (2  ami  S  of  Fig.  73).  These  tract  cells  are  foil 
throoghout  the  gray  matter,  and,  according  to  the  side  on  which  1 
axon  enters  into  a  tract,  they  maybe  divided  into  three  subgrou 
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(a)  Those  whose  axons  enter  the  white  matter  on  the  same  side  of 
the  cord,  the  tautomeric  tract  cells  of  Van  Gehuchten.  (b) 
Those  whose  axons  pass  through  the  anterior  white  commissure 
and  thus  reach  the  tracts  in  the  white  matter  of  the  other  side. 
These  are  known  as  commissural  cells  or  the  heteromeric  tract 
cells  of  Van  Gehuchten.  They  form  one  obvious  means  for  crossed 
conduction  in  the  cord,  (c)  Those  whose  axons  divide  into  two, 
one  passing  into  the  white  matter  of  the  same  side,  the  other  pass- 
bg  by  way  of  the  anterior  commissure  to  reach  the  white  matter 
of  the  opposite  side — ^the  hecateromeric  tract  cells  of  Van  Gehuch- 
ten (3)  The  Golgi  cells  of  the  second  type — that  is,  cells  whose 


i/^nU, 


Rf-  73.— Schema  of  the  structure  of  the  cord. — After  Lenhoasek.)  On  the  right  the 
'i  odk;  on  the  left  the  entering  nerve  fibers.  Right  side:  1,  Motor  cells,  anterior 
^^^.  giving  ride  to  the  fibers  of  the  anterior  root;  2,  tract  ceUs  whone  axons  pass  into 
gyytute  matter  of  the  anterior  and  lateral  funiculi;  2,  commissural  ceils  whose  axons  paaa 
JM^  through  the  anterior  commissure  to  reach  the  anterior  funiculi  of  the  other  side; 
••Golfi  eelb  (necond  type),  whose  axons  do  not  leave  the  gray  matter;  5.  tract  cells  whose 
■**■  pa«  into  the  white  matter  of  the  posterior  funiculi.  Left  side:  1,  Entering  fibers 
wtMporterior  root,  ending,  from  within  outward,  as  follows:  Clarke's  column,  posterior 
**jn>?  of  opposite  side,  anterior  column  same  side  (reflex  arc),  lateral  column  of  same  side. 
Pawnor  column  of  same  side;  2,  collaterals  from  fibers  in  the  anterior  and  lateral  funiculi, 
^  eoUatenb  of  descending  pyramidal  fibers  ending  around  motor  cells  in  anterior  column. 


axons  divide  into  a  number  of  small  branches   like  those  of   a 
^l^drite.     The  axons  of  these  cells,  therefore,  do  not  become 
Dtedullated  nerve  fibers;    they  take  no  part  in  the  formation  of 
tte  spinal  roots  or  the  tracts  of  white  matter  in  the  cord,  but 
tominate  diffusely  within  the  gray  matter  itself.    (4)  The  pos- 
terior root  cells  lying  toward  the  base  of  the  anterior  columns. 
These  cells  have  been  demonstrated  in  some  of  the  lower  verte- 
brates (petromyzon — chick  embryo),  but  their  existence  in  the 
mammal  is  still  a  question  in  some  doubt;  their  axons  pass  out 
from  the  cord  by  the  posterior  root  and  they  form  the  anatomical 
evidence  for  the  view  that  the  posterior  roots  may  contain  some 
11 
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efferent  fibers.  Some  of  the  groups  of  tract  cells  have  been  given 
special  names^ — such,  for  instance,  as  the  dorsal  nucleus  (Clarke's 
column).  This  group  of  cells  lies  at  the  inner  angle  of  the 
posterior  column  of  gray  matter  (5,  Fig.  76),  and  forms  a  column 
usually  described  as  extending  from  the  middle  lumbar  to  the 
upper  dorsal  region.  The  axons  from  these  cells  pass  to  fche 
dorsal  margin  of  the  lateral  funiculi  on  the  same  side  to  con- 
stitute an  ascending  tract  of  fibers  known  as  the  tract  of  Flechsig^ 
or  the  fasciculus  cerebellospinalis. 

General  Relations  of  the  Gray  and  White  Matter  in  tlie 
Cord,— Cross-sections  of  the  cord  at  different  levels  show  tkt 
the  relative  amounts  of  gray  hud  white  matter  differ  considerably 
at  different  levels,  so  that  it  Is  quite  possible  to  recognize  easily 
from  what  region  any  given  section  is  taken.  At  the  cervical  and 
the  lumbar  enlargements  the  amounts  of  both  gray  and  white 
matter— that  is,  the  total  cross-area  of  the  cord^how  a  suddm 


i 


-Whire  matter, 


¥i«.  74. — GUnrw  le  show  the  relative  areuA  of  the  my  atui  whit^  matter  of  the  i 
eord  at  diffonKnt  levels.^ — ^D€^nnids^^^  and  Davit.)     Tbe  Rom&a  numeraU  alotxg,  Uie  I ' 
rei>re«e(it  the  ong^m  of  the  tlifTerent  apin&l  siervcM, 

inc recuse  owing  to  the  larger  number  of  fibers  arising  at  the^se  le 
The  white  matter,  and  therefore  the  total  cross-area,  shows 
a  constant  increase  from  below  upward,  due  to  the  fact  that  in 
the  upper  regions  many  fibers  exist  that  have  come  into  the  cord 
at  a  lower  level  or  from  the  brain ^  those  from  the  latt€r  region  being 
gradually  distributed  to  the  spinal  nerves  as  we  proceed  downward. 
In  the  accompanying  figure  a  cur\'e  is  priesented  showing  the  crossr 
area  of  the  cord  and  the  relative  amounts  of  gray  and  white  matter 
at  each  segment 

Tracts  in  the  White  Matter  of  the  Cord,  Methods  of  Deter- 
mining.—The  sejia ration  of  the  medullated  fibers  of  the  coi 
int^  distinct  tracts  of  fibci^  possessing  different  functions 
t>een  accomplLshed  in  part  by  the  combined  results  of  in  vestige 
tions  in  anatomy,  physiolog>%  and  pathology.  The  two  methods 
tliat  have  lM?en  employed  most  frec|uently  and  to  the  best  adi'an* 
tage  are  the  method  of  secondary  degeneration  (Wallerian  degeo- 
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eiatbn)  and  the  method  of  myelinization.  The  method  of  second* 
aiy  degeneration  depends  upon  the  fact  that,  when  a  fiber  is  cut 
off  from  its  cell  of  origin,  the  peripheral  end  degenerates  in  a  few 
days.  If,  therefore,  a  lesion,  experimental  or  pathological,  is  made 
in  the  cord  at  any  level,  those  fibers  that  are  affected  undergo 
degeneration:  those  with  their  cells  below  the  lesion  degenerate  up- 
ward, and  those  with  their  cells  above  the  lesion  degenerate  down- 
ward. According  to  the  law  of  polarity  of  conduction  in  the  neuron 
a  descending  degeneration  in  the  cord  indicates  motor  or  efferent 
paths  as  regards  the  brain,  and  ascending  degeneration  indicates 
seDsoiy  or  afferent  paths.  •  It  is  obvious  that  localized  lesions  can 
be  used  in  this  way  to  trace  definite  groups  of  fibers  through  the  cord. 
If,  for  instance,  one  exposes  and  cuts  the  posterior  roots  in  one  or 
more  of  the  lumbar  nerves,  the  portions  of  the  fibers  entering  the 
eord  will  degenerate,  and  the  path  of  some  of  these  fibers  may  be 
traced  in  this  way  upward  to  the  medulla.  The  degenerated  fibers 
may  be  revealed  histologically  by  the  staining  methods  of  Weigert 
or  of  Marchi.  The  latter  method  (preservation  in  Miiller's  fluid, 
stainiiig  in  osmic  acid  and  Miiller's  fluid)  has  proved  to  be  espe- 
cially useful;  the  degenerated  fibers  during  a  certain  period  give 
a  black  color  with  this  Uquid,  owing  probably  to  the  splitting  up 
of  the  lecithin  in  the  myelin  and  the  liberation  of  the  fat  from  itis 
wmbination  with  the  other  portions  of  the  molecule.*  The  mye- 
fini»tion  method  was  introduced  by  Flechsig.  It  depends  upon 
the  fact  that  in  the  embryo  the  nerve  fibers  as  first  formed  have 
00  myelin  sheath,  and  that  this  easily  detected  structure  is  in  the 
central  nervous  system  assumed  at  about  the  same  time  by  those 
bundles  or  tracts  of  fibers  that  have  a  common  course  and  func- 
tion. By  this  means  the  origin  and  termination  of  certain  tracts 
may  be  worked  out  in  the  embryo  or  shortly  after  birth.  The 
well-known  system  of  pyramidal  fibers,  for  instance,  is  clearly 
differentiated  in  the  embryo  late  in  intra-uterine  life  or  at  birth, 
owing  to  the  fact  that  the  fibers  composing  it  have  not  at  that 
toe  acquired  their  myelin  sheaths.  Flechsig  assumes  that  the 
development  of  the  myelin  marks  the  completed  structure  of  the 
nerve  fiber  and  indicates,  therefore,  the  time  of  its  entrance  into 
M  functional  activity. 

General  Classification  o£  the  Tracts. — ^The  tracts  that  have 
been  worked  out  in  the  white  matter  of  the  cord  have  been  classified 
^  several  ways.  We  have,  in  the  first  place,  .the  division  into  as- 
cending and  descending  tracts.  This  division  rests  upon  the  fact 
that  the  axon  conducts  its  impulses  away  from  the  cell  of  origin,  and 
consequently  those  neurons  whose  axons  extend  upward  toward  the 

•See  Halliburton,  "The  Chemical  Side  of  Nervous  Activity,"  London, 
IWl;  "Croonian  Lectureg." 
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higher  parts  of  the  cord  or  brain  are  designated  as  ascending,  sin 
normally  the  impulses  conducted  by  them  take  this  direction.  Til 
constitute  the  afferent  or  sensoiy^  paths,  and  in  case  of  injury  tod 
fiber  or  cell  the  secondary'  degenemtion  also  extends  upward.  Th 
reverse,  of  course,  holds  true  for  the  descending  or  motor  pallw 
The  tracts  may  be  divided  also  into  long  and  short,  (or  segmental 
tracts.  The  ktter  group  comprises  those  tracts  or  fibers  whi| 
have  only  a  short  f ourse  in  the  white  matter,  ext^ndinp:  over  a  (lit 
tance  of  one  or  more  spimil  segments.  Histologically  the  iiber«o 
these  tracts  take  their  origin  from  the  tract  cells  in  the  gray  matte 
of  the  cord  and  after  runiung  in  the  white  matter  for  a  distance  q 
one  or  more  segments  they  again  enter  the  gray  matter  to  terming 
around  the  dendritic  processes  of  another  neuron.  These  shot 
tracts  may  be  ascending  or  descending,  and  the  impulses  that  the; 
conduct  are  conveyed  up  or  down  the  cord  b^^  a  series  of  neurow 
each  of  whose  axons  runs  only  a  short  distance  in  the  white  mattei 
and  then  conveys  its  impulse  to  another  neuron  whose  axon  in  tur 
extends  for  a  segment  or  two  in  the  white  nmtter,  and  so  oi 
Th^e  tracts  are  sometimes  described  as  association  or  short-  associi 
tion  tracts,  because  they  form  the  mechanism  by  which  the  activ 
ties  of  different  segments  of  the  cord  arc  brought  into  associatioj 
This  method  of  conduction  by  segmental  relays  involving  the  pA 
ticipation  of  a  series  of  neurons  may  be  regarded  as  the  primitit 
method.  It  indicates  the  original  structure  of  the  cord  as  a  serii 
of  segments,  each  more  or  less  independent  physiologically*  Tl 
short  tracts  in  the  mammalian  cord  lie  close  to  the  gray  matte 
forming  the  bulk  of  what  is  known  as  the  anterior  and  laten 
proper  favSeiculL  The  lung  tracts,  on  the  contrary,  are  con 
posed  of  those  fibers,  ascending  or  descending,  which  run  a  loc 
distance,  and,  in  fact,  extend  from  the  cord  to  some  part  ' 
the  brain.  It  is  known,  however,  that,  although  the  trac 
as  tracts  extend  from  brain  to  cord,  many  of  their  constituei 
fibers  may  l>egin  and  end  in  the  cord  or  in  the  brain,  as  tl 
case  may  be.  Some  of  the  fibers  of  the  long  tracts  are,  tber 
fore;  so  far  as  the  cord  is  concerned,  simply  long  associatic 
tracts  which  connect  different  regions — c.  g.^  cervical  and  Iut 
bar — of  the  ct»rd  by  a  single  neuron,  as  the  sfiort  ass 
eiation  tracts  connect  different  segments  of  tlie  same  rejrio 
It  is  said  that  in  these  long  tracts  those  fibers  that  ha^ 
the  shortest  course  lie  to  the  inside — that  is,  nearest  to  the  grs 
matter.*  From  the  results  of  comparative  studies  of  the  differc' 
vertebrates  we  may  conclude  that  the  long  tracts  are  a  relative 
late  development  in  their  phylogenetic  history,  and  that  in  tl 
most  highly  developed  animals,   man  and  the  anthropoid  ap< 

♦Sherrington  anrJ  LaKlett,   "Journal  of  Physiology/*  29,   188.   1903;  i 
Sherrington,  ibid.,  14,  255. 
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tese  long  tracts  are  more  conspicuous  and  form  a  larger  per* 
jiitiige  of  tlie  total  area  of  the  vord.  A  physiulogical  €nrollury 
ftliis conclusion  should  l)e  that  in  man  the  independent  activity 
'  the  cord  is  less  marked  than  in  the  lower  vertebrates,  and 
lis  deduction  is  liorne  out  by  facts  (see  p.  144). 

Specific  Designation  of  the  Long  Spinal  Tracts. — The  tracts 
that  areinojit  sati^sfactorily  determinetl  for  the  human  spinal  cord 
&re  indicated  schematically  in  Fig,  75. 

They  are  named  as  follows:     In  the  posterior  funiculus, 

L  The  fasciculus  gracilis  (column  of  Goll). 

2.  The  fasciculus  cuneatua  (column  of  Burdach)* 


t      W^v  ft  . 


[9^ 


F/ 


^/>r 


li^l^TS.— Srhenia  of  the  trmcta  in   the  ."pinat  cord  iKolHkfr)i   a^  Fa9cicutlia  icirarilJB  ; 
^nnQniloaruoeatu*;  pc,  fiwdnuluM  tvrftbrospiimli!*  ktemUn  ;  pH,  fnwH-iiJu^  cf*r«brof^iiialJi 
''^OT ;  ft  fa#ctealils  eereb«Iio9t»HLDkliES ;  ffr,  faMCiculuH  anterotal«!ini.hN  auperfiei«lis. 

In  the  lateral  funiculus, 

h  The  fasciculus  cerebrospinalis  lateralis,  known  also  as  the 

1  or  crossed  p>Tamidal  tract. 

The  fasciculus  eerebellospinalis,  known  also  as  Flechsig's 

3.  The  fasciculus  anterolateral  is  superficial  is,  known  also  as 
f>«?er's  tract. 
j-  The  lateral  ground  bundle  (fasciculus  lateralis  proprius), 
ftp  chiefly  of  short  association  fibers, 
he  anterior  funiculus, 

The  fasciculus  cerebrospinalis  anterior,  known  also  as  the 
<it  or  anterior  pyramidal  tract, 
2.  The  anterior  ground  bundle  (fasciculus  anterior  proprius). 
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Of  these  tracts,  the  fasciculus  gracilis,  fasciculus  cunc 
fasciculus  cerebellospioalis,  and  fasciculus  anterolateralis  sup 
ficialifl  represent  ascending  or  sensory  paths,  while  the  lati 
and  anterior  cerebrospinal  or  pyramidal  fasciculi  form  a  rela 
descending  or  motor  path.     It  will  be  convenient  to  descn 
first   the   connections   and   physiological   significaoce   of  thai 
tracts  and  then  refer  briefly  to  the  other  less  definitely  estat 
lished  ascenditig  and  descending  paths. 

The  Termination  in  the  Cord  of  the  Fibers  of  the 

Root. — All     sensory 
from  the  limbs  an 
enter  the  cord  thru  ugh  tl 
posterior  roots,     Inasirn 
as  these  roots  are  su 
cially  connected   %vith 
posterior       funiculi,      tW 
older    observei's    natural! 
supposed  that  this  porti 
of  the  white  matter  of 
c  Old  f or  m  s  t  h  e  p  at  h  w  ay  i 
sensory  impulses  passing 
the  brain.     That  this  si^ 
position  is  not  entirely  c< 
rcct  was  proved  l\v  exp€l 
mental    physiology.     Se 
tion    of  the   posterior  1 
niculi   causes   little  or 
obvious  loss  of  sensatic 
in    the    parts    below    1 
lesion.    Histological  inv 
tigation    has   since  she 
that  only  a  portion  of  1 
filier.s  entering  through  I 
posterior  root  contintie  «P 
the  cord   in   the   posterio 
funiculi;  some  and  indi 
a  large  proportion  of  I 
whole   number   enter  ii 
the  gray   matter  and  < 
around  tract  cells,  whence  the  path  is  continued  upw^ard  by  t 
axons  of  these  latter  cells,  mainly  in  the  lateral  or  anterolateJ 
funiculi.      The  several  ways  in  which  the  posterior  root  fibi 
may  end  in  the  cord  are  indicated  in  Fig,  7fi. 

The  posterior  roots  contain  fibers  of  dififerent  diameters, 
those  of  smallest  size  (1)  are  found  collected  into  an  area  knofl 
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Fig.  76.— Schema  to  i*how  Ihe  terminBtioas 
of  the  enlerinff  fibers  of  Ihe  posterior  root  :  I, 
Fibers  entfrinij  Kom*  of  Li?^*iiiijfr  uini  temtin&ting 
Id  poatericr  ctjluimn;  2.  i:il>er  termiiruitinic  urnund  ft 
tract  c«il  wh»>*e  axon  pAtm<-i  into  white  nmttcr  of 
same  aidf!;  3^  (iber  terminntiniE  amund  a  tract  cell 
whoa*  axon  ptisi»i»  to  oppt»«it«*  f^ide  <Cfiiiimi!*jiuraJ 
f^U);  A,  fitxpr  t«rminotiiiK  around  motor  eell  of 
ant«^nDr  column  (n?fl<?x  arc)'  5,  fiber  tfrminatins 
iti  trar-t  cell  of  donyil  uucleu!';  6,  fiber  (exog- 
fmoij*^  poasinK  upward  in  poftttrtor  funicutiu  to 
t^miiT!iate  in   tlie  uiedulLa  oblongata. 
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a8  the  zone  of  Lissauer,  lying  between  the  periphery  of  the  cord 
and  the  tip  of  the  posterior  column.  These  fibers  enter  the  gray 
matter  chiefly  in  the  posterior  column  of  the  same  side  and  end 
iround  tract  cells.  The  larger  fibers  of  the  root  lying  to  the 
median  side  fall  into  two  groups:  Those  lying  laterally  (2,  3,  4) 
enter  the  gray  matter  of  the  posterior  column  and  end  in  tract 
cells  (2)  whose  axons  are  distributed  to  the  same  side  of  the 
cord,  or  in  tract  cells  whose  axons  (3)  pass  to  the  other  side 
through  the  anterior  white  commissure,  or  (4)  in  the  motor  cells  of 
the  anterior  column,  thus  making  a  typical  reflex  arc.  Some 
of  the  fibers  of  this  group  may  also  pass  through  the  posterior 
commissure,  to  end  in  the  gray  matter  of  the  opposite  side. 
The  larger  fibers  lying  nearest  to  the  median  line  enter  the  fas- 
ciculus cuneatus  and  run  forward  in  the  cord,  some  of  them  (6) 
continuing  upward  to  the  medulla,  and  some  of  them  (5),  after 
a  shorter  course,  turning  into  the  gray  matter  to  end  in  the  cells 
of  the  dorsal  nucleus.  The  axons  of  the  cells  in  the  dorsal 
nndeus  in  turn  pass  out  of  the  gray  matter  to  constitute  the 
•Bccnding  path  in  the  lateral  funiculus,  known  as  the  cerebello- 
^mi  fasciculus. 

This  general  outline  of  the  mode  of  ending  in  the  cord  of  the 
fibers  of  the  posterior  root  is  complicated  further  by  the  fact  that 
these  fibers  are  supposed  to  give  off  collaterals  after  entering  the 
cord.  The  course  of  the  typical  fiber  in  the  posterior  root  is 
lepresented  in  Fig.  67.  According  to  this  diagram,  the  root 
fiber,  after  entering  the  cord,  makes  a  Y  or  T  division,  one  branch 
pwring  downward  or  posteriorly  for  a  short  distance,  the  other, 
longer  division,  passing  upward  or  anteriorly.  Each  of  these 
nuun  stems  may  give  off  one  or  more  lateral  branches,  sensory 
*<^terals.  A  main  stem,  therefore,  which  runs  upward  in  the 
fasciculus  cuneatus  (6)  to  terminate  in  the  medulla  oblongata 
Dtty  give  oflf  collaterals  at  various  levels  which  terminate  in  the 
Jfay  matter  of  the  cord,  either  around  tract  cells  or  around  the 
Miterior  root  cells,  forming  in  the  latter  case  a  simple  reflex  arc. 
The  existence  of  collaterals  upon  the  root  fibers  within  the  cord 
basbeen  demonstrated  in  the  human  embryo,  but  we  have  little 
ttact  mformation  concerning  their  numerical  value  in  the  adult. 
The  schema  given  in  Fig.  76  must,  therefore,  be  accepted  as  an 
entirely  diagrammatic  representation  of  the  chief  possibilities 
of  the  mode  of  ending  of  the  fibers  of  the  posterior  root  by  way 
of  their  collaterals  as  well  as  by  way  of  the  main  stems. 

Ascen^ng  (Afferent  or  Sensory)  Paths  in  the  Posterior 
^niculi. — The  posterior  funiculi  are  composed  partly  of  fibers 
dwived  directly  from  the  posterior  roots  (6  in  schema)  and  arising, 
therefore,  from  the  cells  in  the  posterior  root  ganglia,  and  partly 
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from  fibers  that  arise 


S^^'Cervieal 


y^Dorsed 


6^Lufnla. 


Fi«.  77,— DijijcmniH  to 
nbow  courae  of  ypward  do- 
(^eoenition  of  ^\xrs  of  jxwte- 
nor  funiculi  afli^r  M-ction  of 
»  number  of  po«'terinr  rooUi 
of  the  nf>r\'f^  formiDC  t)i« 
lutnbciRacral  plrxus.— (Molt.) 
It  will  bp  not^d  thfti  b  ti»^ 
cervical  reKions  th«  decener^ 
Ati»d  »Ti>ft  is  c«nnfioed  to  tbe 
fjuriciilua  emcilLa. 


from  tract  cells  in  the  gray  matter  of 
cord  itself-     It  is  convenient  to  spet 
of  the  former  group  as  exogenous  fibefl 
using  this  term  to  designate  nerve  libel 
which   arise  from  cells    placed   outsit 
the  cord ;  and  the  latter  group  a^  endJ 
genous  fibers — that  is,  fibers  that  hai 
their  cells  of  origin  in  the  gray  matter 
the  cord.     If  we  omit  a  considerati 
of   their  collaterals   the   course  of  il 
exogenous   fibers   is  easily   understood 
They  come  into  the  cord  at  every  pa 
terior   root,    enter   into    the    fasciculi 
cuneatus,  and  pass  upward.     The  fiba 
of   this    kind   that   enter   at   the  loM 
regions,  sacral  antl  lumbar,  are,  howevi 
gradually    poshed    tow^ard    the    inerli 
line  by  the  exogenous  fibers  entering 
higher  levels,  so  that  in  the  upper  tN 
raeir  or  cervical  regions  the  fascicuh 
gracilis  is  coo:iposed  mainly  of  exogenot! 
fibers  that  have  entered  the  cord  in  tl 
lumbar  or  sacral  region.    These  fibe 
continue  upward  to  end  in  two  grou 
of  cells  tiiat  lie  on  the  d^irsal  side  of  tl 
medulla    oblongata,    and    are    knoWl 
respectively,    as    the    nucleus    of    ti 
fasciculus  gracilis   (or  nucleus  of  GoU) 
and  the  nucleus  of  the  fasciculus  cunei 
tus    (or    nucleus    of    Burdach)*     Tb 
path  forwanl  from  the  medulla  is  cfl 
tinueti  by  new  neurons  arising  in  tli« 
nuclei,  and  will  be  describeil  later.    Tl 
course  of  these  fibers  in  the  cord  may  b 
shown    beautifully    by    the    method  w 
secondary  degeneration.     If  one  or  mol 
of  the   posterior   roots   of   the  lunibll 
spinal  nerves  are  cut  or,  better  still,  u 
the  posterior  funiculi  are  severed  in  tbi^ 
region,  the  degeneration  will  affect  ibj 
exogenous      fibers      throughout     tl 
course  to  the  medulla,  and  it  wull  be 
that  in  the  cervical  region  the  dcj 
prated  fibers  are  grouped  in  the  area  ^^ 
the  fasciculus  gracilis  (see  Fig.  77).     Tl 
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eadogenous  fibers,  so  far  as  they  are  ascending,  represent  afferent 
paths  in  which  two  or  more  neurons  are  concerned.  The  pos- 
terior root  fibers  concerned  in  these  paths  end  in  the  gray 
matter  of  the  cord,  and  thence  the  conduction  is  continued  by 
one  or  more  tract  cells.  The  conduction  by  this  set  of  fibers 
may  be  on  the  same  side  of  the  cord  as  that  on  which  the  root 
fibers  entered,  or  it  may  be  crossed,  or,  using  a  convenient 
terminology,  it  may  be  homolateral  or  contralateral.  The 
physiological  value  of  the  ascending  fibers  in  the  posterior 
funiculi  has  been  investigated  by  a  large  number  of  observers, 
The  physiologists  have  employed  the  direct  method  of  cutting 
the  funiculi  in  the  thoracic  or  lumbar  region  and  observing  the 
effect  upon  the  sensations  of  the  parts  below  the  lesion.  The 
positive  results  of  these  experiments  have  been  difficult  to 
fccover.  Most  of  the  older  observers  found  that  there  was 
DO  detectable  change  in  the  sensations  of  the  parts  below,  but 
%  paid  attention  only  to  cutaneous  sensations,  and,  indeed, 
ihiefly  to  the  sense  of  pain.  Later  observers*  have  differed 
ibo  in  their  description  of  the  effects  of  this  operation;  but 
most  of  them  state  that  the  animal  shows  an  awkwardness  or 
^k  of  skill  in  the  movements  of  the  hind  limbs,  especially  in 
the  finer  movements,  and  this  effect  is  interpreted  to  mean  that 
toe  is  some  loss  of  muscle  sense.  This  conclusion  is  strength- 
ened by  the  results  of  pathological  anatomy.  In  the  disease 
bown  as  tabes  dorsalis  the  posterior  funiculi  of  the  cord  in  the 
lumbar  region  are  affected  and  the  striking  symptom  of  this 
sondition  is  an  interference  with  the  power  of  co-ordinating 
properly  the  movements  of  the  lower  limbs,  particularly  in  the 
M5tof  maintaining  body  equilibrium  in  standing  and  walking, — 
» condition  known  as  locomotor  ataxia.  So  far  as  the  cutaneous 
sensations  are  concerned, — that  is,  the  sensations  of  touch 
(pressure),  pain,  and  temperature, — all  observers  agree  that  the 
two  latter  are  not  affected  by  section  of  the  funiculi,  while  regarding 
taieh,  opinions  have  differed  radically.  Schiff  contended  that 
^ch  sensations  are  detectable  as  long  as  these  funiculi  are  intact, 
*ndare  seriously  interfered  with  when  they  are  sectioned;  but  most 
rf  the  results,  pathological  and  experimental,  indicate  that  when 
4e  continuity  of  these  fibers  is  destroyed,  the  sense  of  touch  is 
still  present  in  the  parts  supplied  by  the  cord  below  the  lesion, 
^explanation  of  the  confusion  in  the  reported  results  may  be 
found  perhaps  in  the  fact  reported  below  (see  p.  174)  that  fibers 
^veying  the  impulses  necessary  to  tactile  discrimination  pass 
npward  in  these  funiculi,  while  other  touch  (pressure)  impulses 
^^'o®  in  the  cord  and  pass  upward  in  the  anterior  funiculi.     To 

«,  'Borchert,  '*Archiv  f.  Physiologie,"  1902,  389.    See  also  Sherrington, 
Journal  of  Physiology,"  14,  255,  1893. 
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summarize,  therefore,  we  raay  say  that  the  evidence  at  ban 
proves  that  the  ascending  fibers  of  the  posterior  funiculi  do  no 
convey  impulses  of  pain  or  temperature,  that  if  they  convej 
any  touch  (pressure)  impulses,  they  certainly  do  not  form  the 
only  path  of  conduction  for  this  sense,  and  that  most  probaM 
their  chief  function  is  the  conduction  of  impulses  of  muscle  sens? 
— that  is,  they  consist  of  those  deep  sensorj^  fibers  from  the  volun- 
tary muscles,  the  tendon^s,  and  the  joints,  which  give  us  an  idea  of 
the  position  of  the  limbs  and  the  state  of  contraction  of  the  miii- 
eles.  The  muscle  sensations  thus  aroused  in  the  higher  parts  of  the 
brain  are  necessary  to  the  proper  co-ordination  of  the  movements  of 
the  muscles.  Injury  to  these  funiculi,  therefore,  while  it  does  not 
cause  paralysis,  is  followed  by  disorderly — that  is,  ataxic — ^movi" 
ments.  On  the  histological  side  it  has  been  shown,  as  stat-ed  ab 
that  the  fibers,  particularly  the  exogenous  fibers,  end  in  nuclei  of  the 
medulla,  and  thence  are  continued  fonvard  by  the  gre^t  sensoiy 
tract  kno\vTi  as  the  ''  lemniscus,**  to  end  eventually  in  that  part  of 
the  cortex  of  the  cerebrum  designated  as  the  area  of  the  body  senBdj 
Ascending  (Afferent  or  Sensory)  Paths  in  the  Lateral  Fuw 
uli. — The  two  best  known  ascen*liug  tracts  in  these  funiculi 
are  those  of  the  cerebellospinal  and  the  superficial  anterolateral 
fasciculi.  The  former  takes  it>s  origin  in  the  lower  thoracic 
region,  and  is  composed  of  ax<ms  connected  with  the  tract  celli 
of  tlie  dorsal  nucleus.  The  impulses  which  its  fibers  convey  afi 
brought  into  the  cord  through  those  fibers  of  the  posterior  root 
that  end  around  the  cells  of  the  dorsal  nucleus.  A  number  of 
the  fibers  in  tliis  funiculus  end  doubtless  in  the  gray  matter  of 

the  upper  regions  of  the  cord, 
but  most  of  them  continue 
upward  on  the  same  side, 
enter  the  inferior  peduncle  ol 
the  cerebellum  (restiforni 
body),  and  terminate  in  tN 
posterior  and  median  portioni 
of  the  vermiform  lol>e,  maitJj 
on  the  same  side,  but  parti) 
also  on  the  opposite  aide 
The  su|>erficial  anterolaten 
fasciculus,  situated  ventrall] 
to  the  cerebellospinal  to 
eiculus  (gr,  Fig*  75),  may  ex 
tend  forward  into  the  anterio 
funiculi  along  the  peripher; 
of  the  cord.  The  two  bun 
dies  may  be  more  or  less  intermingle<l  at  the  points  of  contad 
This  tract  begins  in  the  lumbar  region,  its  fibers  arising  on  th 


'J^Jf^ 


Fir.  78, — To  show  the  cour»«  of  the  tibeit 
of  the  ren'WIIar  tract*  of  the  coril  (\fi>tt)t 
tna.c.  Vfntml  tract  (i^upcrficial  imtcroliitPntl); 
d.a,e.,  dorsal  trnct  (ceriebcl)o»pinAl):  9,v^ 
superior  vermis;  P.C.Q.^  infenor  coIUpuIua. 
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3  side  from  tract  cells  situated  in  the  intermediate  portions 
legray  matter,  or,  according  to  Bruce,*  in  the  lower  cells  of  the 
nn  of  Clarke.  This  author  states  also  that  fibers  belonging 
is  tract  in  the  lower  thoracic  region  may  pass  over  into  the 
d  Flechsig  at  higher  levels.  Many  of  the  fibers  in  this  tract 
)ly  terminate  in  the  cord  itself,  since  the  bundle  does  not  in- 
}  regularly  in  size  as  it  passes  up  the  cord.  Most  of  the  bundle 
lues  forward,  however,  along  the  ventral  side  of  the  pons, 
ally  shifts  more  to  the  dorsal  side,  and  at  the  level  of  the 
or  peduncles  of  the  cerebellum  turns  backward,  for  the  most 
it  least,  and  passes  to  the  cerebellum  by  way  of  the  superior 
cle  (brachium  conjunctivum)  and  the  anterior  medullary 
,  to  end  in  the  vermiform  lobe  chiefly  on  the  same  side,  but  to 
extent  on  the  opposite  sidef  (Fig.  78).  The  area  of  dis- 
ion  of  these  fibers  lies  anterior  or  headward  of  those  arising 

dorsal  cerebellospinal  tract  (Flechsig).  Where  this  tract 
•tes  from  the  cerebellospinal  fasciculus  it  is  stated  t  that  it 
)flF  a  number  of  fibers  which  enter  the  restiform  body  with 
a^bellospinal  fasciculus  to  end  in  the  cerebellum.  This 
ther  facts  indicate  that  the  two  tracts  constitute  a  com- 
system.  Regarding  the  physiology  of  these  two  tracts 
IB  little  experimental  and  not  much  clinical  evidence, 
observers  have  cut  the  cerebellospinal  fasciculus  in  ani- 
but  with  no  very  obvious  effect  except  again   a  slight 

of  ataxia  in  the  movements  below  the  lesion  and  some 
f  muscular  tone.§  This  result,  together  with  the  fact 
he  bundle  ends  in  the  cerebellum,  gives  reason  for  be- 
;  that  the  fibers  convey  afferent  impulses  from  the  muscles, 
shall  see,  much  evidence  of  various  kinds  connects  the  cere- 
i  with  the  co-ordination  of  the  muscles  of  the  body  in  the 
ex  movements  of  standing  and  locomotion.  This  power 
ordination  in  turn  depends  upon  the  afferent  impulses 
the  muscles  and  the  joints  and  other  so-called  deep  sen- 
«rt8,  and  since  the  fibers  of  the  cerebellospinal  fasciculus 
1  the  cerebellum,  and  since  experimental  lesion  of  them 
no  loss  of  cutaneous  sensibility,  but  some  degree  of  ataxia, 
Das  justifiable  to  conclude  that  these  fibers  are  physiolog- 
muscle-sense  fibers.  The  similar  fibers  in  the  posterior 
ili  end  eventually  in  the  cortex  of  the  cerebrum,  and  may 
ppoeed,  therefore,  to  mediate  our  conscious  muscular  sensa- 

Jmce,  "Quarterly  Journal  of  Exp.  Physiology,"  3,  391, 1910. 
^or  the  literature  upon  these  tracts  see  Van  Gehuchten,  "  Le  N^vraxe," 
.1901;  Horsley  and  Macnalty,  "Brain,"  1909,  237,  and  Bruce,  loc.  cit. 
3djifer  and  Bruce,  "Journal  of  Physiology,"  1907  ("Proc.  Physiol. 

I. 

Kng,  "Archiv  fOr  Physiologie,"  1906,  250;  also  Horeley  and  Macnalty, 

tt. 
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tionsy  but  these  fibers  in  the  cerebellospinal  tract  end  in  the 
belliim,  an  organ  which,  so  far  as  we  know,  fi^ves  rise  to  no 
seioys  sensations.     To  speak  of  them,  therefore,  as  musel* 
fibers  may  be  somewhat  misleachng,  and  it  may  be  better  to  fol 
the  plan  of  designating  them  as  the  non-sensory  afferent  fil 
arising  from  tissues  beneatli  the  skin,  such  a,s  the  muscles, 
tendons,    and    the    hgaments   round    the   joints?;.     The   supeA 
eial  anterolateral  fasciculus  has  l)een  the  sui>jeet  of  some  I 
perimental  study  from   the  physiological  side,   but  the  resu 
have  been  negative-       Clinically,   the  tract  may  be  involt 
in  pathological  or  traumatic  lesions  of  the  lateral  funiculi.     G0 
ers*  gives  a  history  of  some  such  cases,  which  leati  him  to  I 
lieve  that  this  tract  constitutes  a  pathway  for  pain  impula 
and  this  view  or  the  view  that  it  conducts  the  impulses  of  both  pi 
and  temperature  has  been  more  or  less  generally  accepted.     EdI 
confidence,  however^  cannot  be  placed  in  this  conclusion,  since  tS 
lesions  in  question  were  not  strictly  confined  to  the  fa&ciculul 
in  question,  although   clinical  evidence  indicates  that  the  fil 
conveying  impulses  of  pain  or  of  pain  and  temj>erature  lie  ia 
neighborhood  of  this  tract.     The  only  positive  indication  that 
have  concerning  the  physiological  value  of  this  specific  tract 
fibers  is  given  by  their  histologj'  in  the  fact  that  they  end,  forUn 
most  part,  in  the  cerebellum.    The  cerebellum,  we  know,  may 
removed  in  dogs  and  monkeys  ^^^thout  loss  of  the  sensation  of  pa 
temperature,  or  touch,  and  this  fact  speaks  strongly  against 
view  that  either  the  cerebellospinai  or  the  superficial  anterolati 
fasciculus  is  concerned  in  the  conduction  of  these  cutaneous  s 
sations.     From  a  physiological  standpoint  we  should  be  inclii 
to  believe  that  both  of  these  tracts  conduct  afferent  impulses  fit 
the  tissues  lying  under  the  skin,  particularly  from   the  muscl 
tendons,  and  joints.     It  would  seem,  therefore,  that  all  the  I014 
ascending  tracts  in  the  po^^terior  and  lateral  funiculi  of  the  cod 
may  be  made  up  of  fillers  of  muscle  sense,  using  this  term  in  a  WB 
sense  to  include  the  deep  sensibility  of  the  joints,  tendons,  aw 
muscles.     The  immense  importance  of  muscular  control  in  tlM 
maintenance  of  life  and  in  defense  against  enemies  may  expl 
uiwn   the  doctrine  of  the  struggle  for  existence,   why  the  li 
paths  shoiUd  have  been  developed  first  in  connection  with 
sense. 

The  Spinal  Paths  for  the  Cutaneous  Senses  (Touch, 
and  Temperature). — From  the  facts  stated  tn  the  last  two 
graphs  it  would  seem  probable  that  the  spinal  paths  for  toi 
pain,  and   temi>erature   must    be    along   the    short    associal 
tracts  of  the  prosier  fasciculi  of  the  lateral  and  anterior  funifi 
There  is  evidence  from  the  clinical  side  that  the  paths  of 
♦GowCTS,  **  Lancet,"  1886. 
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uetion  for  these  senses  are  separate.  In  the  pathological 
edition  known  as  syringomyelia,  cavities  are  formed  in  the 
>rd  affecting  chiefly  the  central  gray  matter  and  the  contiguous 
►rtions  of  the  white.  In  these  cases  a  frequent  symptom  is 
lat  is  known  as  the  dissociation  of  sensations;  the  patient 
les,  in  certain  regions,  the  sensations  of  pain  and  temperature 
lalgesia  and  thermo-anesthesia),  but  preserves  that  of  pressure 
•uch).  Facts  of  this  kind  indicate  that  the  paths  of  conduc- 
II  for  touch  are  separate  from  those  for  pain  and  temperature, 
i  little  that  is  positive  is  known  regarding  the  exact  location  of 
se  paths.  The  fibers  of  pain  and  temperature  probably  end 
;he  gray  matter  of  the  cord  (posterior  column)  soon  after  their 
rance,  and  the  path  is  continued  upward  by  tract  cells  whose 
OS  enter  the  proper  fasciculi  in  the  anterolateral  funiculi,* 
the  number  of  such  neurons  concerned  in  the  conduction  as  far 
the  medulla  is  not  known.  Regarding  the  path  for  the  touch 
Nilses  a  singular  amount  of  uncertainty  has  prevailed.  This 
96  is  not  lost  or,  at  least,  is  rarely  lost  in  cases  of  syringomyelia 
irhich  the  other  cutaneous  senses  are  affected.  On  the  other 
wi,  the  posterior  funiculi,  as  we  have  seen,  may  be  completely 
tjoned  in  lower  animals  without  destroying  the  sense  of  touch 
i  m  the  case  of  man  extensive  pathological  lesions  of  the  same 
iculi  are  reported  in  which  the  sense  of  touch  was  not  lost. 
Dte  authors,  therefore,  have  been  led  to  beUeve  that  the  touch 
wilses  may  be  conveyed  up  the  cord  by  several  paths:  by  the 
I  association  fibers  of  the  posterior  funiculi,  and  by  the  short 
xnation  fibers  of  the  lateral  funiculi.  Such  a  view  receives 
le  support  from  the  experimental  work  on  the  lower  mammals, 
these  animals  the  evidence  tends  to  show  that  the  conduction 
y  way  of  the  lateral  or  anterolateral  funiculi,  by  means  of  tract 
8  and  short  association  tracts.  The  fact  that  in  man  the 
ical  evidence  seems  to  point  to  the  posterior  funiculi  as  a  pos- 
ie  or,  indeed,  probable  path  for  these  fibers  may  serve  to  ex- 
plify  the  fact  that  in  these  matters  the  various  mammalia 
»  more  or  less  according  to  the  degree  of  their  development. 
»ems  possible  that,  so  far  as  man  is  concerned,  an  explanation 
the  difference  of  opinion  regarding  the  spinal  paths  of  the  sense 
touch  is  found  in  the  distinction  made  by  Head  and  Thompson  f 
Jween  tactile  discrimination  and  cutaneous  sensibility  to  touch, 
the  former  is  meant  the  ability  to  discriminate  between  two 
muli  Implied  simultaneously  to  the  skin  at  a  certain  distance 
ttt,  by  the  latter,  the  ability  to  perceive  and  locate  accurately 
%ht  pressure  stimulus  applied  to  the  skin.     These  two  forms  of 

•For  discussion,  see  Bertholet,  "Le  N^vraxe,"  1906,  vii.,  283,  for  the 
ftt animals  and  Head  and  Thompson,  "Brain,"  1906,  p.  537,  and  Thomp- 
i  "Lancet,  "1909,  for  man. 

t Head  and  Thompson,  "Brain,"  1906. 
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cutaneous  touch  sensations  are  mediated  according  to  these  aui 
by  separate  systems  of  fibers.  As  the  result  of  a  spinal  lesioQ 
power  of  discrimination  may  be  lost  over  a  given  area 
which  otherwise  i:?  completely  sensitive  to  all  cutaneous 
They  find  that  the  fibers  of  tactile  discrimination  travel  up 
cord  uncrossed  in  the  posterior  funiculi,  together  with  the 
of  muscle  sense— that  is,  the  fibers  which  give  us  a  sense  of 
tion  and  movement  of  the  hmbs.  The  fibers  of  cutaneous 
sen>sations  in  j^eneral,  on  the  contrary,  cross  to  the  other  side 
fore  reacliing  the  medulla,  and  pass  upward  in  the  anteroUl 
ground-bundles. 

Homolateral  and  Contralateral  Conduction  of  the  Cutaneoi 
Impulses. — Cireat  interest,  from  the  medical  side,  has  been  slioii 
in  the  question  of  the  crossed  or  uncrossed  conduction  of  tl 
cutaneous  impulses  in  the   cord.     The  matter  is  naturally  oi 
of  importance  in  diagnosis.     In  human  beings  it  was  pointi 
out  by  Brown-Sequard*  that  unilateral  lesions  of  the  cord  i 
followed  by  muscular  paralysis  below  on  the  same  side,  and  lo 
of  cutaneous  sensibility  on  the  op|K>site  side.     This  syndron 
has  been  held  clinically  to  establish  the  diagnosis  of  a  unilati 
lesion,  and  has  led  to  the  view  that,  while  the  condoctiott 
the  motor  impulses  is  homolateral,  that  of  the  cutaneoy^  i 
Bory    impulses   is   contralateral.     Experimental   Tvork    on   lof 
animals,  on  the  contrary,  has  not  supported  this  view,     WTl 
results  in  this  direction  have  varied,  as  would  be  expected  Ifi 
the  intrinsic  difficulties  connected   with  the   interpretatioa 
the  sensations  of  an  anirnal,  the  general  outcome  has  l>een 
show  that  the  sensory  conduction  is  bilateral,  but  mainly 
the  same  side.     That  is,  if  the  cord  is  cut  on  one  side  o^ 
(hemisectetl)  in  the   thoracic  region,  the  cutaneous  sensibi 
of  the  parts  below  the  lesion  is  impaired  upon  the  same  « 
but  not  completely  abolished,  showing  that  some  crossing 
taken  place,  f     It  is  probable  that  this  crossing  is  more  cc 
plete  in  niari  than  in  the  lower  animals,  although  later  stall 
in  man  of  unilateral  lesions  of  the  cord  (Brown*8t^quard  pan 
sis)  indicate  that  the  contralateral  loss  of  cutaneous  sensibi 
affects  completely  the  senses  of  pain  and  temperature,  an( 
part  the  sense  of  touch,  while  nmscular  sensibihty  is  affected  Q 
on  the  same  side.     Head  and  Thompson,  in  the  paper  pre  viol 
referred  to,  conclude,  upon  the  basis  of  extensive  clinic^  stuc 
that  in  man  all  the  fil>ers  of  cutaneous  sense  cross  in  the 
except  those  metliating  tactile  discrimination.     As  stated  ab< 
these  latter  pass  upward  in  the  posterior  funicuH  together 

•  Brown-8^quard,  **JourBa!  de  Ph%Tiiologi«/*  6,  124,  232.  581,  1863. 
t  Moit^  "Brsain/'  1895,  l,  and  Bertholet,  "I^  N^vraxe,*'  1906,  vii^  ^ 
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some  of  the  fibers  of  muscle  sense,  and  do  tiot  cross  until  after 
they  reach  the  medulla.  These  authors  in  studying  the  sensory 
psihs  in  the  spinal  cord  make  a  distinction,  in  the  first  place,  be- 
tween cutaneous  sensibility  and  deep  sensibility.  By  the  latter 
term  they  designate  the  senses  of  pressure,  of  pain,  and  of  position 
lesident  in  the  muscles,  tendons,  and  other  parts  beneath  the  skin. 


iJ4#nED  of  the  afferent  nerve-fibers  and  their  course  in  the  spinal  cord:  a,  Speoifio 
dful  iidpalst*^;  6,  qiecifio  receptor  for  heat  impulses;  c,  specific  receptor  for  cold 


I^O^tar  for  paii-^fn         ^  ^  _^_^ ^ 

**4*"i  =*.  specific  receptor  for  "tactile  impulses;  e,  specific  receptor  tor  impulses  of  passive 
twEiDD  Kod  tactile  diaefimiiiation;  /,  specific  receptor  for  non-sensory  afferent  impulses;  1, 
JJ^wy  fibpts  of  the  aeconri  rjifder  for  pain,  heat,  ana  cold;  2,  sensory  fibers  of  the  second  oitler 
^  inuhi  3.  MsAory  &b«r»  vf  the  second  order  for  passive  position  and  tactile  discrimination: 
"hj^^bin  £uIlCFC^a<^d;  in  the  posterior  column  of  the  cord;  5,  spinocerebellar  tracts  (lateral 
*«m«ib)  fof  nao-seo^ry  afferent  impulses  (from  Thompson,  slightly  modified). 


Cutaneous  sensibility  they  divide  further  into  epicritic  sensibility 
(touch,  cold,  heat)  and  protopathic  sensibility  (cold,  heat,  pain), 
^  p.  273.  The  fibers  of  these  three  general  varieties  are  re- 
?^uped  in  the  cord  in  such  a  way  that  the  epicritic  and  proto- 
pathic temperature  fibers  are  brought  together  into  a  common  tract, 
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which  is  coBtralateral;  the  deep  and  cutaneous  pain  fi 
likewise  united  into  a  common  tract,  which  is  contralat< 
cutaneous  pressure  fibers,  except  those  mediating  tactile 
ination,  unite  with  the  deep  pressure  fibers  to  fonn  a  comn 
which  crosses  the  mid-Une  less  promptly.  This  cono< 
indicated  in  the  accompanying  sctiema  (Fig.  79).  A 
to   their    interpretation,  a    complete    unilateral    lesioii 

cord  in  the  cervical  regie 
be  followed  by  a  hot 
loss  of  motion  in  the  pari 
and  also  of  tactile  discrii 
and  muscle  sense,  using  t 
term  to  cover  the  deep  sem 
regard  to  ix)sition  and  mc 
of  the  limbs.  On  the  cont 
side  there  would  be  a  loss 
temperature,  and  pressure 
The  Descending  (EflF 
Motor)  Paths  in  the  Antei 
Colunm. — The  main  de 
path  in  the  cord  is  the  p; 
or  cerebrospinal  system  ( 
In  man,  as  sho\^ii  in  Fig. 
are  two  fasciculi  belonginj 
system — the  anterior  and 
eral  pyramidal  tracts.  Be 
arise  from  the  anterior  pyn 
the  ventral  face  of  the 
whence  the  name  of  the  p; 
system.  At  the  junctioi 
medulla  and  cord  the  fibe 
pyramids  decussate  in  pa 
ing  a  conspicuous  featur 
internal  structure  at  thi 
knowTi  as  the  pyramidal 
tion.  According  to  the 
schema  of  this  decussation 
80),  the  larger  number  of  1 
in  the  pyramid  of  one  £ 
over  to  form  the  lateral  p; 
fasciculus  of  the  other  side  of  the  cord  (4,  5),  while  a  srni 
(3)  continues  do^in  on  the  same  side  to  form  the  anted 
midal  fasciculus.  Eventually,  however,  these  latter  fil 
cross  the  mid-fine  in  the  anterior  white  commissure,  not, ! 
all  at  once,  as  at  the  pyramidal  decussation,  but  some  at 


Fig.  80.— Sclifma  rpi>f^*entifj|; 
the  i:<oun»e  of  tlie  fiUx-n*  of  the  pym- 
midal  or  tx»rebn»spiiial  .ij^stRin:  I. 
Filiem  to  the»  uuelei  of  tlie  cmntal 
nerv'p;  2,  unrrrwsed  fib<»rB  to  the 
late  ml  pyrainidal  fii*cieulu^;  3,  fibem 
to  the  jinteKor  pyraniidal  faHciruttus 
crcMbfirig  in  the  cord;  4  und  5.  fibem 
that  crews  in  the  pymfnidal  deeunsa- 
tion  to  m»k*  th<*  lateral  DvmmJdal 
fwcicultia  oC  the  opposite  <iiJe. 
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ach  spinal  nerve.  These  pyramidal  fibers  have  their  origin 
he  cortex  of  the  cerebral  hemispheres  in  large  pyramidal 
i;  some  of  them  cross  the  mid-line  before  reaching  the  medulla 
!nd  aroimd  the  cells  of  origin  of  the  cranial  nerves,  but  the 
,ter  number  continue  into  the  cord  and,  after  crossing  the  mid- 
in  the  pyramidal  decussation  or  in  the  anterior  white  com- 
Rire,  terminate  around  the  motor  cells  of  the  anterior  columns 
jh  give  rise  to  the  motor  roots  of  the  spinal  nerves.  Both 
iculi,  the  lateral  and  the  anterior,  continue  throughout  the 
;th  of  the  cord,  diminishing  in  area  on  the  way  as  some  of  their 
rs  terminate  in  each  segment.  This  system  of  fibers  is  supposed 
epresent  the  mechanism  for  effecting  voluntary  movements, 
according  to  the  general  schema  the  voluntary  motor  path 
a  cerebrum  to  muscle  comprises  two  neurons, — the  pyra- 
al  or  cerebrospinal  neuron  and  the  spinal  or  the  cranial 
pon.  Moreover,  as  represented  in  the  schema,  the  iimerva- 
is  crossed,  the  right  side  of  the  brain  controlling  the  mus- 
ture  of  the  left  side  of  the  body  and  vice  versa.  As  we  shall 
however,  when  we  come  to  study  the  motor  areas  of  the 
Q,  this  rule  has  important  exceptions,  and  histologically 
e  is  proof  that  some  of  the  fibers  in  each  pyramid  (2  in 
80),  continue  into  and  terminate  in  the  cord  on  the  same 
.  The  pyramidal  system  varies,  in  an  interesting  way,  in 
extent  of  its  development  among  the  different  vertebrates, 
eaches  its  highest  development  in  man  and  the  anthropoid 
J.  In  the  other  mammalia  it  is  relatively  less  important 
the  anterior  fasciculus  in  the  anterior  funiculus  is  lacking 
gether.  In  the  birds  what  represents  the  same  system  is 
ad  in  the  anterior  funiculus  (Sandmeyer),  while  in  the  frog 
8]r8tem  does  not  exist  at  all. 

ThjB  relative  importance  of  the  system  in  the  different  mammalia 
ndicated  in  the  accompanying  table  taken  from  Lenhossek,* 
riiich  the  area  of  the  pyramidal  system  is  given  in  percentage 
ht  total  cross-area  of  the  cord: 

ICouse 1.14  per  cent. 

Guinea  pig 3.0  " 

Rabbit 5.3 

Cat 7.76        " 

Han 11.87        " 

*daitly,  therefore,  the  importance  of  the  pyramidal  system 
i«  in  different  animals,  and  it  is  necessary  to  bear  this  fact 
inind  in  applying  the  results  of  experiments  on  the  lower  animals 
num.  In  the  lowest  vertebrates  there  are  undoubtedly  motor 
^between  the  brain  and  cord  through  which  so-called  voluntary 

^LenhosBek,  "Bau  des  Nervensystems/'  second  edition,  1895. 
12 
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movements  are  effected,  but  these  are  probably  short  paths  i 
volving  a  numl^er  of  neurons.  The  higher  the  position  of  t 
animal  in  the  phylogenetic  scale*  the  more  complete  is  the  deveto 
ment  of  the  long  pyramidal  system:  but  even  in  the  higher  mm 
ma  Is  it  is  probtible  that  motor  paths,  other  than  the  pyraim( 
system,  connect  the  cortex  and  subcortical  centers  with  the  mol 
nuclei  in  the  cord.  In  the  dog»  for  example*  section  of  the  pyriun 
is  not  followed  l)y  complete  paralysis,  and^  indeed,  after  such  sectic 
stimulation  of  the  motor  aretus  of  the  cortex  still  causes  defin 
muscular  movements.*  One  su<*h  indirect  motor  path  is  refen 
to  below  in  connection  with  the  rubrospinal  tract  (Mon&kw 
bundle)*  I 

Less  Well-Kaown  Tracts  in  the  Cord.— In  addition  to  i 
tracts  just  dei^cnbed  there  are  a  numljer  of  others— mainly,  descei 
ing  tracts— concerning  which  our  anatomical  knowledge  is  li 
complete,  fmd  the  physiolagical  value  of  which  is  entirely  i 
known  or  at  best  is  a  matter  of  inference  from  the  anatomi( 
relations,  t 

iJescending  Tracts  in  ike  Posterior  Funiculus — Comma  Tra« 
Oval  Field. — ^In  the  posterior  funiculi  several  tracts  of  de.scendi 
fibers  have  been  tlescribed.  The  comma  tract  of  Schultza 
found  in  the  cervical  and  the  upper  thoracic  cord.  The  buni 
lies  at  the  border-line  between  the  fasciculus  gracilis  and  t 
fasciculus  cuneatus.  In  the  lower  regions  of  the  cord,  lumt 
and  sacraK  similar  small  areas  of  descending  fibers  are  foun4 
oval  field  (Flechsig),  median  triangle  (Gombault  and  Philippe) 
which  represent  possibly  different  systems.  It  is  probal 
that  these  fibers  belong  to  the  group  of  long  association  fib 
connecting  distant  pi^rtions  of  the  cord.  Nothing  is  knm 
regarding  their  physit>!og>%  I 

Deseetiding  Tracts  in  the  Anterolateral  Funicttlus,~The  p 
pyramidal  tract,  known  also  as  Monakt>w's  bundle,  the  fascicul 
intermediulateralis,  or  the  rubrospinal  tract,  is  a  conspicuc 
bundle  forming  a  wedge-shaped  or  triangular  area  in  the  lata 
columns  between  the  lateral  pyramiiial  fasciculus  and  i 
superficial  anterolateral  fasciculus  (Gower's),  or,  perhaps,  mi 
correctly  speaking,  forming  the  anterior  portion  of  the  late 
pyramidal  fasciculus;  the  two  systems  being  more  or  less  ini 
mingled-  The  fibers  composing  this  bundle  are  de^cendi 
fibers  that  take  their  origin  in  the  midbrain  in  the  cells  of  i 
red  nucleus.     Shortly  after  their  origin  they  cross  to  the  oppoe 

•Rothmann,  '^Zeiksrhrift  f.  klin.  Med.,"  vol.  xlviii.,  1903;  8ofai 
'*  Quart  erlv  Journal  of  Exn.  Fhytiiolopn//'  3,  355,  1910.  _J 

tColljcr  and  BuzaanJ,  ''Brain,"  1901,  177;  Fraser»  ** Journal  of  11? 
ology/'  28,  366,  1902.  For  Hummary  and  litprature  oonsylt  Van  GebuchJ 
"Asatoisie  du  aystdme  nenreux  de  l^homme/'  4th  ed.,  1906. 
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fide  and,  passing  through  the  pons  and  medulla,  enter  the  spmal 
eord  in  the  lateral  funiculi,  in  which  they  may  be  detected  as  far 
$8  the  sacral  region.  These  fibers  terminate  around  cells  lying  in 
the  posterior  part  of  the  anterior  colunm  of  gray  matter,  whose 
axons,  in  turn,  probably  emerge  through  the  anterior  roots.  This 
tract,  therefore,  constitutes  a  crossed  motor  path  from  midbrain 
to  the  anterior  roots,  and,  since  the  red  nucleus,  in  turn,  is  con- 
nected with  the  cerebrum,  either  directly  or  by  way  of  the  cere- 
bdlum,  it  represents  a  cerebrospinal  motor  path  in  addition 
to  that  offered  by  the  pyramidal  system. 

The  vestibulospinal  fibers  he  anterior  to  the  preceding  tract 
in  the  anterolateral  funiculus;  they  may  extend  into  the  anterior 
funiculus  as  far  as  the  anterior  pyramidal  fasciculus.  It  is  stated 
that  they  arise  in  cells  of  the  nucleus  of  Deiters  and  the  nucleus  of 
Beehterew,  and  similar  cells  lying  in  the  region  of  the  pons.  In 
the  cord  these  fibers  end  around  cells  in  the  anterior  column. 
Since  the  Deiters  nucleus  forms  a  termination  for  the  sensory 
fibers  of  the  vestibular  branch  of  the  eighth  cranial  nerve,  and  since 
these  fibers  are  believed  to  give  us  a  sense  of  the  position  of  the  body 
and  to  be  concerned  in  the  reflex  adjustment  of  the  muscles  in  the 
Doyements  used  to  maintain  equilibrium,  their  connection  in 
Doters'  nucleus  with  a  spinal  motor  path  becomes  very  significant 
aB  famishing  a  reflex  arc  through  which  sensory  impressions  from 
the  vestibular  apparatus  in  the  ear  may  automatically  control 
the  musculature  of  the  body.  A  number  of  other  descending 
paths  in  the  anterior  and  lateral  funiculi  have  been  described, 
80ch  as  Helweg's  bundle  or  the  olivospinal  tract,  lying  on  the 
margin  of  the  cord  at  the  junction  of  the  anterior  and  the  lateral 
hiniculi  and  supposed  to  arise  in  the  olivary  bodies;  the  anterior 
and  the  lateral  reticulospinal  tracts  arising  from  cells  in  the 
reticular  formation  of  medulla,  pons,  and  midbrain;  and  the 
continuation  into  the  cord  of  the  important  medial  longitudinal 
fasciculus  (post.  long,  bundle),  which  extends  from  the  midbrain 
through  to  the  cord  and  connects  the  motor  nuclei  of  the  cranial 
nerves  with  the  motor  centers  of  the  cord.  Concerning  these 
and  similar  tracts  our  physiological  knowledge  is  scanty,  and  it 
B  not  possible  at  present  to  employ  them  with  certainty  in 
ttplaining  the  activity  of  the  neuromuscular  apparatus. 


CHAPTER  IX. 

THE  GENERAL  PHYSIOLOGY  OF  THE  CEREBRUM 
AND  ITS  MOTOR  FUNCTIONS. 

From  the  tiiiie  of  Galen  in  the  second  centun-  of  the  Christian 
era  thp  I'erebnini  has  been  reeogiiizi^d  as  the  organ  of  intelligence 
anti  conscious  seiisi^tionf?.  Galen  estabhshed  this  view  not  only  by 
anatomical  dbsections,  confirming  the  older  work  of  the  Alexandrian 
school  (third  century  B.C)  in  regard  to  the  origin  from  the  brani 
of  the  cnmial  ner\T8^  but  also  by  numerous  vivisection  experiments 
upon  lower  animals.  All  modern  work  has  confirmed  this  belief 
and  has  tended  to  show  that  in  the  cerebral  hemispheres  and,  indeed, 
in  the  cortex  of  gray  matter  lies  the  seat  of  consciousD6S5. 
It  is  perhaps  still  an  open  question  as  to  the  existence  of  ft 
conscious  or  psychical  factor  in  tlie  activities  of  other  parts  of  the 
ner\^0U8  system,  but  there  Ls  no  doubt  that  the  highest  devefcp- 
ment  of  ps>Thical  activity  in  man  is  associated  with  the  cortical  mat- 
ter of  the  cerebrum.  In  the  young  infant  the  daw^i  of  it^  mental 
lowers  is  connected  \nth  and  dependent  on  the  development  of  the 
normal  cortical  stryctuR\  while  in  extreme  age  the  failure  m  the 
mental  facidtie^s  goe«  hand  in  hand  with  an  atrophy  of  the  elements 
of  the  cortex.  If  this  cortex  were  remo%*ed  all  the  intelligence,  sen- 
sation, and  thought  that  we  recognize  as  characterizing  the  highest 
psychical  life  of  man  would  be  deMroyed,  and  abnormalities  in  the 
structure  nf  this  cortical  material  are  accepted  as  the  immediate 
causal  factor  of  those  perversions  in  reasoning  and  in  character 
which  are  exhibited  by  the  insane  or  the  degenerate.  The  cortical 
gray  matter,  therefore,  is  the  chief  organ  of  the  psychical  life,  the 
ti&sue  tlirough  whose  acti\ity  the  objective  changes  in  the  external 
world,  so  far  as  tfiey  affect  our  sense  organs,  are  converted  ink* 
the  subjective  changes  of  consciousness.  The  nature  of  this  reac- 
tion constitutes  the  most  difficult  problem  of  physiologj^  and  ysf" 
choIog\',  a  problem  which  it  Ls  generally  beheved  Ls  beyond  tbfi 
possibility  of  a  satisfactory  scientific  explanation.  For  it  b  held 
that  the  methods  of  science  are  applicable  only  to  the  investiga- 
tion of  the  objective — that  is,  the  physical  and  chemical — changed 
within  the  nervous  matter,  while  the  psychical  react  ion  is  of  a  natuttf 
that  cannot  be  approached  through  the  conceptions  or  method* 
of  physical  science.  In  other  words,  there  is  a  physicochemiCAl 
mechanism  in  the  brain  matter  which  is  capable  of  giving  m  M 
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reaction  in  consciousness.  The  methods  of  physiology  are  adapted 
to  the  investigation  of  the  nature  of  this  mechanism,  but  the  reac- 
tion in  consciousness  deals  with  a  something  which  so  far  as  we 
know  is  not  matter  or  energy,  and  which,  therefore,  is  not  within 
the  scope  of  physiological  or,  indeed,  scientific  explanation.  In 
what  follows,  therefore,  attention  is  called  only  to  the  mechanical 
side —the  facts  that  have  been  discovered  regarding  the  anatomical 
structure  and  the  physical  and  chemical  properties  of  the  nervous 
loechanism. 

The  Histology  of  the  Cortex. — The  finer  structure  of  the 
different  regions  of  the  cortex  has  been  the  subject  of  much  investi- 
gation, but  in  this  connection  it  is  only  necessary  to  recall  the 
elonentary  facts  so  far  as  they  are  useful  in  physiological  explana- 
tions. Leaving  aside  differences  in  the  shape  and  stratification 
of  the  cells,  it  is  an  interesting  fact  that  the  cortex  everywhere 
has  a  similar  structure.  It  consists  of  four  or  five  layers  more  or 
less  clearly  distinguishable  (see  Fig.  81). 

1.  The  superficial,  plexiform,  or  molecular  layer,  lying  imme- 
diately beneath  the  pia  mater,  and  having  a  thickness  of  about 
OiS  mm.  In  this  layer,  in  addition  to  the  supporting  neuroglia, 
there  are  found  a  number  of  very  small  nerve  cells  of  several  types 
lying  with  their  processes  parallel  to  the  surface  of  the  brain.  The 
lions  and  dendrites  of  these  small  cells  terminate  within  the  layer, 
i  80  that  they  take  no  direct  part  in  the  formation  of  the  white 
I  niatter  of  the  brain,  but  have,  probably,  a  distributive  or  associa- 
I  tive  function.  In  this  layer,  also,  end  many  of  the  dendrites  of  the 
\  larger  nerve  cells  of  the  deeper  layers  and  the  terminal  arboriza- 
i  Son  of  entering  nerve  fibers  (axons)  from  other  regions. 
I  2.  The  layer  of  pyramidal  cells.  This  layer  is  characterized 
f  by  the  presence  of  numerous  pyramidal  cells  (see  D,  Fig.  84), 
;  which  in  general  increase  in  size  in  passing  from  the  upper  to  the 
;  lower  strata.  The  apices  of  these  cells  are  directed  toward  the 
[  jartemal  surface.  The  dendrites  from  the  apical  process  terminate 
I  in  the  molecular  layer,  while  the  axon  arising  from  the  basal  side 
of  the  cell  passes  inwardly  to  constitute  one  of  the  nerve  fibers  of 
the  medullary  portion  of  the  cerebrum.  This  thick  lamina  of 
odls  is  sometimes  subdivided  into  three  layers  of  small,  medium, 
a&d  large  pyramidal  cells. 

3.  The  granular  or  stellate  layer  composed  of  many  small  cells, 
some  of  which  are  pyramidal  and  some  stellate  in  form,  with  short 
branching  axons.  These  latter  belong  to  Golgi's  second  type  of 
i»enre  cell. 

4.  The  deep  pyramidal  layer  or  layer  of  large  or  medium-sized 
pyramidal  cells,  similar  in  form  to  those  in  layer  two,  and  the  axons 
of  which  pass  into  the  medulla  or  white  matter  of  the  cerebrum 
as  nerve  fibers. 
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5.  The  layer  of  fusiform  or  polytl  i 
phic  nerve  cells.  A  layer  of  cells  ww 
form  is  more  irregular  than  that  of  i 
pyramidal  cells,  i>ut  who^ie  slxob^  ai 
pass  into  the  medullar}^  portion  of  t 
cerebrum^  while  their  dendrites  stret 
externally  into  ttie  layer?  of  pyramid 
cells.  In  this  layer  are  found  abo  sol 
cells  l>elonging  to  the  i^eeond  typeij 
Golgi  (Martinotti  cells),  1 

The  medulla  of  the  cerebrum.  11 
white  matter  of  the  cerebrum  Ix'gi 
immediately  below  the  hist-named  lay< 
and  eons i fits  (\)  of  nerve  fibers  wliii 
orip:inate  from  the  pyramidal  and  pol 
niorphic  cells  immetliately  exterior  to 
and  which  carry  outgoing  impulses  fro 
that  part  of  the  cortex,  and  (2)  of  fib* 
arising  elsewhere  in  the  cortex  or  in  tl 
lower  portions  of  the  brain,  w^hich  tern 
nate  in  the  cortex  and  carry  the  inconii! 
impulses — impulses  which  are  afferent 
regards  that  part  of  the  cortex*  T 
y/^  v)'  *  y'i  J  *  4  ^  '" '  .  i  fibers  in  this  white  matter  may  l>e  daa 
■^  ^'  '* '  ../  AJU'^I  fied  under  thrw  heads:  Firsts  the  pr/ji 
Hon  sjfstem  (A,  B,  C,  D,  and  E  of  Fig.  85 
comprising  those  fillers,  afferent  M 
efferent,  which  connect  the  cortex  wi 
underlying  parts  of  the  central  nen'O 
system,— the  spinal  cord,  medulla,  poc 
ft  midl>rain,  or  thalamus.  This  great  pr 
jection  system  emerges,  for  the  mc 
part,  through  the  internal  capsule  ftJ 
the  peduncles  of  the  cerebrum.  Secon 
the  assodatmn  sijslem.  Certain  pa' 
of  the  cortex  are  seemingly  lacking  in 
projection  system;  the  fil>ers  arising  fro 
these  parts  do  not  enter  the  capsule 
make  connection  with  the  motor  and  ^ 
sory  paths  !>elow,  but  pass  to  oth 
parts  of  the  cortex,  forming  a  part  of  t 
system  of  association  fibers.     This  s) 


■V;/ 


4i, 


Fic.  81,^-6eetJoii  tbrciuith  ibe  cortex  of  tbe  third  rmntal  coovolutioii  rBrocs*s  mo^ 
tloii)  to  flboir  thf*  AtTfttifiratian  mif  the  ner\'e  cHIn:  I,  Tb?  plexiform  or  mol«ctitikr  l^jpcf* 
the  outer  layer  of  pyraniitlnl  rt.HU:  A,  rhe  frrAnttI«r  layer:  4.  the  cle«p  or  kaaer  pynm 
li^^  6,  ib«  fusiform  or  polymorphic  U>'er  (from  m  camera  lucida  drawing  by  Mdhn), 


' '    ^TuilcmJ  view  of  a  buniftn  henii»nph**re,  showins:  ttic  bundle^  ivf  aspoeiation 
^  \,  A.  Between  fictjareiit  gyn  ;  JS.  between  fmntnl  nml  urcipital  arejui;  C^ 

/'  I   &na  t*^iiiporftl  jirea.^,   rmtiriilttni  ;   D,  between   froinlal  uTid  tcnrifMiral  areaji, 

:^^-"  ..J.  iMir-iMatu>;    E,   between  ocripilal  and  tempo r&l  area^i.,   fahciculun   biiRitudiriaLLs 
'^'W'ftf ;  tJV.  caudate  noclrii* ;  (XT,  thalamus, 

^''^  may  be  defined  as  eom prising  tho8e  fibers  which  cotmeet  one 
jum  of  the  cortex  with  another  (Fig.  8S).     There  are  short  associ- 
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ation  tracts  (A^  A)  connecting  neighboring  convolutions  and 
tracts  passing  from  one  lobe  to  another.     Third,  the  commi 
system,  consisting  of  association  fibers  that  cross  the  niid4ine 
connect  portions  of  one  cerebral  hemisphere  with  the  (Tjrtex  of 
other.     These  fibers  make  up  the  comniissyral  bantk,  knowa 
gross  anatomy  as  the  corpus  callosum^  anterior  white  commii 
fornix,  etc. 

Physiological  Deductions  from  tlie  Histology  of  the  Coi 
— Cajal*  especially  lays  stress  upon  some  anatomical  features  whie 
seem  to  justify  certain  generalizations  of  a  physiological  nature. 
the  first  place,  every  part  of  the  cortex  receives  incoming  impi 
and  gives  rise  to  outgoing  impulses.  Everi^  part  of  the  cortex 
therefore,  both  a  termination  of  some  afferent  path  and  the  begS 
ning  of  some  efferent  path ;  it  is,  in  other  words,  a  reflex  arc  c 
a  greater  or  less  degree  of  complexity.  We  may  suppose  ihi 
eveiy  efferent  discharge  from  any  part,  of  the  cortex  is  occasicaii 
by  afferent  impressions  reaching  that  point  from  some  other  p^j 
of  the  ner\^ou8  system.  TMiether  or  not  there  is  such  a  thinp  I 
absolutely  spontaneous  mental  activity  cannot  be  determined  h 
physiology,  but  on  the  anatomical  side  at  least  all  the  structur" 
exhibit  connections  that  fit  them  for  reflex  stimulation,  and  maa 
of  our  apparently  spontaneous  acts  must  be  of  this  characl| 
Secondly,  all  parts  of  the  cortex  exhibit  an  essentially  simill 
structure.  Modern  physiology  has  taught  that  different  pa 
of  the  cerebrum  have  different  functions,  but  the  differentiati 
in  structure  which  usually  nccompanies  a  specialization  in 
tion  is  not  at  first  very  evident-  Definite  differences  in  th 
thickness  of  the  layers,  in  the  size  or  shape  of  the  cells,  or  in  th 
character  of  the  fibrillation,  have  been  pointeil  out  (see  p.  225),  hu 
it  is  perhaps  something  of  a  disappointment  to  find  so  little  of  a 
anatomical  distinction  between  stru(*tures  whose  reaction  in  coc 
seiousness  may  l>c  separated  so  widely.  Numerous  special  studk 
made  upon  the  lamination  of  different  f>arts  of  the  human 
(see  p.  225),  and  comparative  observations  upon  the  cereb|| 

tex  in  different  vertebrates,  have  served  to  give  an  ana  ^ 

foundation  for  various  interesting  speculations  which  subsequcf 
work  may  or  may  not  confirm,  t  It  is  pointed  out  that  if  we  onaj 
the  outer  or  molecular  layer  the  other  cells  of  the  cortex  fall  ifl 
three  groups,  namely,  the  granular  lai^tr  (3  in  Fig,  81),  the  sujm 
granular  layer  (2),  comprising  the  pyramidal  cells  external  to  tt 
granuh^r  layer,  and  the  infragrantdar  layer  (4  and  5),  compr  " 

•  Ciijal,  "Lee  noyvoll<?s  icl6e8  sur  la  structure  du  aystdme  nerveuxi 
P&riH,  1894. 

t  For  a  8iimmftry  of  these  wws  consult  Bolton,  ' ^ Brain, '^  1910  and 
or  ''Fiirihrr  Advunrt's  in  Physiology/'  Hill,  Ixmdon  and  New  York, 
Van  \'alkrrihvirK»  'Tolia  neurobiologica/'  1910,  4,  335. 
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the  pyramidal  and  fusiform  cells  internal  to  the  granular  layer. 
Comparison  of  the  cerebral  cortex  in  the  brains  of  the  different 
vfftd)rates  indicates  that  the  supragranular  cells  have  appeared 
relativdy  late  in  the  phytogeny  of  the  vertebrates,  and  have 
reached  their  greatest  development  in  the  human  brain.  The 
suggestion  occurs,  therefore,  that  these  cells  have  a  different  func- 
tional significance  from  those  in  the  infragranular  layer.  It  has 
been  supposed  that  the  supragranular  cells  mediate  the  so-called 


.  fif  ii,—A-D,  Showing  the  phylogenetic  development  of  mature  nerve  celb  in  a 
»f> Of  vertebrates:  a-€,  the  ontogenetic  development  of  growing  cells  in  a  typical  mam- 
Jv  Un  both  eases  only  psrramidal  cells  from  the  cerebrum  are  shown) ;  A,  frog;  B,  lixard; 
fiy;  D,  man;  a,  neuroblast  without  dendrites;  b.  commencing  dendrites;  c,  dendrites 
!S|*r  developed ;  d,  first  appearance  of  collateral  branches;  e,  further  development  of 
MMmh  tod  dendrites.— (A^  Bam&n  y  Cajal.) 

Irigher  psychical  processes,  which  characterize  man  and  the  related 
Diammalia  as  compared  with  the  lower  vertebrates.  The  infra- 
Panular  cells,  on  the  other  hand,  constitute  a  primitive  layer  which 
fcte  obvious  connections,  through  projection  fibers,  with  the  under- 
lying parts  of  the  brain  and  of  the  body  at  large.  These  cells 
fonn,  therefore,  a  mechanism  through  which  the  brain  is  connected 
^^^y  with  the  rest  of  the  body,  and  through  which  the  older 
instinctive  reactions  are  controlled.  In  the  matter  of  lami- 
nation and  distinct  variations  in  size  and  appearance  of  the 


186 


PHYSIOLOGY    OF   CENTRAL   NERVOUS   SYSTEM. 


strata  of  cells  and  fibers  the  human  cortex  shows  a  greater 
ferentiation  than  in  the  lower  animals,  and  it  is  esped 
characterized  l)y  a  large  development  of  what  are  knoui 
assoeiational  areas  (p.  219),  particularly  in  the  frontal  I 
In  the  third  place,  the  central  nervous  system  throughout 
vertebrates  is  constructed  upon  the  same  lines,  a  meehanisn 
interconnecting  neurone.     There  is  a  vast  tUfference  in  the  n 
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Fig.  95. — Section*  thrnujfh  eorreHr>'^n*1ma  parU  of  the  eortexio:  «,  Man;  I 
»nd  e,  rtiole,  to  show  the  greater  separattofi  of  the  nerve  cellt*  in  the  higher  anioi 
(Hethi^,  after  Ni*»L} 

tal  activity  of  a  frog  and  a  man,  but  the  cortex  of  the  eerel 
shows  a  fundamental  similarity  in  structure  in  the  two  c 
In  addition  to  the  variations  in  stratification  or  lamination  refi 
to  above  one  general  distinction  that  comparative  anatomy  ia 
to  make  is  that  in  the  higher  animals  the  greater  mental  dev 
ment  is  associated  with  a  greater  complexity  and  richness  in  the 
nections  of  the  neurons.  As  shown  in  Figs.  84  antl  85,  the  numl 
processes,  particularly  the  dendritic  processes*  is  much  great 
the  cortical  cells  of  the  higher  animals ;  or,  t-o  put  this  fact  in  an 
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way,  the  number  of  cells  in  the  cortex  of  the  higher  animals  is  much 
less  for  an  area  of  the  same  size  than  in  lower  animals.  The  amount 
of  in-between  substance  or  the  richness  of  the  network  of  processes 
is  increased.  This  anatomical  fact  would  indicate  that  the  greater 
mental  activity  in  the  higher  animals  is  dependent,  in  part,  upon  the 
richer  interconnection  of  the  nerve  cells,  or,  expressed  physiologic- 
ally, our  mental  processes  are  characterized  by  their  more  numer- 
ous and  complex  associations.  A  visual  or  auditory  stimulus  that, 
m  the  frog,  for  instance,  may  call  forth  a  comparatively  simple 
motor  response,  may  in  man,  on  account  of  the  numerous  associa- 
tions with  the  memory  records  of  past  experiences,  lead  to  psychi- 
cal and  motor  responses  of  a  much  more  intricate  and  indirect 
character. 

Extirpation  of  the  Cerebrum. — One  of  the  methods  used  in 
physiology  to  determine  the  general  functional  value  of  the  cerebral 
hemispheres  has  been  to  remove  them  completely,  by  surgical 
operation,  and  to  study  the  effect  upon  the  psychical  responses  of 
the  animal.  Upon  the  cold-blooded  animals  and  the  birds  the 
operation  may  be  performed  with  ease,  but  in  these  animals  the 
positive  results  are  not  striking  and  the  experiments  are  valuable 
chiefly  for  their  negative  results.  If  the  cerebral  hemispheres  are 
i«moved  from  the  frog,  for  example,  the  animal  after  recovering 
from  the  immediate  effects  of  the  operation — that  is,  the  effects 
of  the  anesthetic  and  the  shock — shows  surprisingly  little  difference 
from  the  normal  animal.  It  maintains  a  normal  posture  and  shows 
DO  loss  at  all  in  its  power  of  equilibration.  When  placed  on  its 
back  it  quickly  regains  its  usual  position.  If  thrown  into  water 
it  swims  to  a  solid  support  and  crawls  out  like  a  normal  animal. 
It  jumps  when  stimulated  and  is  careful  to  avoid  obstacles  placed 
in  its  way,  showing  that  its  visual  reflexes  are  not  impaired.  It 
is  said,  however,  that  the  more  complicated  reactions  that  depend 
upon  the  memory  of  past  experiences  or  the  instincts  are  absent  or 
imperfect.  This  latter  peculiarity  is  manifested  most  impressively 
m  birds  (pigeons)  after  removal  of  a  part  or  all  of  the  cerebrum.  As 
» result  of  such  an  operation,  the  nervous,  active  animal  is  changed 
»t  once  to  a  stupid,  lethargic  creature  which  reacts  only  when 
stimulated.  It  sits  in  a  drowsy  attitude,  with  its  head  drawn  in 
to  the  shoulders,  its  eyes  closed,  and  its  feathers  slightly  erected ; 
occasionally  it  will  open  its  eyes,  stretch  the  neck,  gape,  preen 
its  feathers  perhaps,  and  then  sink  back  into  its  soirmolent  attitude. 
The  animal  in  this  condition  maintains  its  equilibrium  perfectly, 
flies  well  if  thrown  into  the  air  and  perches  comfortably  upon  a 
J^MTow  support.  It  may  be  kept  alive  apparently  indefinitely  by 
appropriate  feeding  and  so  long  as  it  is  well  fed  retains  its  stupid 
^i  impassive  appearance.     If  allowed  to  starve  for  a  while  it 
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becomes  restless  from  the  effects  of  hunger,  may  walk  to  and  fi 
and  jieck  aimlessly  at  the  trroimd.  If  surrounded  by  ^ain  it  o 
peck  at  the  separate  grahis.  but  never  actually  seizes  one  in 
beak  and  swallows  it.  The  striking;  defect  in  these  aninmls  is 
loss  of  those  responses  that  rlepend  upon  memory  of  past  or 
herited  experiences.  Its  motor  reactions  are  all  of  a  simple  kio 
If  placed  upon  a  hot  plate  it  will,  for  u  time,  lift  first  one  foot*  th 
the  other,  and  finally  squat,  but  never  fiies  away»  When  doail 
a  loud  noise  awakens  it,  but  it  exhibits  no  signs  of  fear^ 
quickly  relai>9es  into  somnolence  when  the  auditory-  stimulus  ceaa 
The  one  positive  conclusion  that  we  may  dra\v  from  the  behav 
of  these  animals  is  that  in  them  the  cerebrum  is  the  orgjui 
wdiich  the  memor>^  associations  are  mediated,  and  that  when 
is  removed  the  actions  of  the  animal  become  mych  more  di 
and  predictable,  since  the  stimulus  awakens  no  association*  vvij 
past  exi^eriences.  The  complete  removal  of  the  cerebrum  in  maa 
mals  is  attended  with  more  difficulty.  When  taken  out  at  oi 
by  a  single  operation,  the  animal  survives  but  a  short  time  al 
the  permanent  effects  of  tlie  operation  cannot  be  detected,  Ooltf 
however,  has  succeeded,  in  doj^,  in  removing  liy  a  peculiar  ojxt 
tion  all  of  the  cerebral  cortex.  The  operation  was  performed 
several  successive  stages  with  an  interval  of  several  months  l>etwe 
In  the  most  successful  exi:>eriment  the  animal  was  kept  alive 
a  year  and  a  half  and  the  postmortem  examination  show^ed  th 
all  of  the  cortex  had  been  removed  except  a  small  portion  of  t 
tip  of  the  temporal  lobe,  and  this  latter,  since  its  connection  ^ 
the  other  parts  of  the  brain  had  been  destroyed,  was,  of  coui 
functionless.  In  addition,  a  large  part  of  the  corpora  striata  al 
the  thalami  and  a  small  portion  of  the  midbrain  had  beea 
moved.  The  behavior  of  tliis  animal  w^as  studied  carefully.  Aft 
the  immediate  effects  of  the  operation — paralysis,  etc* — had  disa 
peared  the  animal  moved  easily;  in  fact,  showed  a  tendency  to  fce 
moving  contmually.  There  was  no  permanent  paralysis  of  the 
called  voluntary  movements.  He  aiLswereil  to  sensor\'  stimuli 
various  kinds,  but  not  in  an  intelligent  way.  If,  for  instance^ 
painful  stimulus  was  applied  to  the  skin,  he  would  growl  or  b 
and  turn  his  head  toward  the  jjlace  stimulat^^l;  but  did  not  attei 
to  bite.  No  caressing  could  arouse  signs  of  pleasure,  and 
threatening  signs  of  fear  or  anger.  Like  the  pigeon,  the  most  < 
spieuous  defect  in  the  animal  was  a  lack  of  intelligent  response^ 
that  is,  the  respoiLses  to  scnsor>'  stimuli  were  simple,  and  e\ndentl; 
did  not  involve  complex  associations  with  past  experiences*  I 
memory^  records,  for  the  most  part,  liad  been  destroyed.  Go 
records  that  when  starved  he  showed  signs  of  hunger,  and  th 
•  Gollz,  "An'hiv  f.  die  gesammte  Physiologie,"  ol,  o70,  1892. 
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eventually  he  learned  to  feed  himself  when  his  nose  was  brought 
into  contact  with  the  food,  although  he  was  not  able  to  recognize 
food  placed  near  him.  He  would  reject  food  with  a  disagreeable 
taste.  When  sleeping  he  gave  no  signs  of  dreaming,  differing  in 
this  respect  from  normal  dogs. 

Localization  of  Functions  in  the  Cerebrum. — ^When  the 
belief  was  established  that  the  cerebrum  is  the  organ  of  the  higher 
psychical  activities  there  arose  naturally  the  question  whether  dif- 
ferent parts  of  the  cortex  have  different  functions  corresponding 
to  the  various  faculties  of  the  mind,  or  whether  the  cerebrum  is 
fonctionally  equivalent  throughout,  in  the  same  sense,  for  instance, 
as  the  Ever.  This  question  of  the  localization  of  functions  in  the 
brain  (cerebrum)  has  been  much  debated,  but  the  most  interesting 
and  important  discussions  upon  the  subject  belong  to  the  nine- 
teenth century.  About  the  beginning  of  the  century  Franz  Joseph 
GaO,  at  that  time  a  physician  in  Vienna,  began  to  teach  publicly  his 
^-known  system  of  cranioscopy  or,  as  it  was  later  designated  by 
his  chief  disciple  (Spurzheim) ,  system  of  phrenology.*  Gall,  from  his 
eaiiy  youth,  was  possessed  with  the  idea  that  the  different  faculties 
of  the  mind  are  mediated  through  different  parts  of  the  brain,  that 
in  it  we  have  to  deal  not  with  a  single,  but  with  a  plurality  of 
(vgaos.  This  belief  was  in  opposition  to  the  current  ideas  of  his 
times  and  Gall  devoted  his  entire  life  to  an  earnest  effort  to  estab- 
lidi  and  popularize  his  views.  He  and  his  disciples  contributed 
many  very  important  facts  to  our  knowledge  of  the  finer  anatomy 
of  the  brain;  but,  so  far  as  the  view  of  separate  organs  in  the 
cerebrum  is  concerned,  the  methods  that  he  employed,  although 
perhaps  the  only  ones  that  he  could  make  use  of  at  that  time, 
have  since  been  demonstrated  to  be  fallacious  when  used  as  he 
nsed  them.  He  conceived  that  the  more  developed  any  given 
ntental  quality  is  the  laiger  will  be  the  organ  representing  it  in 
the  cerebrum,  and  since  the  cranium  fits  closely  to  the  cerebrum 
the  relative  prominence  of  the  parts  of  the  cerebrum  may  be  judged 
by  a  study  of  the  exterior  of  the  skull.  This  method  of  study  con- 
stituted the  essential  feature  of  cranioscopy  or  phrenology,  and 
by  observation  upon  people  with  particularly  marked  mental 
<{QaIities  Gall  and  his  disciples  supposed  that  they  had  located  the 
wgans  for  thirty-five  different  faculties.  While  the  general  idea 
of  this  method  may  be  defended,  it  is  obvious  that  the  application 
rf  it  scientifically,  so  that  positive  and  demonstrable  results  can 
be  obtained,  is  practically  impossible.  The  system  of  phrenology 
ttd  its  methods  quickly  fell  into  disrepute,  since  they  were  ex- 
ploited by  frauds  and  charlatans.       Gall's  ideas  in  the  begin- 

*Gall  (and  Spurzheim),  "Recherches  sur  la  syst^me  nerveux  en  g6n6ral 
«t  8ur  cdui  du  cerveau  en  particulier,"  1810-19. 
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ning  excited  the  greatest  interest,  but  it  seems  that  he  wi 
able  to  convince  the  majority  of  the  scientific  men  of  his 
of  the  conclusiveneBS  of  his  results.     At  the  time  that  he 
teaching  his  doctrines  in  Paiis,  where  he  spent  the  later  years 
his  life,  Flourens  began  Ids  celebrated  experimental  work  upon  ih 
functions  of  the  brain, — work  which  was  mainly  instrumental  | 
convincing    physiologists    that    the    cerebrum    is  a  single  or| 
functionally  equivalent  in  all  of  its  parts.*     Flourens*  chief 
periments  were  made  upon  pigeons,  and  in  these  animals  he  foi 
that  Buccessive   ablations  of  parts  of  the  cerebrum  from  l:iefil 
backward  or  from  side  to  side  %vere  not  followed  by  a  correspondli 
series  of  defects  in  the  animals'  psychical  life.     On  the  contrar 
when  the  quantity   of  brain   syl:>stance  removed   was  sufficients 
large,  all  these  qualities   went   at  once.    The   choice  of  atiimi 
for  these  experiments  was  an  unfortunate  one,   but  the  resii 
were  corroborated  in  part  by  a  number  of  instances  in  which  hunt 
beings  by  accident  or  wounds  in  battle  had  lost  a  part  of  the  bri 
without  any  appai^ent  defect  in  their  mental  pow'ers.      Therefc 
toward  the  middle  of  the  nineteenth   centur>"  the  prevalent  vu 
in  physiology*  was  that  the  cerebrum  is  functionally  equivalent 
all  of  its  parts.     One  fact  was  knowTi  in  medicine  at  that  tiia 
which  distinctly  contradicted  this  belief, ^namely,  that  an  inju 
to  the  region  of  the  third  frontal  convolution  in  man,  on  i 
left  side,  causes  a  loas  of  articulate  speech  (motor  aphasia),     fl 
this  fact,  so  significant  to  us  now,  was  not  properly  valued 
the  time.     The  beginning  of  our  modem  views  of  cerebral  localil 
tion  is  found  in  tlie  work  of  Fritsch  and  Hitzig  f  (1870),  in  whi 
they   exposed   and  stimulated  electrically    the   cortex   cerebri 
dogs.     They  observed  that  stimulation  of  certain  definite  arei 
particularly  in    the  sigmoid  gyrus,   gave   distinct   and    constan 
movements  in   the   limbs,   face.  etc.    (see   Fig.  86).      This  w 
was    followed   quickly    by   experiments   of  a  similar  kind  nu 
by  numerous  observers,  in  which  the  cerebrum  was  stimulated  ^ 
various  animals  and  finally  in  man.     In  addition,  the  method  o 
ablation  of  these  aretis  was  employed  with  subsequent  study  < 
the  animal  in  regard  to  the  motor  or  sensory-  defects  resultin 
therefrom,  anrl  the  results  ol>tained  w^re  further  extended  h 
careful  autopsies  upon  human  beings  in  w4iom  paralyses  of  varioi 
kinds  and  sensory  defects  were  associatcnl  with  more  or  less  dci 
nite  lesions  of  the  cerebrum.    The  first  outcome  of  this  work  Wl 
to  lead  to  an  extreme  view  of  localization  of  function  in  the  brai 

•  Flotirens,  "Recherches  ex|y'riniPiitfiles  sur  1^  propri(!4<58  et  les  fonctij 
du  sy9tV*me  nerv'Piix  dans  k^  Hiiinmux  vfTt^br^,"  1S24, 

f  Fritsrh  and  Hitziis,  *\\rphiv  f.  Amitomie  und  Physiologje  und  mM 
schafdiche  Medizin/'  1S70,  300. 
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id  which  the  different  motor  and  sensory  areas  were  definitely 
fircuma*ribed  and  separated  one  from  the  other,  making  the 
wehrum  a  plurality  of  organs,  to  use  GalFs  term.  The  more 
mtnt  work  has  tended  to  modify  these  extreme  views  of  local- 
ization and  to  emphasize  tlie  fact  that  histologically  and  physio- 
lo^cally  the  entire  cerebrum  is  connected  so  intimately,  part  to 
[ jATt,  that,  although  the  diHerent  regions  mediate  different  func- 
tions, nevertheless  an  injur>^  or  defect  in  one  part  may  influence 


~^- 


L 


^^Mu— To  tbow  tbp  motor  are&s  in  the  dttg'm  hrnin  asorigioalty  determined  by  Fritech 
I^Hitiif:  f,  ScBioid  cyrus;  ^»  center  im  ih«  iwsck  musclfa;  -^ ,  ceaicr  for  the  tijtt^tjjwm  aad 

tiof  the  foretimb;  -^ ,  c«&t«r  for  th^  fiexoni  juid  rotation  tif  foreJimb;  ^,  ceafer  for  the 

b;  0 — O.  center  for  the  muacles  ianer\'ated  by  the  faciaJ. 


w  Bwne  extent  the  functional  value  of  all  other  regions  in  the 
*|Ml.  The  general  idea  of  a  localization  of  function  ha,s  been 
^€pted,  but  the  modern  view  is  that  the  cerebrum  is  com- 
pcad  of  a  plurality  of  organs,  not  completely  separated  one 
ffom  the  other,  as  taught  by  Gall,  but  intimately  associated 
^  to  a  certain  extent  dependent  one  on  another  for  their  full 
functional  importance.  It  must  l>e  borne  in  mind  in  this  con- 
nection that  most  of  the  efforts  made  hitherto  to  localize  the 
|ttiictional  acti\ities  of  the  brain  have  had  reference  chiefly  to 
Qes  of  separation  vertical  to  the  cortex.     As  indicated  on  p.  1 84, 
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recent  investigations  have  indicated  that  it  will  be  necessai^ 
consider  also  the  separation  of  fun(^tion  along  horizontal  pli 
(von  \'alkenhiirg).  That  is  to  say,  it  seems  quite  possible  that] 
several  strata  in  the  cortex,  such  as  the  granular,  the  iml 
granular,  anil  the  supragranuhir  layers  may  mediate  different 
tivities  of  the  brain,  or  even  (htferent  psyelncal  functions,  * 
The  Motor  Area. — The  first  experiments  of  Fritsch  and  IB 
disclo.s<:j(i  the  location  of  a  cortical  region  in  the  dog  which  ^ 
stimulation  gave  definite  movements.  The  later  experimenti 
Fender,  Schafer,  Hoi>;ley,  and  Beevor,  particularly  upon  the  ^ 
gave  reason  for  believing  that  tliis  motor  area  syrroundsl 
central  sulcus  of  Rolando  and  extends  inward  upon  the  rae 
aurface  of  the  cerebrum.     Its  exact  boundaries  marked  out 


Anus^^i^ftfUL. 


^infers 


ByeUd  /cimL     \  ^^^''^^\^^^^ 

^f^Aitf     cerds  I 

Fij?,  ST.— LoeBitiftn  of  motor  areas  in  bndn  of  chlmpaiiMse. — {ShoTin^on  and  ^ 
haum.y  The  eicCent  of  the  motor  areas  is  indicated  by  E>tippliiiK;  it  lies  entirety  tn  I 
of  the  hpure  of  Raliindo  (sulcus  oeatr&lja).  Much  of  the  motor  areta  is  hidden  in"  the  & 
The  regiona  mArked  eyoi^  mdicate  the  areas  wha»e  ntiniuLation  i^vea  enDJugate  ! 
qI  the  eyebaUa.     It  u  duubtfu!*  however^  whether  theao  represent  motor  i 


careful  stimulation  of  the  region  in  monkeys  was  more  or  I 
verified  upon  man,  since  in  operations  upon  the  brain  it  ^ 
often  necessary  to  stimulate  the  cortex  in  order  to  localiK 
given  motor  area.  By  these  means  charts  have  been  nu 
showing  the  cortical  area  for  the  musculature  of  each  part 
the  body.  It  was  found  that  in  general  the  distribution 
the  areas  lies  along  the  central  sulcus  of  Rolando  and  folk 
the  order  of  the  cranial  and  spinal  nerves.     Within  each  a 
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smaller  centers  may^be  located  by  careful  stimulation;  thus,  the 
hand  and  arm  area  may  be  subdivided  into  centers  for  the  wrist, 
fingers,  thumb,  etc.  Sherrington  and  Greenbaum,*  making 
use  of  electrical  stimulation,  unipolar  method,  have  explored 
carefully  the  motor  areas  in  the  monkey.  They  state  that 
these  areas  do  not  extend  back  of  the  central  sulcus,  but  lie 
chiefly  along  the  anterior  central  convolution,  as  represented 
in  Figs.  87  and  88,  and  extend  for  only  a  smdl  distance  on  to 
the  mesial  surface  of  the  cerebrum.  The  area  thus  delimited 
by  physiological  experiments  is  the  region  from  which  arises 
the  pyramidal   system   of   fibers,    and   clinical   experience   has 


&tte.eaUxirit%* 


C.3.1  dd. 


Hg.  88.— To  show  extension  of  motor  areas  on  to  the  mesial  surface,  brain  of  chim- 
v^'^^—iSKefTinifton  and  Oreenbaum).  Mesial  surface  of  left  hemisphere:  Stippled  region 
JjjTttdLEG  gives  the  motor  area  for  lower  limb;  /,  «,  and  h  indicate  regions  from  which 
norements  were  obtained  occasionallv  with  strong  stimuli: /,  foot  and  leg;  s,  shoulder  and 
^^i  A,  thumb  and  fingers.  The  shaded  area  marked  EYES  indicates  a  region  stimulation 
"  vtuch  gives  conjugate  movements  of  the  eyes. 

shown  that  lesions  in  this  part  of  the  cortex  are  accompanied 
by  a  paralysis  of  the  muscles  on  the  other  side,  particularly 
in  the  limbs.  Pathological  or  experimental  lesions  here,  more- 
over, are  followed  by  a  degeneration  of  the  pyramidal  neurons, 
7~a  degeneration  which  extends  to  the  termination  of  the  neurons 
in  the  cord.  "With  these  data  we  can  construct  a  fairly  complete 
account  of  the  mechanism  of  voluntary  movements.  The  ini- 
tial outgoing  or  efferent  impulses  arise  in  the  large  pyramidal  cells 
of  the  motor  areas,  and  proceed  along  the  axons  of  their  neurons 
to  the  motor  nuclei  of  the  cranial  or  spinal  nerves.  The  neurons 
of  the  pyramidal  tract  constitute  the  motor  tract  for  voluntary 

,    *  "Reports  of  the  Thompson- Yates  and  Johnson  Laboratories/'  4,  351, 
1^;  0,  55,  1903. 
13 


PHYSIOLOGY    OF    CENTRAL    NERVOUS    SYSTEM 


194 


movements;  a  lesion  anywhere  along  this  tract  causes  paralysis, 
more  or  less  complete,  and  on  the  other  side  of  the  body  in  genera-t 
if  the  lesion  is  anterior  to  the  decussation.  The  path  of  Lbe 
motor  fibers  is  represented  in  the  schema  given  in  Fig.  89.  Arising 
in  the  cortex,  they  take  the  following  route  (see  also  Fig*  82,S); 

1.  Corona  radiatn. 

2    Internal  eapsule, 

3.  Peduncle  of  cerebrum. 

4.  Pons  Varolii,  in  which  they  are  broken  into  a  number  of 

smaller  bundles  by  the  fibers  of  the  middle  peduncle  of 
the  cerebellum  {brachium  pout  is).  In  this  region,  also, 
some  of  the  fibers  cross  the  mid-line,  to  end  in  the 
motor  nuclei  of  the  cranial  nerves:  Third,  fourth,  fifth, 
sixth,  and  seventh. 

5.  Anterior  pyramids. 

6.  Pyramidal  decussation. 

7.  Anterior  and  lateral  i>vramic[al  fasciculi  in  the  cord. 
After  ending  in  the  motor  nuclei  of  the  cranial  or  spmal  nen*es  tte 

path  is  contmued  by  a  second  neuron  from  these  nuclei  to  the  mu^ 
cles.  The  entire  path  involves,  therefore,  two  neurons,  and  injuiy 
to  either  will  cause  paralysis  of  the  corresponding  muscles. 

Difference  in  the  Paralysis  from  Injury  to  the  Spinal  and  the 
Pyramidal  Neuron. — With  regard  to  the  musculature  of  the  limbs 
espcciall}^  a  difference  has  been  obser\"ed  in  the  paralysis  caused  by 
injury   to    the  spinal   and    pyramidal    (cerebrospinal)    neuron** 
respectively.     Lesions   of   the   anterior   root   cells   in   the  cord 
or  of  the  axons  arising  from  them  cause  complete  paralysis  oi 
the  corresponding   muscles,   since  these   muscles   are  then  re* 
moved  not  only  from  voluntar}^  control,  but  also  from  reflet 
effects.     The  nniscles  are  entirely  relaxed  and  in  time  exhibit 
a  more  or  less  complete  atrophy.     When  the  pyramidal  neuron^ 
are  affected,  as  in  the  familiar  condition  of  hemiplegia  resulting 
from  a  unilateral  lesion  of  the  motor  cortex,  there  is  paralysis  a^ 
regards  %^oluntary  conlroK  but,  the  spinal  neuron  being  intact,  the 
rauscles  are  still  subject  to  reHex  stimulation  through  the  cordf 
especially  to  the  so-called  tonic  impulses.     Under  these  condition^ 
specially  if  the  lesion  is  in  the  cord,  it  is  frequently  noticed  thattb<> 
paralyzed  muscles  are  thrown  into  a  state  of  continuous  contractino^ 
contracture^  in  which  they  exhibit  a  spastic  ri^dity.     Tins  fact*-' 
therefore,  may  be  used  in  diagnosing  the  general  location  of  tb^ 
lesion.     A  satisfactory^  explanation  of  the  cause  of  the  tonic  cob- 
traction  has  not  lieen  furnished.     It  may  be  due  to  uncontrolled! 
reflex  excitation  of  the  spinal  neurons,  or,  as  suggested  by  VaJ* 
Gehuchten,  to  the  action  of  the  indirect  motor  path  by  way  of  th^ 
rubrospinal  tract  (fasciculus  intermediolateralis). 


LI 
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Is  the  Pyramidal  System  the  Only  Means  of  Volwitary  (Cor- 
tod)  Control  of  the  Muscles?— Much  discussion  has  arisen 
regarding  this  question.  It  is,  in  fact,  one  of  those  questions  of 
nervous  mechanism  in  which  experiments  upon  lower  animals 
must  be  applied  with  caution  to  the  conditions  in  man.  As 
we  have  seen,  the  entire  cerebral  cortex  may  be  removed  from 
the  frog,  the  pigeon,  and  the  dog  without  causing  permanent 
paralysis,  although  in  the  animal 
last  named  there  is  at  first  a  more 
or  less  marked  loss  of  voluntary 
control.  But  in  man  and  the  higher 
types  of  the  monkey  the  pyramidal 
system  is  more  completely  devel- 
oped, and  corresponding  with  this 
fact  it  is  found  that  the  paralysis 
from  lesion  of  the  motor  cortex  is 
more  permanent.  In  fact,  observa- 
tions upon  men  in  whom  it  has 
been  necessary  to  remove  parts  of 
the  motor  area  by  surgical  opera- 
tion indicate  that  the  voluntary 
control  of  the  muscle  is  lost  or  im- 
paired permanently.  It  would  seem, 
therefore,  that  even  in  an  animal  as 
kigh  in  the  scale  as  the  dog  volun- 
tary control  of  the  muscles  can  be 
mamtained  through  fibers  other 
than  those  belonging  to  the  pyra- 
midal system.  A  system  such  as 
that  found  in  the  rubrospinal  tract 
(p.  178)  may  be  considered  as  ade- 
^l^ate  to  fulfil  such  a  function.  In 
man,  however,  along  with  the  more 
complete  development  of  the  pyr- 
amidal system,  the  eflBcacy  of  the 
phylogenetically  older  motor  sys- 
tems is  correspondingly  reduced. 

The  Crossed  Control  of  the 
Muscles  and  Bilateral  Represen- 
tation in  the  Cortex.— It  has  been 
known  from  very  ancient  times  that  an  injury  to  the  brain  on 
one  side  is  accompanied  by  a  paralysis  of  voluntary  movement 
on  the  other  side  of  the  body,  a  condition  known  as  hemiplegia. 
The  facts  given  above  regarding  the  origin  and  course  of  the 
pyramidal  system  of  fibers  explain  the  crossed  character  of 
of  the  paralysis    quite  satisfactorily.     The  schema  thus  pre- 


Fig.  89. — Schema  repreeenting 
Ae  course  of  the  fibers  of  the  pyra- 
midal system:  1,  Fibers  to  the  nuclei  of 
the  cranial  nerve ;  2,  uncroased  fibers 
to  the  lateral  pyramidal  fasciculus  * 
3,  fibers  to  the  anterior  pyramidal 
fasciculus  crossing  in  the  oord ;  4  and 
5,  fibers  that  cross  in  the  pyramidal 
decussation  to  make  the  lateral 
pyramidal  tract  of  the  opposite  side. 
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sented  to  us  is,  however,  not  entirely  without  exception.    I 

cases  of  hemiplegia  in  which  tixe  whole  motor  area  of  oi 
side  is  included  it  is  known  that  the  pariilysis  on  the  other  sii 
does  not  involve  all  the  muscles,  and,  in  the  second  plai 
it  is  said  that  there  is  some  muscular  weakness  on  the  SAf 
side.  The  paralysis  in  hemiplegia  affects  but  little,  if  at  a 
those  muscles  of  the  trunk  which  are  accustomed  to  act< 
unison, — the  muscles  of  inspiration,  for  instance^  the  diaphragf 
abdominal  and  intercostal  muscles,  and  the  muscles  of  the  kryt 
It  would  appear  that  these  muscles  are  bilaterally  represented 
the  cortex ;  so  that  if  one  aide  of  the  brain  is  intact  the  muscles 
both  sides  are  still  under  voluntary  control  The  mechanism 
this  bilateral  repi'esentation  is  not  definitely  known;  one  HI 
conceive  several  possibiUties.  The  motor  area  on  each  side  m 
send  down  a  double  set  of  pyramidal  fibers^  one  of  which  cro« 
and  the  other  remains  on  the  same  side,  or  the  fibers  oi 
bifurcate.  Or  it  is  possible  that  the  bilateral  control  is  d 
to  commissural  connections  between  the  lower  centers  in  I 
cord.  Some  evidence  in  favor  of  the  fonner  Yievr  is  found  in  t! 
undoubted  histological  fact  brought  out  by  Melius  and  others,  th 
small  unilateral  lesions  in  the  motor  area — the  center  of  the  ^ 
toe  in  the  monkey,  for  instance — are  followed  by  degeneration 
the  lateral  pyramidal  fasciculus  in  the  cord  on  both  sides,  sh0 
ing  that  some  portions  of  the  motor  area  send  fibers  to  both  sid 
of  the  body*  In  cases  of  hemiplegia  it  may  be  added  that  t 
muscles  of  the  liml>s  are  not  all  equally  affected. 

Are  the  Motor  Areas  Only  Motor  in  Function? — The  git 
number  of  nerve  cells  in  the  cortex  in  addition  to  the  Ifll 
pyramidal  cells  that  give  origin  to  the  fibers  of  the  pyramic 
system  make  it  possible  histologically  that  other  funf*tions  m 
be  mediated  in  the  same  region.  This  possibility  has  been  kl 
in  view  since  the  early  experiments  of  Munk,  in  which  he  show 
that  lesions  in  the  Rolandic  region  are  followed  by  disturbani 
in  what  are  designated  as  the  body  sensations,  that  is, 
muscular  and  cutaneous  sensibility,  but  especially  the  foroti 
It  was  suggested,  therefore,  at  one  time  that  one  and  the  sal 
spot  in  the  cortex  might  serve  as  the  origin  of  the  motor  impult 
to  a  given  muscle  and  as  the  cortical  termination  of  the  sense 
impulses  coming  from  the  same  muscle,  the  reaction  in  c< 
sciousness,  the  muscular  sensations,  being  mediated  perhi 
through  cells  other  than  those  giving  rise  to  the  pyramidal  fihf 
Recent  physiological  and  clinical  work  has,  however,  not  tend 
to  support  this  view.  The  motor  areas  appear  to  be  confiu 
to  the  region  in  front  of  the  central  sulcus  of  Rolando,  while t 
cortical  area,  in  which  the  afferent  fibers  mediating  body  sensibil 
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(muscular-cutaneous)  make  their  final  termination  extends  back  of 
this  sulcus  in  the  posterior  central  convolution.  Whether, 
on  the  other  hand,  the  sense  areas  for  the  body  (cutaneous  and 
muscular)  extend  forward  into  the  cortex  of  the  frontal  lobe  is 
not  clearly  shown  by  experimental  or  clinical  evidence.  Flechsig, 
from  bis  studies  upon  the  time  of  myelinization  of  the  afferent 
fibers  in  the  embryo  brain,  concludes  that  this  is  the  case,  and 
that,  therefore,  the  motor  and  sensory  areas  overlap  for  a  part 
at  least  of  their  extent  (see  p.  222  and  Fig.  98).  On  the  con- 
trary, in  an  interesting  report  by  Gushing*  of  two  cases  in  which 
the  anterior  central  convolution  was  stimulated  in  conscious 
patients,  it  is  stated  that  there  was  no  sensation  other  than  that 
arismg  from  the  change  in  position  of  the  muscles  which  were 
thrown  into  contraction.  In  the  motor  area  there  are  numerous 
connections  by  association  tracts  with  other  parts  of  the  brain. 
By  this  means  the  motor  area,  without  doubt,  is  brought  into 
idation  with  many  other  parts  of  the  cortex,  and  the  sensations 
or  perceptions  aroused  elsewhere  may  react  upon  the  motor  paths. 
A  voluntary  movement,  however  simple  it  may  be,  is  a  psychologi- 
cal act  of  some  complexity,  that  is  to  say,  every  movement  is  pre- 
ceded or  accompanied  by  certain  sensations  and  perceptions  which 
depend  upon  sensory  stimulations  occurring  at  that  time,  or  upon 
experiences  derived  from  conditions  of  excitation  that  have 
occurred  at  some  previous  period — every  action  is  part  of  a 
train  of  conscious  or  subconscious  processes  whose  neural  mech- 
anism extends  over  wide  regions  of  the  cortex.  The  mental 
processes,  the  associations  that  lead  to  and  originate  the  motor 
discharge,  the  mental  image  of  the  movement  to  be  effected, 
cannot  be  definitely  located  in  the  cortex,  and  it  is  possible  that 
the  so-called  motor  area  itself  participates  in  these  psychical  ante- 
cedents. But  what  may  be  said  with  confidence  is  that  the  im- 
mediate origin  of  the  outgoing  motor  impulse  lies  in  the  area  along 
the  anterior  margin  of  the  central  sulcus  of  Rolando,  which  con- 
tains the  foci,  so  to  speak,  into  which  all  accessory  processes  are 
gathered,  so  far  as  they  affect  our  muscular  acts,  and  from  which 
emerge  the  actual  efferent  stimuli  to  the  different  muscles. 

^  •Gushing,    "American   Journal   of   Physiology,"    1909    ("Proc.   Amer. 
Phyool.  Soc.^'). 


CHAPTER  X. 

THE  SENSE  AREAS  AND  THE  ASSOCIATION  AREAS  OF 

THE  CORTEX.  | 

The  delimitation  of  the  sensory  areas  in  the  cortex  is  a  matter 
of  VQvy  cotusiderable  difficulty,  owing  partly  to  the  fact  that  the 
determination  of  the  presence  or  absence  of  certain  states  of  con- 
sciousness in  the  animal  or  person  under  observation  cannot  be 
made  except  by  indirect  means,  and  partly  no  doubt  to  the  fact 
that  the  organization  of  the  sensorj^  mechanism  in  the  brain  is 
more  complex  antl  diffuse  than  in  the  case  of  the  motor  apparatus* 
Moreover^  tlie  distinction  Ijetween  what  we  may  call  simple  sensa- 
tions and  the  more  complex  psychical  representations  and  judg- 
ments of  which  these  sensations  fomi  a  necessan^  constituent  can- 
not be  matle  clearly,  even  by  the  individual  in  whom  the  reactions 
occur.  We  recognize  in  ounselves  different  stages  in  the  degree  of 
consciousness  aroused  by  sensorj'  reactions.  Our  visual  and 
auditor}^  sensations  are  clearly  differentiatal;  but  many  of  the 
lower  senses  escape  recognition  in  the  individual  himself,  since  the 
Bttite  of  consciousne^ss  accompanying  them  Is  of  a  lower  order. 
Our  muscular  sensations,  for  instance,  are  so  indefinite  as  to  be 
practically  subconscious.  They  are  most  important  to  us  in  evei)'  - 
act  of  our  lives,  yet  the  uninformed  peraon  is  imconscioiis  of  the  ■ 
existence  of  such  a  sensation,  and  if  deprived  of  it  would  recopiixe  T 
the  defect  only  in  the  consequent  loss  of  contr'ol  of  the  voluntJiry 
muscular  movements.  In  the  attempts  to  determine  in  w4iat  part 
of  the  brain  the  various  sensations  are  mediated  eveiy  possible 
method  of  inquiry  has  been  used  :  the  anatomical  course  of  the 
sensory  paths,  physiological  experiments  of  stimulation  and  ablation, 
antl  observations  upon  individuals  with  pathological  or  traumatic! 
lesions  in  the  brain.  The  results  of  these  investigations  are  pr^ 
sented  briefly  in  the  following  pages.  It  may  be  helpful  in  con- 
sidering these  results  to  bear  in  mind  the  fundamental  physiological 
conception  that  each  specialized  sense  is  supposed  to  have  its  own 
set  of  nerve  fibers.  These  fibers  after  entering  tlie  cord  in  tb^ 
spinal  nerves,  or  the  brain  in  the  cranial  nerves,  are  assumed  t0 
follow^  different  hitercentral  paths,  which  eventually  terminate  to 
the  cortex  of  thi^  ctTcbrum.  The  attempts  made  to  localize  thes^ 
senses  in  the  cortex  rt^luce  themselves  practicaUy  to  a  considera- 
tion of  the  location  of  the  termini  of  the  several  tracts.     Invest;; 

198  ■ 


I 


( 


SENSE    AREAS   AND    ASSOCIATION   AREAS.  199 

gations  made  so  far  indicate  that  these  termini  are  located  in 
different  r^ons,  and  that  destruction  of  any  terminus  has,  of 
course,  the  same  efifect  upon  the  corresponding  sense  as  destruction 
of  the  tract  in  any  part  of  its  course.  If  we  go  beyond  this  point, 
and  endeavor  to  say  what  part  of  the  complex  mental  activity  asso- 
ciated with  each  kind  of  sensory  reaction  is  mediated  by  the  cells 
located  in  these  termini,  we  are  met  at  once  with  difficulties  which, 
at  present,  cannot  be  overcome.  Each  terminus  is  connected  by 
association  fibers  with  various  other  parts  of  the  cortex,  and  this 
whole  complex  of  neurons  is  concerned  no  doubt  in  the  psychical 
reactions  aroused. 

The  Body-sense  Area. — In  his  early  experiments  Munk 
insisted  that  lesions  of  the  cortex  involving  the  area  around  the 
central  sulcus  are  accompanied  by  a  state  of  anesthesia  on  the 
other  side  of  the  body,  hemianesthesia,  particularly  as  regards 
the  tactile  and  muscular  sensations.  It  is  not  necessary,  perhaps, 
to  go  into  the  details  of  the  long  controversy  that  arose  in 
connection  with  this  point.  Both  the  clinical  and  the  experi- 
mental evidence  has  been  contradictory  in  the  hands  of  different 
observers,  but  the  tendency  of  recent  studies  has  been  to  show, 
as  stated  above,  that,  whereas  the  motor  areas  lie  anterior  to 
the  central  sulcus,  the  sensory  areas  concerned  with  the  cutaneous 
Mid  muscular  sensations  extend  posterior  to  this  sulcus.*  Posi- 
tive cases  are  recorded  in  which  lesions  involving  the  anterior 
central  convolutions  were  accompanied  by  paralysis  on  the 
other  side,  hemiplegia,  without  any  detectable  disturbance  of 
^nsibility,  and,  on  the  other  hand,  lesions  have  been  described 
in  the  posterior  central  and  neighboring  parietal  convolutions 
m  which  there  was  a  hemianesthesia  more  or  less  distinctly 
marked  without  any  paralysis.  As  stated  above.  Gushing,  f 
m  his  report  upon  the  stimulation  of  the  cortex  in  two  conscious 
patients,  states  that  no  sensations  were  aroused  by  stimuli 
applied  to  the  anterior  central  convolution,  while  stimulation 
of  the  posterior  convolution  aroused  distinct  sensations  of 
iiumbness  and  of  touch.  Such  cases  tend  to  support  the  view 
that  the  motor  and  body  sense  areas,  although  contiguous,  do 
iiot  overlap.  Regarding  the  sensory  defects  associated  with 
fesions  of  the  parietal  lobe  posterior  to  the  central  sulcus  (pos- 
terior central  convolution,  supramarginal,  superior,  and  possibly 
mferior  parietal  convolutions),  it  seems  probable  that  they 
mvolve  chiefly  the  muscular  sense,  pressure  and  temperature 
*Q8e,  and  the  judgments  or  perceptions  based  upon  these 
seqsations,  while  the  sense  of  pain  is  affected  but  little,  if  at  all. 
Monakow  gives   the  order  in  which   sensory  defects   manifest 

•Consult  Monakow,  "Ergebnisse  der  Physiol.,"  1902,  vol.  i,  part  i,  p.  621. 
tCushing,  Ice.  cit. 
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themselves  after  such  lesions,  as  follows:  The  localizing  and  mufl 
senses  are  chiefly  affected,  in  fact,  almost  lost  on  the  opp)osite  A 
the  temperature  and  pressure  sense  may  be  affected,  while  i 
pain  sense  is  retained  or  but  slightly  affected.  The  clinicians  hi 
observed  that  the  most  positive  and  invariable  symptom  of  lesil 
in  this  region  is  a  condition  of  astereognosis,  that  is,  a  diminu(| 
in  what  may  be  called  the  stereognostic  perceptions.  By  steri 
nostic  perception  is  meant  the  power  to  judge  concerning  the  fQ 
and  consistency  of  external  objects  when  handled,  and  it  must 
regarded  as  a  perception  based  upon  localized  sensations  of  tou 
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Fig.  W>. — Schema  repra»«ntin2  the  onsii]  und  course  of  the  fibers  of  the  tnediaa  fillet,- 
in tenant  rat  paths  of  the  fiben  of  body  9eix»e. 

together  perhaps  \^ith  those  of  temperature  and  myscular  t 
eibility.  On  the  whole,  therefore,  we  must  infer  that  the  cortea 
this  postcentral  area  is  concerned  with  the  sensations  of  press* 
temperature,  and  muscular  conditions,  and  especially  the  hij 
type  of  these  sensations,  which  we  can  project  or  localize  accural 
This  conclusion  is  strengthened  by  the  fact  that,  as  describd 
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Jbe  next  paragraph,  the  fibers  of  the  lemniscus  terminate  in  this 
ftm  region.  Secondly,  in  this  region  tliere  are  mediated  also 
possibly  some  of  the  sjTitheses  and  assooiations  of  these  sensations, 
which  we  designate  as  perceptions  or  jiidgments,  and  it  is  possible 
that  injuries  or  defects  here  may  be  foUowed  by  an  impainnent  of 
these  higher  perceptive  reactions,  without  any  definite  loss  of  sen- 
sibility in  the  skin.  Such  a  defect  falls  under  the  general  head  of 
agnosia,  and  is  illustrated  by  the  eonthtion  of  astereognosis  re- 
ferred to  al>ove,  which  iiught  be  define<l  as  chiefly  a  tactile  agnosia. 
The  part  of  the  cortex,  if  any,  in  which  the  tract  of  pain  fibers  makes 
hs  finid  t^Ttninus  has  not  been  definitely  Iocalize<L 

The  Histological  Evidence* — Course  of  the  *^  Lemniscus*" — 
On  the  histological  side  there  is  very  strong  corroborative  evi- 
^nce  far  the  view  that  cortical  centers  for  the  sensory  fibers 
o|  the  akin  and  muscles  lie  in  the  parietal  lobe  in  the  region  in- 
Seated  above.     This  evidence  is  connected  wath  the  path  taken 


'*  t^rQ»-ieetion  throu^  eiidbnun  (Kailiker)  i  ,.   position  of  the  lenmLBmia 

iX*.  JL):    iVf,  The  md  nuoleua;  Sn,  the  subataatia  niicim;  f  p,  the  peduncle. 

ty  the  sensory  fibers  in  the  cord,  especially  those  of  the  pos- 
Wor  funiculi,  after  ending  in  the  nucleus  of  the  funiculus  gra- 
^iis  aod  the  nucleus  of  the  funiculus  cuneatus  of  the  medulla. 
Tliispath  is  represented  in  a  schematic  way  in  the  accompanying 
iagnun  (Fig.  90),  The  second  sensory  neurons  arise  in  the 
ludei  mentioned.  For  the  most  part,  at  least,  these  new  neu- 
ms  niD  ventrally,  as  internal  arcuate  fibers,  croiis  the  mid-line, 
id  then  pass  forward  or  anteriorly.  The  crossing  occurs  mainly 
Bi  in  front  of— that  is,  cephalad  to — the  pyramidal  decu.'isa* 
»V  forming  thus  a  sensory  decussation  (decussation  of  the 
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lemniscus),  wliich  explains  the  crossed  sensory  control,  as  the 
pjTamidal  decussation  explains  the  crossed  motor  control  of 
the  cerebrum  in  relation  to  the  body.  After  this  decussatioa 
the  sensor}^  fibers  form  a  longitudinal  bundle  on  each  side  known 
as  the  median  fillet  or  ieinniscus,  which  in  the  pons  lies  just 
dorsal  to  the  pyramidal  S3'stem  of  fibers. 

The  lemniscus  fibers  may  be  traced  forward  (see  Fig.  91)  « 
far  as  the  superior  colliculus  of  the  corpora  quadrigemina  and 
the  thalamus,  the  important  termination  being  in  the  thalamus 
{ventral  or  lateral  nucleus).  Those  neurons  that  end  in  th« 
thalamus  are  continued  forward  by  a  third  set  of  neurons,  which 
end  in  the  parietal  lobe  of  the  cerebrum  (see  Fig.  82,  C).  On  iU 
way  through  the  medulla  and  pons  the  lemniscus  is  believed  to 
receive  accessions  of  sensory  fibers  from  the  sensory  nude!  of 
the  cranial  nerves  of  the  opposite  side.  The  course  of  the  lem- 
niscus has  been  traced  by  various  means*  but  especially  by  ibt 
method  of  inyelinization  during  end)ryonic  life  and  by  degenerv 
tion  consequent  upon  long-standing  disuse.  .\s  was  stat^ed  la 
the  section  upon  Nerve  Degeneration,  injury  to  an  axon  if 
followed  quickly  by  degeneration  of  the  peripheral  end,  and 
much  more  slowly  by  a  degeneration  of  the  central  end  and  tbt 
nerve  cell  itself,  when  the  path  is  not  again  established.  Certaitt 
long-standing  cystic  lesions  (porencephaly)  in  the  parietal  cor- 
tex have  resulted  in  an  atrophic  degeneration  of  the  lemniscus 
fibers,  thus  adding  materially  to  the  evidence  that  this  sensory 
tract  ends  eventually  in  the  region  indicated.*  Further  evideaofi 
of  the  same  character  is  fimnd  in  the  observations  made  by 
Campbellt  upon  cases  of  tal>es  dorsalis.  The  lesion  in  such  cases 
is  in  the  posterior  funiculi  of  the  spinal  cord,  but  eventually 
the  whole  upward  path  is  affected  and  degenerative  changes  aW 
found  in  the  cells  of  the  posterior  central  convolution. 

From  the  connections  of  the  lemniscus  with  the  tracts  of  the 
posterior  funiculi  of  the  cord  it  is  evident  that  it  forms  oW 
pathway  at  least  for  the  fillers  of  muscle  sense.  Whether  or  not 
the  fibers  of  pressure,  pain,  and  temperature  take  the  same  routi 
is  not  known,  but  it  seems  probable,  at  least,  from  t!ie  known 
connections  of  the  lemniscus  with  the  sensory  nuclei  of  tb6 
cranial  nerves  and  with  the  sensory  tracts  of  the  lateral  as  irtB 
as  the  posterior  funiculi  of  the  cord.  The  lemniscus  enJ> 
chiefly  in  the  thalamus,  before  passing  on  to  the  cortex,  »wl 
here,  as  in  other  sindlar  cases,  we  have  the  possibility  that  th* 
lower  centers,  in  addition  to  the  reflex  connections  which  they 
make,  may  mediate  also  some  form  of  conscious  reaction. 
While  the  general  tendency  has  been  to  confine  the  consciooi 

♦Hftsel,   ''Archiv  f.   Pgychiatrie/*  24,   452,    1892. 

t  f*umpbcli  *  Histological  Studies  on  Locali^tion  of  Cerebral  Functiona," 
Cambridge,  1905, 


SENSE    AREAS   AND   ASSOCIATION    AREAS.  203 

quality  of  the  central  reactions  to  the  cortex,  there  is  no  proof 
that  the  lower  centers  are  entirely  lacking  in  this  property. 
In  Goltz's  dog  without  cerebral  cortex,  for  instance,  the  animal 
winded  to  various  sensory  stimuli,  and  when  hungry  gave 
evidence,  so  far  as  his  actions  were  concerned,  of  experiencing 
fte  sensations  of  hunger;  but  whether  or  not  these  actions  were 
lasociated  with  conscious  sensations  is  hidden  from  us,  and  we  can 
K^  to  arrive  at  positive  conclusions  upon  this  point  only  by  obser- 
vations upon  man  himself. 

The  Center  for  Vision. — ^The  location  in  the  cortex  of  the 
pneral  area  for  vision  has  been  established  by  anatomical,  physio- 
Dgical,  and  clinical  evidence.  The  physiologists  have  experimented 
Uefly  by  the  method  of  ablation.  Munk,  Ferrier,  and  later  ob- 
erveiB  have  foimd  that  removal  of  both  occipital  lobes  is  followed 
y  drfects  in  vision.  According  to  Munk,  removal  of  both  occip- 
tal  lobes  is  followed  by  complete  loss  of  visual  sensations,  or,  as  he 
xpresses  it,  by  cortical  blindness.  Goltz,  however,  contends  that 
a  the  dog  at  least  removal  of  the  entire  cerebral  cortex  leaves 
he  animal  with  some  degree  of  vision,  since  he  will  close  his  eyes 
[  a  strong  light  is  thrown  upon  them.  All  the  experiments  upon 
he  higher  mammals  (monkeys)  and  clinical  experience  upon  man 
end,  however,  to  support  the  view  of  Munk.  Complete  removal 
t  the  occipital  lobes  is  followed  by  apparently  total  blindness, 
if  any  d^ree  of  vision  remains  it  is  not  sufficient  for  recogni- 
ioD  of  familiar  objects  or  for  durecting  the  movements.  In  an 
mimal  in  this  condition  the  pupil  is  constricted  when  light  is 
hrown  upon  the  eye;  but  this  reaction  we  may  regard  as  a  reflex 
hnmgh  the  midbrain,  and  there  is  no  reason  to  believe  that  it  is 
ificompanied  by  a  visual  sensation.  When  the  injury  to  the  occip- 
kal  cortex  is  unilateral  the  blindness  affects  symmetrical  halves  of 
he  two  eyes,  a  condition  known  as  hemiopia.  Destruction  of  the 
ight  occipital  lobe  causes  blindness  in  the  two  right  halves  of  the 
yes,  or,  in  accordance  with  the  law  of  projection  of  retinal  stimuli, 
11  the  two  left  halves  of  the  normal  visual  field  when  the  eyes 
«  fixed  upon  any  object.  Destruction  of  the  left  occipital  lobe 
J  foUowed  by  blindness  in  the  two  left  halves  of  the  retinas  or  the 
ight  halves  of  the  visual  field.  This  result  of  physiological  ex- 
ttiments  is  borne  out  by  clinical  experience.  Any  unilateral 
ijuiy  to  the  occipital  lobes  is  followed  by  a  condition  of  hemiopia 
lore  or  less  complete  according  to  the  extent  of  the  lesion.  Obser- 
ition,  however,  has  shown  that  this  general  symmetrical  relation 
»  one  interesting  and  peculiar  exception.  The  most  important 
«i  of  the  retina  in  vision  is  the  region  of  the  fovea  centralis, 
lose  projection  into  the  visual  field  constitutes  the  field  of  direct 
central  vision.  It  is  said  that  the  hemiopia  caused  by  unilateral 
ions  of  the  cortex  does  not  involve  this  part  of  the  retina. 
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The  Histological  Evidence. — The  histological  results  s| 
ment  in  a  very  satisfactory  way  the  findings  from  pliysiolog 
pathology-  The  retina  itself,  considered  from  'an  enibryoi 
standpoint,  is  an  outgrowth  from  the  brain  vesicles,  and  is  1 
fore  an  outlying  portion  of  the  central  nervous  ^^stem.  The 
fibers,  in  terms  of  the  neuron  doctrine,  must  be  considen 
axons  of  the  ner%'e  cells  in  the  retina.  If,  therefore,  an  eye  ii 
cleated  or  an  optic  nerve  is  cut  the  fibers  connected  witl 
brain  undergo  secondary  degeneration  and  their  courBe  d 
traced  microscopically  to  the  brain.  By  this  means  it  has 
shown  that  in  man  and  the  naanimalia  there  is  a  partial  i 
sation  of  the  optic  fibers  in  the  chiasma.  The  fibers  froi 
inner  side  of  each  retina  cross  at  this  point  to  the  opposite 
tract;   those  from  the  outer  side  of  the  retina  do  not  deca 
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Fig.  92,'^Diagram  to  indicate  thi*  Rsueml  rours*  of  ihi*  fibers"  of  the  optic  SOTVii 
bilntemt  connoction  betweieti  «H»rtex  and  retinm.  i 

but  pass  into  the  optic  tract  of  the  same  side.     The  fibers  ( 

optic  tract  end  mainly  in  the  gray  matter  of  the  lateral  gi 
late  body^  but  some  pass  alf^o  to  the  thalamus  (pulvinaij 
some  to  the  superior  eolliculus  of  the  corpora  quadrige 
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These  locations,  therefore,  particularly  the  lateral  geniculates, 
must  be  considered  as  the  primary  optic  centers.  From  these 
paints  the  path  is  continued  toward  the  cortex  by  new  neurons 
▼hose  axons  constitute  a  special  bundle,  the  occipitothalamic 
radiation,  lying  in  the  occipital  part  of  the  internal  capsule 
(see  Fig.  82,  D).  A  schema  representing  this  course  of  the 
optic  fibers  is  given  in  the  accompanying  diagram  (Fig.  92). 
According  to  this  schema,  the  general  relations  of  each  occipital 
lobe  to  the  retinas  of  the  two  eyes  is  such  that  the  right  occip- 
ital cortex  represents  the  cortical  center  for  the  two  right  halves 
of  the  retinas,  while  the  left  occipital  lobe  is  the  center  for  the 
two  left  halves  of  each  retina, — a  relation  that  agrees  completely 
with  the  results  of  experimental  physiology  and  clinical  studies. 
In  addition  to  the  fibers  described,  which  may  be  regarded  as 
the  visual  fibers  proper,  there  are  other  fibers  in  the  optic  tracts 
Mid  optic  nerves  whose  physiological  value  is  not  entirely  clear. 
The  fibers  of  this  kind  that  have  been  described  are:  (1)  Inferior 
or  Gudden's  commissure.  Fibers  that  pass  from  one  optic  tract 
to  the  other  along  the  posterior  border  of  the  chiasma.  These 
fibers  form  a  commissural  band  connecting  the  two  internal 
(or  median)  geniculate  bodies,  and  possibly  also  the  inferior 
colliculi.  It  seems  probable  that  they  belong  to  the  central 
auditory  path  rather  than  to  the  visual  system.  (2)  Fibers 
passing  from  the  chiasma  into  the  floor  of  the  third  ventricle. 
The  further  course  of  these  fibers  is  not  clearly  known,  but  it  is 
possible  that  they  make  connections  with  the  nuclei  of  the  third 
nerve.  They  will  be  referred  to  in  the  section  on  Vision  in  con- 
nection with  the  light  reflex  of  the  iris.  (3)  A  superior  com- 
missure. Several  observers  have  claimed  that  there  is  a  com- 
missural band  along  the  anterior  margin  of  the  chiasma  which 
connects  one  optic  nerve  or  retina  with  the  other. 

There  are  many  points  in  connection  with  the  course  of  the 
optic  fibers  and  the  physiology  of  the  different  parts  of  the  occip- 
ital cortex  which  are  unknown  and  require  further  investigation. 
Some  of  these  points  may  be  referred  to  briefly. 

The  Amount  of  Decussation  in  the  Chiasma. — ^According 
to  the  schema  given  above,  half  of  the  fibers  in  each  optic  nerve 
decussate  in  the  chiasma.    There  is,  however,  no  positive  proof 
that  the  division  of  the  fibers  is  so  synunetrically  made.    In  the 
bwer  vertebi^tes, — ^fishes,  amphibia,  reptiles,  and  most  birds — 
the  crossing  is  said  to  be  complete,  while  in  the  manunalia  a  certain 
proportion  of  the  fibers  remain  in  the  optic  tract  of  the  same  side. 
In  a  general  way,  it  would  appear  that  the  higher  the  animal  is 
ia  the  scale  of  development  the  larger  is  the  number  of  fibers  that 
do  not  cross  in  the  chiasma.    At  least  it  is  true  that  a  larger  num- 
ber remain  uncrossed  in  man  than  in  any  of  the  mammalia,  and  it  is 
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also  possible  or  probable  that  the  extent  of  decussation  in 
shows  iiidi\ddual  tlifferenccs.     There  seems  to  be  no  aeeeptahBi^ 
suggestion  regarding  the  physiological  value  of  this  partial  de 
sation  other  than  that  of  a  probable  relation  to  binoeular  visioiu  | 
has  been  used  to  explain  the  physiological  fact  that  siniulta 
stimulation  of  symmetrical  points  in  the  two  retinas  gives ' 
single  visual  sensation. 

The    Projection    or    Localization    of   the    Retina   on 
Occipital  Gortex.^It  would  seem  most  probable  that  the 
from  each  spot  in  the  retina   teiTninnte   in   a   definite   re^on 
the  occipital  coiiex,  and  attempts  liave   been    made    by   var 
methods  to  determine  tliis  relation.     According  to  Henschen.*! 


•u. 


A. 


y 


FiK.  03. — Perimeter  fielda  in  auiidtfuit  liiO[DLLanc»piii.  The  outline  of  the  vwuil  L 
b  givt-D  liy  th<!  dotted  tines.  Blindii^  in  tbe  left  upp«r  quftdr&ntft;  cortiedi  Irttoa  a  i 
below  the  ealcarine  fiHuns  (Ukea  from  Bflevor  and  Collier). 

visual  paths  in  man  end  around  the  calc^me  fissure  on  the  me 

surfaee  of  the  brain,  and  this  portion  of  the  occipital  lobe  sho 

be  regardeii  2^  the  true  cortical  cent€*r  for  vision,  the  reraaind 

of  the  occipital  cortex  being  p<*rhaps  the  seat  of  visual  memo 

or  associatioas.    There  seems  to  be  much  evidence,  indeed,  that  t 

immediate  ending  of  the  optic  paths  lies  in  this  region.    Thu 

Donaldson t    found ,    ujKjn   examination    of   the   brain   of 

Bridgman,    the    blind    deaf-nmte,    that    the    cuneus    especi* 

showed  marked  atrophy,  and  Flechsig4  by  means  of  the  myelin 

tion  method^  arrived  at  the  conclusion  that  the  optic  fibers  < 

chiefly  along  the  margin  of  the  ealcarine  fissure.     Clinical 

are  frequently  qoot^^d  in  which  lesions  of  the  region  of  the  calcaritt 

fissure  were  followed  by  a  more  or  less  complete  hemianopia.   \ 

as  seems  to  l*e  the  most  common  occurrence,  sueh  lesions 

above  the  fissure,  in  the  cuneus,  or  below  the  fissure,  in  the  g>T 

Ungualis,   the   resulting   hemiopia   is    confined  to  cont^pond 

•  Henachen,  *'  Brain,"  1S93,  170. 

t  Donaldson,  '*  American  Journal  of  Psychology,"  1892,  4, 

t  Flechaig,  *'  Localisation  der  geiatigen  Vorgange,'-  Leipzig,  1896. 
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quadrants  of  the  retina,  and  is  designated  frequently  as  quadrant 
bemianopia  (see  Fig.  93).   It  has  been  assumed  that  the  fibers  from 
the  fovea  end  perhaps  in  the  fissure  itself — according  to  some 
authors  (Henschen),  along  the  anterior  third  of  the  fissure,  according 
toothers  (Schmid  and  Laqueur*)  along  the  posterior  portion  of  the 
fissure.     Moreover,  since  unilateral  lesions  in  this  region,  however 
extensive,  do  not  cause  complete  blindness  in  the  fovea,  it  has 
been  supposed  that  this  important  part  of  the  retina  is  bilaterally 
represented  in  the  cortex,  so  that  complete  foveal  blindness — 
that  is,  blindness  of  the  centers  of  the  visual  fields — can  only 
occur  when  both  occipital  lobes  are  injured  in  the  region  of  the 
ealcarine  fissure.    While  the  general  opinion  seems  to  be  that  this 
last-named  region  is  the  main  cortical  ending  of  the  retinal  fibers, 
especially  of  those  arising  from  the  foveal  area,  other  observers 
contend  that  the  entire  occipital  cortex,  lateral  as  well  as  mesial 
surfaces,  must  be  regarded  as  the  cortical  termination  of  the 
visual  paths,  and  that  even  the  foveal  portion  of  the  retina  is  con- 
leeted  with  a  wide  area  in  this  lobe.     Those  who  hold  this  view 
explain  the  known  fact  that  lesions  in  the  region  of  the  ealcarine 
Sssure  give  the  most  permanent  condition  of  hemiopia,  on  the 
view  that  these  lesions  involve  the  underlying  fibers  of  the 
oecipitothalamic    radiation.     Monakow,t  for  instance,    points 
out  that  while  extensive  lesions  of  the  occipital  cortex  on  both 
sides  leave,  with  a  few  exceptions,  some  degree  of  central  vision, 
no  cases  are  reported  of  cortical  lesions  involving  only  or  mainly 
the  vision  in  the  macular  region.     He,  therefore,  argues  that 
while  the  paths  from  the  retina  to  the  lower  visual  centers 
(lateral  geniculate)    may  be  isolated,  the  further  connections 
with  the  cortex  must  be  widespread.     The  cortical  center  for 
distinct  vision  according  to  this  view  is  not  limited  to  a  narrow 
area,  but  must  involve  a  large  region  in  the  occipital  cortex. 
It  is  difficult  to  reconcile  this  view  with  the  ideas  of  isolated 
conduction  and  specific  function  of  each  part  of  the  cortex.     Some 
additional  facts  of  interest  have  been  obtained  from  experiments 
involving  the  stimulation  of  the  occipital  cortex.     Stimulation 
erf  this  kind  causes  movements  of  the  eyes,  and  the  movements 
▼ary  with  the  place  stimulated,  t    Stimulation  of  the  upper  border 
of  the  lobe  causes  movements  of  the  eyes  downward,  stimulation 
of  the  lower  border  movements  upward,  and  of  intermediate  regions 
movements  to  the  side.     Assuming  that  the  direction  of  the  move- 
ment is  toward-that  part  of  the  visual  field  from  which  a  normal 
risual  stimulus  would  come,  it  is  evident  that  movements  of  the 

•Schmid  and  Laqueur,  "  Virchow's  Archiv,"  158,  1900. 

t  Monakow,  loc.  cit.,  also  "Ergebnisse  d.  Physiologie,"  1907. 

t  Schafer,  "Brain,''  11,  1,  1889,  and  13,  165,  1890. 
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eyes  downward  would  imply  stimulation  of  the  upper  half  of  th 
retina,  since  objects  in  the  lower  part  of  the  ^  isual  field  form  thd 
image  on  the  upper  half  of  the  retina.  This  fact,  that  stimulatia 
of  the  occipital  cortex  causes  definite  movements  of  the  eyebatt 
seems  to  imply  that  there  are  efferent  fibers  in  the  occipitotba! 
amic  radiation  ruiining  from  the  occipital  cortex  to  the  midbraii 
where  they  make  conneetioiLS  with  the  motor  nuclei  of  the  thiit 
fourth,  and  sixth  cranial  nerves. 

The  Function  of  the  Lower  Visual  Centers.— The  first  endin 
of  the  optic  fibers  lies  in  the  lateral  geniculate  and  to  a  less€ 
extent  in  the  thalamus  and  superior  coUiculus.  It  m  conceiii 
able,  of  course,  that  some  degree  of  visual  sensation  may  b 
mediated  through  these  centers.  Goltz  observed  that  in  dog 
with  the  cerebrum  removed  the  animals  showed  a  constrictio 
of  the  pupils  when  a  bright  light  wEvS  tlirown  upon  the  eyes  c 
even  closed  the  eyes.  It  is  the  general  belief  that  reactions  < 
this  kind  are  mechanical  reflexes  accompanied  by  no  high* 
psychical  reaction  than  in  the  case  of  spinal  reflexes,  Tl 
existence  in  the  midbrain  of  the  motor  nuclei  of  the  third  ner\" 
and  of  the  medial  longitudinal  fasciculus  through  which  coi 
nections  are  established  %vith  the  motor  nuclei  of  other  crani 
nerves,  furnishes  us  with  a  possible  reflex  arc  through  which  1 1 
visual  impulses  brought  into  the  lower  optic  centers,  especiaK 
the  superior  coUiculus,  may  cause  co-ordinated  movements  i 
the  eyes  or  of  the  head.  Usually  it  is  assumed  that  consciai 
visual  sensations,  and  especially  visual  associations  and  men 
ories,  are  aroused  only  after  the  impulses  reach  the  occipitJ 
cortex.  In  the  fishes  the  midbrain  forms  the  final  ending  of  tb 
optic  fibers,  and  in  these  animals,  therefore,  whatever  psychic* 
activity  accompanies  tlie  visual  processes  must  be  mediated 
through  this  portion  of  the  brain.  In  the  higher  animals,  how- 
ever, the  development  of  a  cerebral  cortex  is  followed  by  tta 
evolution  of  the  occipitothalamic  radiation,  and  as  the  connee- 
tions  of  the  occipital  cortex  increase  in  importance,  those  of  th*- 
midbrain  (with  the  optic  fibers)  dwindle  correspondingly.  Here, 
as  in  other  cases,  the  psychical  activity  is  concentrated  in  the  por* 
tions  of  the  brain  lying  most  anteriorly,  and  doubtless  the  degree 
of  consciousness  is  greatly  intensified  in  the  higher  animals  in  cor- 
respondence with  the  development  of  the  cerebral  cortex,  whoso 
striking  characteristic  is  its  capacity  to  evoke  a  psychical  reaction. 

The  Auditory  Center. — ^The  location  of  the  auditor}^  area  hai 
been  investigated  along  lines  similar  to  those  used  for  the  visuJ 
center.  The  cx|K3rimental  physiological  work  has  yielded  var\Tii| 
results  in  the  hands  of  different  observers.  Munk  and  Ferria 
placed  the  cortical  center  for  hearing  in  the  temporal  lobe»  aof 
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in  spite  of  negative  results  by  Schaf  er  and  others  this  localization 
has  been  shown  to  be  substantially  correct.  Entire  ablation  of 
both  temporal  lobes  is  followed  by  complete  deafness.  Ablation 
en  one  side,  however,  is  followed  only  by  impairment  of  hearing, 
and  in  the  light  of  the  results  from  histology  and  from  the  clinical 
aide  it  seems  probable  that  the  connections  of  the  auditory  cortex 
with  the  ear  follow  the  general  schema  of  the  optical  system  rather 
than  that  of  the  body  senses.    That  is,  it  is  probable  that  the 

Posterior  nuoleuB. 

Deiler«^«  aucleus. 

EkM-Bid  nuclsus. 
Ventral  nudflus. 


CodileiiLr  bruidi. 


Vettlbuliir  branch. 

SemidrcuUr 
canals. 

Scarpa's  ganiiiaa. 
Cochlea. 
■  Spiral  ganglion. 
Fif.  94.— The  medullary  nuclei  of  the  eighth  nerve. — (From  Poireer  and  Charpy.) 

auditory  fibers  from  each  ear  end  partly  on  the  same  side  and 
partly  or  mainly  on  the  opposite  side  of  the  cerebrum.  The  exact 
portion  of  the  temporal  lobe  that  serves  as  the  cortical  terminus 
of  the  auditory  tract  of  fibers  cannot  be  determined  with  certainty, 
but  it  seems  probable  that  it  lies  mainly  in  the  superior  temporal 
Orrus  and  the  transverse  gyri  extending  from  this  into  the  lateral 
fissure  of  the  cerebrum  (fissure  of  Sylvius). 

The  Histological  Evidences, — On  the  histological  side  the  paths 
of  the  auditory  fibers  have  been  followed  with  a  large  measure  of 
success,  although  in  many  details  the  opinions  of  the  differ- 
ent investigators  vary  considerably.       The  eighth  cranial  nerve 
14 
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springs   from  the  bulb   by   two   roots;    the    external    an^ 

internal.  The  former  has  been  shown  to  supply*  mail 
least,  the  cochlear  portion  of  the  internal  ear,  and  is, 
fore,  the  auditory  nerve  proper.  This  division  is  spoh 
as  the  cochlear  branch.  The  internal  root  supplies  q 
the  vestibular  branch  of  the  internal  ear,  and  is,  thej 
spoken  of  as  the  vestibular  branch  (see  Fig.  94).  It  seert 
tain  that  the  latter  is  not  an  auditory  nerve,  but  is  com 
with  peculiar  sensations  from  the  semicircular  canals  and  vei 
that  have  an  important  influence  on  muscular  activity,  esp 
in  complex  movements.  The  central  course  of  these  two  n 
quit^  as  distinct  as  their  peripheral  distribution. — a  fact  that 
out  the  supposition  tliat  they  mediate  different  fimctions. 
vastibidar  branch  ends  in  the  nucleus  of  Deit-ers,  the  nucl 
Bechterew,  and  the  nucleus  fjisti^ii  of  the  cerebellum,  Tl 
these  nuclei  reflex  connections  are  made  with  the  mot43r  c 
of  the  cord  and  midbrain,  and  probably  also  with  the  cereh 
The  path  is  not  known  to  tie  continued  lorward  to  the  cere 
The  central  coui-se  of  the  cochlear  branch  is  indicated  schema 

in  Figs.  94  and  95. 
fibers  const itutinj 
branch  ai'ise  from 
cells  in  the  modiol 
the  cochlea, — the 
ganglion.  These 
like  those  in  the  ] 
rior  root  ganglia^  a 
polar.  One  axon  1 
peripherally  to 
around  the  sense 
of  the  cochlea,  at ' 
point  the  sound  1 
sifouse  the  nervi 
pulses.  The  other 
pasties  toward  the 
forming  one  of  the 
of  the  cochlear  bi 
On  entering  the 
these  cochlear  bra 
end  in  two  nuclei 
lying  ventral  to  th 
tiforni  botly  and  I 
as  the  ventral  or  , 
sort'  nucleus  (V.n 
95),  and  one  dorsally,  known  as  the  dorsal  nucleus  or  the 
culum  acusticum  (Dm.).    From  these  nuclei  the  path  is  coal 


ilg.  fi&. — Drngram  to  show  central  eoul^^  of 
MUStory  KlberH  i  ruodiJietl  fixmi  Vnn  Grfiurhii^): 
D.n,^  twrsaJ  fiut'lputt  kiviiik  rise  to  Ih*'  tibera  tliat 
font!  rlip  (nedullAry  wtrui'  fo.a.)-  \t\n.,  thi*  ventral 
nucleu((,  f$ivini<  Mrijtin  to  th<?  f»berw  of  nhe  corpus 
trapcBoiiteurij  UJr)',  *.u.,  !>upen«r  olivarj-  ijueUust: 
l.f,,  LatctraJ  lemniectiif:  n.n.,  nurleu!»  of  tlie  lateru 
lemnitMCUJ^;  ^0  i-.»  the  inferior  «:oLliculiii$. 
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by  secondary  sensory  neurons,  and  its  further  course  toward  the 
brain  is  still  a  matter  of  much  uncertainty  in  regard  to  many 
of  the  details.*  The  general  course  of  the  fibers,  however,  is 
known.  Those  axons  that  arise  from  the  accessory  nucleus  pass 
mainly  to  the  opposite  side  by  slightly  different  routes  (Fig.  95). 
Some  strike  directly  across  toward  the  ventral  side  of  the  pons, 
forming  a  conspicuous  band  of  transverse  fibers  that  has  long 
been  known  as  the  corpus  trapezoideum;  others  pass  dorsally 
around  the  restiform  body  and  then  course  downward  through 
the  tegmental  region  to  enter  the  corpus  trapezoideum.  The 
fibers  of  this  cross  band  end,  according  to  some  observers,  in 
certain  nuclei  of  gray  matter  on  the  opposite  side  of  the  pons, 
especially  in  the  superior  olivary  body  and  the  trapezoidal 
nudeus,  and  thence  the  path  forward  is  continued  by  a  third 
neuron.  Certainly  from  the  level  of  the  superior  olivary  body 
the  auditory  fibers  enter  a  distinct  tract  long  known  to  the  anat- 
omist and  designated  as  the  lateral  fillet  or  lateral  lemniscus. 
Authors  differ  as  to  whether  the  auditory  fibers  of  this  tract  arise 
from  nerve  cells  in  the  superior  olivary  and  neighboring  nuclei, 
or  are  the  fibers  from  the  accessory  nucleus  which  pass  by  the 
superior  olivary  body  without  ending  and  then  bend  to  run  for- 
ward in  a  longitudinal  direction.  This  last  view  is  represented 
in  the  schema  (Fig.  95).  The  secondary  sensory  fibers  that 
arise  in  the  tuberculum  acusticum  pass  dorsally  and  then 
tomsversely,  forming  a  band  of  fibers  that  comes  so  near  to  the 
surface  of  the  floor  of  the  fourth  ventricle  as  to  form  a  structure 
visible  to  the  eye  and  known  as  the  medullary  or  auditory  striae. 
The  fibers  of  this  system  dip  inward  at  the  raph6,  cross  the 
mid-line,  and  a  part  of  them  at  least  eventually  reach  the  lateral 
lemniscus  of  the  other  side  either  with  or  without  ending  first 
Mound  the  cells  of  the  superior  olivary  nucleus.  According  to 
the  description  of  some  authors,  the  fibers  from  the  accessory 
nucleus  and  tuberculum  acusticum  do  not  all  cross  the  mid-line 
to  reach  the  lateral  lemniscus  of  the  other  side;  some  of  them 
pass  into  the  lateral  lemniscus  of  the  same  side;  so  that  the 
relations  of  the  fibers  of  the  cochlear  nerves  to  the  lateral  lemnis- 
cus resemble,  in  the  matter  of  crossing,  the  relations  of  the  optic 
fibers  to  the  optic  tract.  After  entering  the  lateral  lemniscus 
the  auditory  fibers  pass  forward  toward  the  midbrain  and  end 
in  part  in  the  gray  matter  of  the  inferior  colliculus  of  the  median 
or  internal  geniculate,  and,  according  to  Van  Gehuchten,  in  a 
small  mass  of  nerve  cells  in  the  midbrain  known  as  the  superior 

♦For  literature,  see  Van  Gehuchten,  "Le  N^vraxe,"  4,  253,  1903,  and 
;  127,  1906. 
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nucleus  of  the  leraniscus.  From  this  second  or  third  termi 
another  set  of  fibers,  the  auditory  rmliation,  continues  foi 
through  the  inferior  extremity  of  the  internal  capsule  to  en^ 
the  riUfierior  temporal  gynm  (see  Fig.  82,  E).  Accordingj 
Fleelisig^*  who  has  studied  the  course  of  these  fibers  ia^ 
embryo  by  the  inyehnization  method,  the  main  group  pa 
from  the  median  geniculates  to  the  transverse  gyri  of  the  tl 
poral  lobe  within  the  lateral  fissure  of  the  cerebrum  (fiai 
of  iSylvius).  The  metlian  geniculates,  in  man  at  least,  h| 
therefore,  the  function  of  a  subordinate  auditory  center,  as  | 
lateral  geniculates  have  the  function  of  a  subordinate  vil 
center.  The  median  geniculates  are  conneetett  with  the  infd 
coUiculus,  and  also,  it  will  be  remembered,  with  each  otherj 
commissural  fibers  (Gudden's  commissure)  that  pass  along  ' 
optic  tracts  and  the  inferior  margin  of  the  chiasma.  ^ 
auditory  path,  therefore,  involves  the  following  structui 
The  spiral  ganglion,  the  cochlear  nerve,  accessory  nucleus  i 
tul>ercu]um  acusticum,  corpus  trapezoideum,  medullary  sd 
superior  olivary,  lateral  lemniscus,  inferior  coUiculus,  meq 
geniculate,  Gudden  s  commissure,  auditory  radiation,  I 
temporal  cortex. 

The  Motor  Responses  from  tJie  Auditory  Cortex.^ — AcconI 
to  Ferrier,  iitimulation  of  the  cortex  of  the  temporal  lobe  (infd 
convolution)  causes  definite  movements,  such  as  pricking 
the  ears  and  turning  of  the  head  and  e^es  to  the  opposite  d 
As  in  the  case  of  the  visual  area,  therefore,  we  must  suppose  ta 
distinct  motor  paths  originate  in  the  auditor}-  region ^  and  il 
natural  tc  suppose  that  these  paths  give  a  means  for  cortical  t4 
movements  following  upon  auditor}'  stimulation. 

The  Olfactory  Center, — The  olf actor}'  sense  is  quite 
equally  devclofied  in  different  mammals.  Broca  di\ided  them 
this  standpoint  into  two  classes:  the  osmatic  and  the  anoes 
group,  the  latter  including  the  cetacea  (whales,  porixnse,  dolpl 
The  Cksmatic  group  in  turn  has  been  divided  into  the  micros] 
and  macrosmatic  animals,  the  latter  class  including  those  ani 
in  wMch  the  sense  of  smell  is  highly  developed,  such  as  the 
and  rabbit,  while  the  former  includes  thone  animals,  such  as 
in  which  this  sense  is  rclati%'ely  nidimentar}%t  The  peripheral 
organ  of  smell  consists  of  the  olfactory  epithelium  in  the  u] 
portion  of  the  nasal  chambers.  The  phxsiology  of  this  organ 
be  considered  in  the  section  on  special  senses.  The  ejrii 
cells  of  which  it  consists  are  com  parable  to  bipolar 
cells.     The  processes  or  hairs  that  project  into  the  nasal  c! 

♦  FlechsiR,  ''Localisation  der  geistigen  VorKriliii^t',"  Leipzig,  1896, 

t  See  Barker,  *'The  NeivousSyatem/'  lS99j  for  refereocea  to  Ui 
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are  acted  upon  by  the  olfactory  stimuli,  and  the  impulses  thus 
aiouaed  are  conveyed  by  the  basal  processes  of  the  cells,  the  olfac- 
tory fibers,  through  the  cribriform  plate  of  the  ethmoid  bone  into 
the  olfactory  bulb. 
The  Olfactory  Bulb  and  its  Connections. — The  olfactory 
I  are  outgrowths  from  and  portions  of  the  cerebral  hemi- 
spheres. Each  bulb  is  connected  with  the  cerebral  hemispheres 
hy  its  olfactory  tract.    The  connections  established  bv  the  fibers 


n  J^  M.— Diagram  of  the  central  course  of  the  olnictory  fibers:  /,  Olfactory  bulb; 

«.  oijiirtory  tract;   ///,  cortex  of  the  hippocampal  lobe  (gyrus  iincinatus);   JV,  anterior 

i;  A,  olfactoiV  epithelial  cells  of  nof 


,  (^factory  portion; 


f  nose  (their  nbers,  olfactory 


Jj^  fibers,  terminate  in  the  glomeruli  of  the  oulb) ;  B,  diomeruJi  ol  olfactory  Sulb  where 
jjj^oi&ctory  fibers  come  in  contact  with  the  dendrites  of  the  mitral  cells;  (7.  mitral  and 
■wedls;  1.  2,  3,  axons  from  the  mitral  cells  constitutin/j  the  fibers  of  the  olfactory 
net  Fibers  3,  which  enter  the  oommissure,  arise,  accordmg  to  some  observers,  from 
aBOfin  the  olfactory  lob«  near  the  base  of  the  tract. 

of  this  tract  are  widespread,  complicated,  and  in  part  incom- 
pletely known.    All  those  portions  of  the  brain  connected  with  the 
sense  of  smell  are  sometimes  grouped  together  as  the  rhinenceph- 
alon.    According  to  von  Kolliker,  the  parts  included  under  this 
designation  are,  in  addition  to  the  olfactory  bulb  and  tract,  Am- 
nion's horn,  the  fascia  den  tata,  the  hippocampal  lobe,  the  fornix,  the 
«eptum  pellucidum,  and  the  anterior  commissure.     The  schematic 
connections  of  the  olfactory  fibers  are  as  follows  (Fig.  96) :  After 
entering  the  olfactory  lobe  the  fibers  terminate  in  certain  globular 
bodies,  the  glomeruli  olfactorii  (fi), whose  diameter  varies  from  0.1  to 
O^mm.    Here  connections  are  made  by  contact  with  the  dendrites 
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of  nerve  cells  of  the  olfaetor}'  lohe,  the  mitral  and  Kirush  cells  (C 
The  axons  of  these  cells  pass  toward  the  brain  in  the  olfactory  trac 
Three  bundles  of  these  fibers  are  distinguished:  (1)  The  preeoimnii 
sural  bundle,  the  fibers  of  which  terminate  in  part  in  nerve  cells  dl 
uated  in  the  tract  itself,  but,  for  the  most  part,  enter  the  anteiio 
commissure  and  pass  to  the  same  or  the  opposite  side,  to  end  in  tb 
hippocampal  lobes  or  other  gray  matter  lielonging  to  the  rbinen 
cephalon.  (2)  The  mesial  bundle,  the  fibers  of  which  terniinaii 
in  the  gray  matter  juijacent  to  the  base  of  the  olfactory  traci 
the  tuberculura  olfactorium,  whence  the  path  is  probably  contmuet 
by  other  neurons  to  the  region  of  the  hipf>ocampal  lobe*  (3)  Tin 
lateral  tract,  whose  fibers  seem  to  pass  to  t!ie  luppocampal  Ioi>e  o 
the  same  side.  According  to  Van  Gehuchten,*  none  of  the  fibcu 
of  the  anterior  commissure  arise  from  the  oen^e  cells  in  the  olfaetor] 
bulb.  He  considers  that  the  fibers  in  the  olfactor\^  portion  of  thi 
commissure  constitute  an  association  system  connecting  the  oil 
tory  lobe  of  one  side  with  the  olfactor>^  bulb  of  the  other  side. 

The  Cortical  Center  for  Smell, — So  far  as  the  hijstolog 
evidence  goes,  it  tends  to  show  that  the  chief  cortical  termintiti 
of  the  olfactory  paths  is  found  in  the  hippocampal  convolutioQ 
especially  its  distal  portion,  the  uncus.  The  experimental  evi 
dence  from  the  side  of  physiology  points  in  the  same  directioG 
Forrier  states  that  electrical  stinmlation  in  this  region  is  followet: 
by  a  torsion  of  the  lips  and  nostrils  of  the  same  side,  musculj 
movements  that  accompany  usually  strong  olfactory  sensatioB 
On  the  other  hand,  ablations  of  these  regi<ms  are  followed  by  di 
fects  in  the  sense  of  smell.  The  experiruenta!  evidence  is  not  ver] 
8atisfacton%  owing  to  the  technical  difficulties  in  operating  upai 
these  portions  of  the  brain  without  at  the  same  time  involviD| 
neighboring  regions.  There  is  some  clinical  evidence  also  tW 
lesions  in  this  region  involve  the  sense  of  smelh  Thus  Carbon 
records  that  a  tumor  in  this  |K>rtion  of  the  temporal  lobe 
stoned  epileptic  attacks  which  were  accompanied  by  nau 
odors. 

The  Cortical  Center  for  Taste  Sensations. — Practic 
nothing  definite  is  known  concerning  the  central  paths  and  corti« 
termination  of  the  taste  fibers.  The  course  of  these  fibers  in  th 
peripheral  nerves  has  been  much  investigated  and  the  facts  »r 
mentioned  in  the  section  upon  "special  senses."  It  is  usuall; 
assumed,  although  without  much  decisi\T  proof,  that  the  cortici 
center  lies  also  in  the  hipfKJcampal  convohition  fwsterior  to  ti 
area  of  olfaction.  Exjierimental  lesions  in  this  region,  accofdiE 
to  Ferrier,  are  accompanied  by  disturbances  of  the  sense  of  task 
On  embryological  grounds  Flechsig  supposes  that  the  cortic 
♦  Van  Gehuchten,  '^Le  N<S\Taxe/'  6,  191,  1904. 
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center  may  lie  in  the  posterior  portion  of  the  gyrus  fomicatus 
(6,  Kg.  99). 

Aphasia. — ^The  term  aphasia  means  literally  the  loss  of  the 
power  of  speech.  It  was  used  originally  to  indicate  the  condition  of 
those  who  from  accident  or  disease  affecting  the  brain  had  lost  in 
part  or  entirely  the  power  of  expressing  themselves  in  spoken  words, 
but  the  term  as  a  general  expression  is  now  extended  to  include  also 
those  who  are  unable  to  understand  spoken  or  written  language — 
that  is,  those  who  are  word-blind  or  word-deaf.  It  is  usual,  there- 
fore, to  distinguish  sensory  aphasia  from  motor  aphasia.  By  the 
latter  term  is  meant  the  condition  of  those  who  are  unable  to  speak, 
although  there  is  no  paralysis  of  the  muscles  of  articulation, 
and  by  sensory  aphasia,  those  who  are  unable  to  understand  the 
written,  printed,  or  spoken  symbols  of  words,  although  there  is  no 
kw  of  the  sense  of  vision  or  of  hearing. 

Jfotor  Aphasia. — A  condition  of  motor  aphasia  not  infrequently 
results  bom  injuries  to  the  head  or  from  hemorrhage  in  the  region 
of  the  middle  cerebral  artery.  The  first  exact  statement  of  the 
portion  of  the  brain  involved  seems  to  have  been  made  by  Bouil- 
laud  (1825),  who,  as  the  result  of  numerous  autopsies,  attributed 
the  defect  to  lesions  of  the  frontal  lobe. 

(It  18  a  curious  fact  that  Bouillaud's  observations  were  inspired  by  the  work 
of GalL  Gall  having  observed,  as  he  thought,  that  individuals  who  are  fluent 
ipeakers  or  who  have  retentive  memories  are  characterized  by  projecting  eyes, 
ooododed  that  this  peculiarity  is  due  to  the  larger  size  of  the  lower  part  of  the 
fionta]  lobe,  and  he  therefore  located  the  faculty  of  speech  in  this  r^ion  of  the 
bnin.  In  spite  of  the  vagaries  into  which  he  was  led  dv  his  false  methods  Gall 
Bnde  many  most  important  contributions  to  our  knowledge  of  the  anatomy  of 
tlie  brain  and  the  cord.  The  discovery  of  the  location  of  the  center  of  speech, 
*»wever,  cannot  be  rightly  placed  to  his  credit,  since  his  reasons  for  its  location 
We,  80  far  as  we  know,  entirely  unjustified.  It  cannot  be  reckoned  as  more 
tliaii  a  coinctdence  that  m  this  particular  his  phrenological  localization  was 
iftcrward  in  a  measure  justified  by  facts.) 

The  essential  truth  of  Bouillaud's  observations  was  established 
by  other  observers,  and  Broca  located  the  part  of  the  brain  in- 
volved in  these  lesions  in  the  posterior  part  of  the  third  or  inferior 
frontal  convolution.  He  described  conditions  of  pure  motor 
•phasia,  designated  by  him  as  aphemia,  which  he  thought  were  due 
to  lesions  in  this  gyrus.  This  region  is,  therefore,  frequently 
bwwn  as  Broca's  convolution  or  Broca's  center.  Subsequent  ob- 
snrations  have  tended  to  confirm  this  localization,  and  what 
is  designated  as  the  **  speech  center  "  has  been  placed  in  the 
inferior  frontal  convolution  in  the  gyrus  surrounding  the  anterior 
ff  ascending  limb  of  the  lateral  fissure  (fissure  of  Sylvias,  S, 
*ig.  97).  Many  authors  insist  that  this  localization  is  too  limited, 
nd  that  defects  in  the  power  of  speech  may  result  not  only  from 
ijuries  to  this  region,  but  also  from  lesions  of  contiguous  areas, 
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including  the  anterior  portion  of  the  ii^land  and  the  opercular  ] 
tion  of  the  central  convolution.  Autopsies  have  shown  that 
right-handed  persons  the  j^peech  center  is  placed  or  is  function 
Ui^ually  in  the  left  cerebral  hemisphere,  while,  on  the  other  handj 
is  stated,  although  hardly  demonstrated,  that  in  the  case  of  M 
handed  individuals  aphasia  is  produced  by  lesions  involvin 
the  right  side  of  the  brain.  This  region  is  not  the  direct  m 
tical  motor  center  for  the  muscles  of  speech.  It  is  possible  thi 
aphasia  may  exist  without  paralysis  of  these;  latter  muscles*  ItJ 
rather  the  memory  center  of  the  motor  innervations  necessaig 
form  the  appropriat-e  sounds  or  words  with  which  we  have  leam 
to  express  certain  concept^s*  Tlie  child  is  taught  t-o  express  certai 
ideas  by  definite  words,  and  the  memory  apparatus  through  whid 
these  associations  are  transmitted  to  the  motor  apparatus  may  h 
conceived  as  located  in  the  speech  center.  Lesions  of  any  kfl 
affecting  this  area  will,  therefore,  destroy  more  or  less  the  abim! 
to  use  appropriately  spoken  words,  and  clinical  experience  sbow 
that  motor  aphasia  may  he  exhibited  in  all  degrees  of  comph 
ness  and  in  many  curious  varieties.  The  individual  may 
the  power  to  use  a  limited  number  of  words,  with  which  \\e{ 
presses  his  whole  range  of  ideas,  as,  for  instance^  in  the  easel 
scribed  by  Broca/  in  which  the  individual  retained  for  the  I 
pression  of  numbers  only  the  word  ''  three,"  and  was  oblig 
make  this  word  do  duty  for  all  numerical  concepts.  Other  < 
are  recorded  in  which  the  patient  had  lost  only  the  power  toi 
names — that  is,  nouns  C'  Marie  ") — or  could  remember  only  th 
initial  letters.  Others  still,  in  which  words  could  be  used  onlj 
when  associated  with  musical  memories,  as  in  singing;  or  in  whid 
the  words  were  misused  or  employed  in  wrong  combinatiow 
(paraphasia).  Motor  aphasias  have  lieen  classified  in  various 
ways  to  suit  the  different  schemata  which  have  been  invented  U 
explain  the  cerebral  mechanism  of  speech,  but  the  whole  m\M 
is  in  reality  so  complex  that  most  of  these  classifications  mu4l 
received  with  caution*  There  seems  to  !>e  no  doubt,  however,  tte 
a  condition  of  what  may  l>e  called  pure  motor  aphasia  may 
from  localized  injuries  to  the  brain.  In  this  condition  the 
loss  of  the  power  of  articulate  speech,  without  paralysis  of ' 
muscles  of  articulation,  and  with  the  preservation  of  what  has  1 
called  internal  language,  that  is,  the  ptiwer  t^  conceive  the  ideiksfo 
which  the  appropriate  verbal  expressions  are  missing,  Moi 
authors  conclude  that  this  condition  is  due  to  an  injur>*  or  lesion  i 
Broca's  convolution,  but  others  contend  that  the  evidence  fe 


*  Ejoier,  "HermaBii^a  Handbuch  der  Physiologic,''  vol  iii,  part  u,  p.  M 
Consult  for  older  literature. 
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this  localization  is  at  present  unsatisfactory.*  It  does  not  seem 
to  be  certain  whether  or  not,  in  the  case  of  complete  lesion  of  the 
center  on  one  side,  the  ability  to  speak  can  be  again  acquired  by 
education  of  new  centers,  f  Some  recorded  cases  seem  to  indicate 
that  this  re-education  is  possible  in  the  young,  while  in  the  old  it 
»  more  difficult  or  impossible.  We  express  our  thoughts  not  only 
in  spoken,  but  also  in  written,  symbols.  As  this  latter  form  of 
expression  involves  a  different  set  of  muscles  and  a  different 
educational  experience,  it  is  natural  to  assume  that  the  complex 
associations  concerned  or,  to  use  a  convenient  expression,  the 
monory  centers,  should  involve  a  different  part  of  the  cortex.  It 
is,  in  fact,  observed  that  in  some  aphasics  the  loss  of  the  power  of 
writing,  a  condition  designated  as  agraphia,  is  the  characteristic 
defect,  rather  than  the  loss  of  the  ability  to  use  articulate  language. 
There  naay  be  also,  as  a  result  of  cerebral  injury,  a  loss  of  the  power 
to  make  various  kinds  of  purposive  movements  or  combinations 
rf  movements  other  than  those  used  in  speaking  or  writing,  and 
for  this  general  condition  the  term  "  apraxia  "  has  been  employed. 
Uang  this  term  in  its  widest  sense,  pure  motor  aphasia  (aphemia) 
mi|^t  be  defined  as  an  apraxia  limited  to  the  muscles  of  articula- 
tion, and  agraphia  as  an  apraxia  involving  the  movements  of 
writing.  The  general  evidence  seems  to  show  that  these  conditions 
of  apraxia,  other  than  the  aphemia,  are  associated  with  lesions 
in  the  first  and  second  frontal  convolutions  anterior  to  the  motor 
area. 

Sensory  Aphasia, — In  sensory  aphasia  J  the  individual  suffers 
from  an  inability  to  understand  spoken  or  written  language. 
Conditions  of  this  kind  have  been  referred  to  lesions  in  the  cortex 
rf  the  temporal  or  temporo-parietal  region  {H  and  F,  Fig.  96), 
uid,  as  in  the  case  of  motor  aphasia,  the  lesion  is  usually  on  the 
Irft  side.  Since  the  cortical  centers  for  hearing  and  seeing  are 
situated  in  distinct  parts  of  the  brain,  we  should  expect  that  the 
mechanism  for  the  association,  in  one  case  of  visual  memories  of 
verbal  symbols  with  certain  concepts,  and  in  the  other  case,  of 
wditory  memories,  should  also  be  located  in  separate  regions. 
Inability  to  understand  spoken  language,  or  word-deafness,  is,  in 
'act,  usually  attributed  to  a  lesion  involving  the  superior  or  middle 
tenporal  convolution  contiguous  to  the  cortical  sense  of  hearing 
(ff,  Pig.  97),  while  loss  of  power  to  understand  written  or  printed 
luiguage,  word-blindness  (alexia),  is  traced  to  lesions  involving  the 

•  For  these  opposing  views  and  the  work  of  Marie  see  Moutier,  ''L' Aphasia 
de  Broca,"  Paris,  1908. 

tSee  Mills,  ''Journal  of  the  Amer.  Med.  Assoc.,"  1904,  xliii. 

t  Consult  Starr,  "Aphasia,"  ''Transactions  of  the  Congress  of  American 
Physicians  and  Surgeons,"  vol.  1,  p.  329,  1888;  also  Monakow,  "Gehim- 
pithologie,"  1906;.a>llier,  "Brain,"  1908. 


218 


PHYSIOLOGY    or    CKNTRAL   NERVOUS    SYSTEM. 


'if-Jd 


\  I 


ua  nay 

m 

bmM 
aswA 


inferior  parietal  convolution,  the  gyrus  annularis,  contip^ous 
the  occipital  visual  center  (\\  Fig.  97).  These  two  conditions 
may  oecur  together,  but  cases  are  recorded  in  which  they  exii^led 
indejx^ndently.  It  may  be  ima^ned  that  the  individual  suffering 
from  word-blindness  alone  is  essentially  in  the  condition  of  one 
who  attempts  to  read  a  foreign  language.  The  |X)wer  of  vision 
exists,  but  the  verVml  symljols  have  no  associations,  therefore  no 
meaning.  So  one  who  is  w^ord-deaf  alone  may  be  compared  to  the 
normal  individual  who  is  spoken  to  in  a  foreign  tongue.     The  words 

are   heard,   but  they 
\fj  have  no  associations 

with  pBst  experience. 
Sensory  aphasia  may 
be  complete  or  m 
plete.  In  theii 
plete  form  theri^ 
word-deafness 
as  word' blindjies^i and 
there  may  be  difficul- 
ties as  well  in  the  pow- 
er of  articulate  speech. 
In  the  incomplete  type 
these  SAinptoms  itf| 
exhibited  in  mildef 
and  varj^ing  form. 
One  may  imagine  thit 
our  abihty  to 
nize  external  obje 
through  the  sen 
might  be  affected  in  other  ways  than  a  failure  to  comprehend  1 
\iHual  or  auditor^'  symbols,  and  some  writers,  therefore,  employ  the 
wider  term  agnosia  to  indicate  any  failure  in  the  intellectual  recog* 
nition  of  external  objects.  From  this  point  of  view^  word-blindne^ 
might  be  designated  as  visual  agnosia,  word-deafness  as  uuditon' 
agnosia^  and  fistereognosis  as  chiefly  a  tactile  agnosia.  The  exml 
localization  in  the  cortex  of  the  areas  involved  in  the  auditory^  and 
visual  associations  and  perceptions  connected  with  speech  ha^  not 
been  estal>lished  definitely.  The  question  is  a  complex  and  difficult 
one,  and  those  w^ho  have  had  the  most  experience  are  perhaps  tk 
most  cautious  in  referring  wortl-l>lindness  or  word-deafness  to  tb< 
lesion  of  circumscribed  areas  of  the  cortex.*  It  may  be  said 
however,  with  some  certainty,  that  the  phenomena  of  sensor 
aphasia  in  general  are  connected  with  lesions  involving  tlie  an* 

•  For  a  general  review  see  Mooakow,  "Ergebaisae  der  Physiolope,"  I90f 
p.  334. 
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Fig.  07. — Lateral  vi«w  of  a.  humnra  hemiaphero ;  kot- 
tioaJ  area  T,  diunaic«  to  which  pRMiucea  "'niind-bliiad- 
dihh"  (word-bllndiMsai) ;  cortical  area  H,  dajua^e  to  which 
producoi  **  mind-deafoMa"  C  word-deaf D«as) ;  cortical  aroa 
8,  damac»  to  which  causes  the  lci«s  of  articulate  spefH^h; 
oortiical  area  fl^,  damaire  to  which  aboliabea  the  power  of 
wntiii4(, —  iDntuiiiUon^ 
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aloDg  the  margins  of  the  posterior  portion  of  the  lateral  fissure 
(fissure  of  Sylvius),  and  extending  into  the  parietal  lobe  as  far  as 
the  angular  gyrus,  and  with  the  cortex  within  the  fissure  including 
the  cortex  of  the  island. 

The  general  facts  regarding  aphasia  illustrate  very  well  the 
theory  or  idea  usually  held  among  physiologists  in  regard  to  the  dis- 
tribution or  localization  of  mental  activity  in  the  cerebral  cortex. 
The  understanding  and  the  use  of  spoken  or  written  language  is,  so 
to  speak,  a  mental  whole,  both  from  the  standpoint  of  education 
and  of  use.  To  understand  or  to  express  certain  conceptions  im- 
plies the  use  of  definite  words,  and  our  visual,  auditory,  and  motor 
experiences  are  combined  in  these  symbols.  Each  phase  of  this  com- 
plex may  be  cultivated  more  or  less  separately;  in  the  case  of  the 
unlettered  man,  for  instance,  the  written  or  printed  symbols  form 
no  part  in  the  associations  connected  with  his  verbal  concepts.  Cor- 
responding to  these  facts  we  have,  on  the  anatomical  side,  a  portion 
of  the  brain  in  which  the  auditory  memories  are  organized, — ^that 
18,  they  are  connected  in  some  way  with  a  definite  arrangement 
of  nerve  cells  and  their  processes,  another  part  in  which  the 
visual  memories  are  organized,  and  other  parts  in  which  the 
motor  memories  as  regards  speaking  or  writing  are  laid  down 
b  some  definite  form.  Each  part  is  a  distinct  center,  but 
their  combined  use  in  intellectual  life  would  imply  that  they 
Me  connected  by  association  fibers,  so  that,  although  fun- 
damentally distinct,  they  are  practically  combined  in  their 
activity.  Corresponding  with  this  conception  it  is  found  from 
clinical  experience  that  sensory  aphasics  suffer  a  deterioration, 
more  or  less  pronounced,  of  their  general  intellectual  capacity 
according  to  the  extent  of  the  area  involved.  We  may  believe 
that  the  varying,  gifts  of  individuals,  in  the  matter  of  the  use  of 
language,  rest  partly  on  the  amount  of  training  received  and 
partly  on  the  inborn  character  and  completeness  of  the  nervous 
machinery  in  the  different  centers. 

The  Association  Areas. — According  to  the  views  presented 
above,  it  will  be  seen  that  the  motor  and  sense  areas  occupy  only 
a  small  portion  of  the  cortex,  forming  islands,  as  has  been  said, 
^mrounded  by  much  larger  areas.  Flechsig*  has  designated  these 
latter  areas  as  association  areas,  and  has  advocated  the  view  that 
they  are  the  portions  of  the  cortex  in  which  the  higher  and  more 
complex  mental  activities  are  mediated,  the  true  organs  of  thought. 
Hi  views  as  to  the  relations  and  physiological  significance  of  these 
weas  have  been  based  chiefly  on  the  study  of  the  embryo  brain 
with  reference  to  the  time  of  acquisition  of  the  myelin  sheaths. 

♦Flechsig,  '*Gehim  unci  Seele,"  Leipzig,  1896;  also,  "Archives  de  Neiirol- 
pe,"voLu,  1900. 
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Thus  he  finds  that  the  fibers  to  the  sense  areas  acquire  their 
and  therefore  aecording  to  his  view  become  fully  f unct  ional  1 
those  distributed  to  tlie  association  areas.  Moreover^  in  tb 
bryo,  at  least,  these  latter  areas  are  not  supplied  with  proji 
fibers, — ^that  is,  they  are  not  connected  directly  with  the  i] 
l>ang  parts  of  the  nerv^ous  systems.  Their  connertions  arc 
each  other  and  with  the  various  sense  centers  and  motor  a 
of  the  cortex. 

The  association  areas  may  be  regarded  therefore  as  the  n 
in  which  the  different  sense  impressions  are  synthesized  into  co] 
perceptions  or  concepts.  The  foundations  of  till  knowledj 
to  be  found  in  the  sensations  aroused  through  the  various 
organs;  through  these  avenues  alone  can  our  consciousneaa 
into  relaticn  ^vith  the  external  or  the  internal  (somatic)  i 
and  the  union  of  these  sense  impressions  into  organized  knov 
is,  according  to  Fleehsig,  the  general  function  of  the  assoo 
areas.  This  fimction  of  the  association  areas  is  indicated  h 
anatomical  fact  that  they  are  connected  with  the  various 
centers  b\'  tracts  of  association  fibers,  suggesting  thus  a  mechi 
by  which  the  sense  cjualities  from  these  separate  sense  centen 
be  combined  in  consciousness  to  fonn  a  mental  image  of  a  coi 
nature.  The  sequence  of  phenomena  in  the  external  world 
derly,  and,  corresponding  to  this  fact,  the  refiection  of  the-se  ph< 
ena  in  the  sequence  and  combinations  of  sensations  is  also  op 
In  the  association  areas  our  memor>'  records  of  past  experi 
and  their  connections  are  laid  do^Mi  in  some,  as  yet  unki 
material  change  in  the  network  of  ner\^e  cells  and  fibers, 
as  elsewhere  in  the  ner\^ous  system,  it  may  be  supposed  thi 
efficiency  of  the  ner\'ous  maeliiner}-  is  conditioned  partly  h 
completeness  and  character  of  training,  but  largely  also  b 
inborn  character  of  the  machinery'  itself.  The  ver}'  marked  i 
ences  among  intelligent  and  cultivated  persons^for  instani 
the  matter  of  musical  memor}^  and  the  power  of  appreciatini 
reproducing  musicid  hamionies — cannot  l>e  attributed  to  diffei 
in  training  alone.  The  gifted  person  in  this  respect  is  one  v 
born  with  a  certain  portion  of  his  brain  more  highly  organized 
that  of  most  of  his  fellow-men.  This  general  conception  thi 
special  capacities  of  talented  individuals  rest  chiefly  upon  h 
differences  in  structure  or  organization  of  the  brain  may  \ 
garded  as  one  outcome  of  the  modem  doctrine  of  localizati 
functions  in  this  organ.  In  the  beginning  of  the  nineteenth  ce 
it  seems  to  have  Vjeen  the  general  view  that  those  who  had  i 
degree  of  mental  capacity  might  direct  their  activity  with 
success  in  any  direction  according  to  the  training  received,  i 
who  could  walk  fifty  miles  to  the  north,  it  %vas  said,  could  J 
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easily  walk  fifty  miles  to  the  south,  and  a  man  whose  training 
made  him  an  eminent  mathematician  might  with  different  training 
have  made  an  equally  eminent  soldier  or  statesman.  In  our  day, 
however,  with  our  ideas  of  the  organization  of  the  brain  cortex, 
and  our  belief  that  different  parts  of  this  cortex  may  give  different 
reactions  in  consciousness,  it  seems  to  follow  that  special  talents 
are  due  to  differences  in  organization  of  special  parts  of  the 
cortex. 

Subdivision  of  the  Association  Areas. — On  anatomical  grounds 
Flechsig  distinguishes  three  (or  four)  association  areas:  The  frontal 
or  anterior  35,  Fig.  100),  which  lies  in  front  of  the  motor  area; 
the  median  or  insular, — ^that  is,  the  cortex  of  the  island  of  Reil; 
and  the  posterior,  which  lies  back  of  the  body  feeling  area,  extending 
to  the  occipital  lobe  and  also  laterally  into  the  temporal  lobe. 
This  area  Flechsig  suggests  may  be  subdivided  into  a  parietal  area, 
34,  Fig.  100,  and  a  temporal  area,  36,  Fig.  100.  The  greater  rela- 
tive development  of  these  areas  is  one  of  the  features  distinguishing 
Ae  human  brain  from  those  of  the  lower  mammals.  In  accordance 
^th  the  general  conception  of  localization  of  functions  Flechsig 
suggests  that  these  areas  have  different  functions, — that  is,  take 
different  parts  in  the  complex  of  mental  activity.  Basing  his 
views  upon  the  nature  of  the  association  tracts  connecting 
them  with  the  sense  centers,  he  suggests  that  the  posterior  area 
is  concerned  particularly  in  the  organization  of  the  experiences 
founded  upon  visual  and  auditory  sensations,  and  shows  especial 
devebpment  in  cases  of  talents,  such  as  those  of  the  musician, 
^ch  rest  upon  these  experiences.  The  anterior  area,  being  in 
closer  connection  with  the  body  sense  area,  may  possibly  be  espe- 
oally  concerned  in  the  organization  of  experiences  based  upon  the 
internal  sensations  (bodily  appetites  and  desires),  and  in  al- 
terations or  defective  development  of  this  portion  of  the  brain 
Diay  lie  the  physical  explanation  of  mental  and  moral  degen- 
eracy. This  general  idea  is  borne  out  in  a  measure  by  histo- 
logical studies  of  the  brains  of  those  who  are  mentally  deficient 
(amentia)  or  mentally  deranged  (dementia).  It  is  stated*  that 
the  brain  in  such  cases  shows  a  distinct  thinning  of  the  cortex  and 
that  the  maximum  focus  of  this  change  is  found  in  the  prefrontal 
lobes  (anterior  association  area).  In  the  case  of  the  idiotic  this 
*^  is  distinctly  imdeveloped  and  in  the  insane  the  atrophy  is 
Joarked  in  proportion  to  the  degree  of  dementia.  Regarding  the 
peculiar  functions  of  the  cortex  of  the  island  of  Reil  there  are 
iJO  facts  sufficiently  distinct  to  warrant  a  positive  statement, 
although,  as  stated  above,  the  data  from  pathological  anatomy 
♦  Bolton,  "Brain,"  1903,  p.  215,  and  1910,  p.  26. 
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would  seem  to  indicate  that  this  portion  of  the  cortex  may  fon 
a  piirt  of  the  speech  area  both  on  the  motor  and  the  sensory  sii 
The  area  is  mueh  more  develoi>ed  in  man  than  in  the  lower  mi 
mals,  and  its  connections  with  oth(*r  parts  of  the  cortex  by  mei 
of  association  tracts  are  such  as  to  lead  to  the  supposition  that 
general  functions  are  of  the  higher  synthetic  character  attrihtf 
to  the  association  areas  in  general 

By  way  of  ciiution  it  Hhoukl  hv  stated  that  the  general  idi^as  devekn 
above  in  at'cordaiire  withlFleehsig's  views  do  not  meet  with  universal  jmnjI 
anre.  Home  of  the  most  experienced  obsen'ere  are  unwilling  to  admit  1 
Bueh  a  decree  of  Imuihzalion  of  the  psyt^hical  activitit^  really  exists.  1 
contend  that  the  whole  cortex  may  be  eoncerneti  in  mediating  the  hi^ 
menial  proeessw,  and  quote  post-mortem  exajninations  of  earofuJly  sttM 
cases  in  support  of  this  view.  Even  in  the  primaiy  sense  centers  or  oi 
centers  the  ehanieter  of  the  laniination  of  the  cortex  indicatee  the  possil] 
that  the  higher  synthetic  functions  may  be  mediated  there  in  addif "  * 
reception  of  sensory  impulses  or  the  generation  of  motor  impu 
ma^it  recognize,  in  fact,  that  the  schemata  designed  to  show  the  dist 
the  higher  fisyehical  aetiviti*-!*  in  the  cortex  represent  at  present  onlv  hy 
w^hich  nee<J  confirnmtion  before  they  can  b{*  finally  a*'repted.  ft'e  ; 
coniitidcnible  confidence  in  the  localizations  of  the  motor  areas,  and  of' 
leai^t,  of  the  sensory  ftreiiF,  but  in  the  matter  of  the  more  compli 
aet«,  failure  in  which  expresses  itself  in  the  conditions  of  aphasia, 
perversions^  etc,,  our  knowledge  is  incomplete,  both  as  regards  analjwof 
eymptoms  and  the  localities  affected  in  the  brain. 

The    Development    of    the    Cortical    Area*^Fleehsig* 

piiljlinhcd  the  resultj^  of  an  extensive  study  of  the  time  of  mj 
liniziition  of  the  fil>ers  in  the  cerebrum  of  man  from  the  foul 
month  of  intra-uterine  to  the  fourth  month  of  extra-uterine 
The  first  areas  to  develop  in  the  cortex  are  the  primarj^ 
centers  (smell,  eiitaneous  and  mtiscle  sense,  sight,  hearin^H 
touch),  and  later  in  eonneetion  with  these  centers  systems  0^^| 
fibers  appear.    There  are  thus  formed  seven  priman^  zones, 
and  motor^  to  which  he  gives  the  name  of  projection  area^,    ' 
location  of  these  areas  is  sho\ra  in  part  in  Figs.  98  and  99,  ^  (j^, 
5,  6,  7  (7^,  8,  15.    Two  areas  connected  with  the  olfactory'  m 
are  not  shown  in  tbese  figures;  they  appear  in  the  anterior  ] 
forate  lamina  on  the  base  of  the  brain  and  in  the  uncinate  g}t 
Later  there  is  developed  around  these  prima r>^  zones  areas  t 
Flechsig  calls  marginal  or  tjorder  zones,  which  have  no  projecl 
fillers,  but  which  arc  connected  by  short  association  fibers  i 
one  or  more  of  the  primar\'  projection  zones,  14,  le  to  5 J,  in  F 
100  antl  101.      Later  still  the  great  association  areas — *U.  SS, 
Figs.  lOtJ  and  101 — acquire  their  myelinated  fibers.     These  lal 
centers,  as  imhcated  above,  nuiy  be  considered  as  association 

*  Flechsijz,   ''Beriehte  der  mathomati^eh-physisehen   Kl:isse  der  kft 
Sachp*.  Gesellsehaft  der  Wisaenschaften  zm  Lt^'ipzlji,*'  1904.     For  a  summ 
the  reHulti^  of  this  work  see  Sabin,  *The  Johns  Hopkins  Hospital  Bull 
February,  1*105. 


Fig.  lOK^Sftm©  arau  on  tho  menial  mirfAtic,—^{FteekngJ% 
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with  more  complex  connections,  and  they  serve  to  mediate,  pos- 
sibly, the  higher  psychical  activities.     Flechsig,  in  his  report, 
designates  these  areas  from  an  anatomical  point  of  view  as  terminal 
or  central  zones.     As  the  result  of  his  histological  work,  as  far 
as  it  has  pn^ressed,  he  distinguishes  thirty-six  areas  in  the  cortex 
in  which  the  myelinization  of  the  fibers  occurs  separately,  and  in 
which,  therefore,  by  inference  different  physiological  activities 
are  mediated.    These  thirty-six  areas  are  subdivided  as  follows: 
L  Primary  areas. 

!§•  Frimaiy  projection  areas  (i,  £,  4,  S,  6,  7,  8  (IS),  seven  or 
eight  in  number,  and  provided  with  projection  fibers — 
1^  aornoiy  and  motor. 

WL  V^  Primary  areas  without  projection  fibers  (^,  9, 10, 11^  1£,  JS) 

^K  and  apparently  without  association  fibers.    Functions  un* 

^H  certain. 

^B*         IL  Aasodation  areas. 

W^  IP*  Intermediate  or  border  areas,  U,  16-SS,  provided  with 

^  short  association  fibers. 

n^  Terminal  or  central  areas,  34,  S5,  S6,  provided  with  long 
assodation  fibers. 

Histological  Differentiation  in  Cortical  Structure. — While 
the  general  structure  of  the  cortex  is  everywhere  similar,  detailed 
examination  has  shown  differences  in  the  shape  of  the  cells,  the 
thickness  and  number  of  the  strata  or  laminse,  the  calibre  of  the 
fibers,  etc.,  which  are  said  to  be  constant  for  any  given  region.  By 
this  means  it  is  possible  to  divide  the  cerebral  cortex  into  a  number 
of  areas  whose  structures  are  suflSciently  distinct  to  be  recognized 
with  some  certainty.  Reasoning  from  analogy,  we  should  infer 
that  a  differentiation  in  structure  implies  a  subdivision  of  physio- 
logical activity,  and  to  this  extent  this  recent  histological  work 
supports  the  view  of  a  localized  distribution  of  function  in  the 
cortex.  Campbell,*  in  a  very  thorough  investigation  of  this  kind, 
hm  siioeeeded  in  separating  some  fifteen  or  sixteen  different  areas, 
aodtheresultB  obtained  by  him  support  in  a  general  way  the  local- 
described  in  the  preceding  pages.  Thus  the  cortex  in  the 
convolution  (body-sense  area)  has  a  structure  dis- 
different  from  that  of  the  precentral  convolution  (motor 
^f  the  latter  being  characterized  among  other  things  by  the 
of  giant  pyramidal  cells  (Betz  cells),  and  a  marked  dimi- 
in  the  v/idth  of  the  granular  layer  of  cells.  In  the  occipital 
the  r^on  round  the  calcarine  fissure  has  a  structure  differ- 
ent from  that  of  the  contiguous  cortex,  and  a  similar  difference  is 
claimed  for  the  auditory  region.  Campbell  believes  that  the  ex- 
treme end  of  the  frontal  lobe  (prefrontal  region)  has  a  compara- 

•  Campbell,  "Hiatological  Studies  on  Localisation  of  Cerebral  Functions," 
Cambridge,  1905;  See  aJso  Brodmann,  "Journal  f.  Psychol,  u.  Neurol," 
1902,  7. 
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lively  undeveloped  structure,  but  Bolton,*  on  the  contrao'i  st< 
that  it  has  a  typical  structure  and  believes  that  it  play8  a  pal 
the  greatest  importance  in  the  higher  or  general  processes  o( 
sociation.  It  h  the  last  region  of  the  cortex  to  be  evolved, 
mental  decadence  or  dementia  it  is,  according  to  this  author, 
first  region  to  undergo  dissolution,  and  in  conditions  of  amett^ 
is  undeveloped.  i 


I 

Fig-  102."D»«nini  to  njiow  the  oonipoeition  of  the  eomus  call*i*ijm  ha  a  syaiVenkDi) 
mjisur&l  jGb«r9,  without  projection  fibtm,-  (T"ajf<rfJ 

i 

The  Corpus  Callosum.^The  corpus  callosum  is  the  il 
conspicuous  of  the  bands  of  commissural  fibers  that  connect 
cerebral  hemisphere  with  the  other.  Similar  tracts  of  the  3( 
general  nature  are  tlie  anterior  commissure  and  the  foil 
The  position  and  great  development  of  the  corpus  callol 
has  made  it  the  object  of  experimental  as  well  as  anatoi^ 
investigation.  When  the  corpus  is  divitled  by  a  section  along 
longitudinal  fissure  (v.  K(u-anyi)  no  perceptible  effect  of  eith 
motor  or  sensory  nature  is  observed  in  the  animal.  When  1 
Btimulated  electrically  (Mott  and  Schafer)  fnmi  above,  symra^ 
cal  movements  on  the  two  sides  of  the  body  may  be  obtaine<Lj 
the  motor  cortex  on  one  side  is  removed,  stimulation  in  the  I 
gitudinal  fissure  causes  movements  only  on  the  side  contro 
by  the  uninjured  cortex.  These  facts  are  in  harmony  with 
results  of  histological  studies,  w-hich  indicate  that  the  fibers  ol 
corpus  calloBum  do  not  enter  directly  into  the  internal  capfl^ 
to  be  distrilmt^d  to  underlying  portions  of  the  brain,  but  are  % 
conunissural  and  connect  ptjrtions  of  the  cortex  of  one  hemispi 
with  the  cortex  of  the  other  side.  This  relation  Is  indicated  in 
•  Bolton,  'VBrain,"  1910,  p.  26. 
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)anying  diagram  (Fig.  102).  So  far  as  the  motor  regions  are 
led,  there  is  some  evidence  that  the  connection  thus  es- 
jd  is  between  sjrmmetrical  parts  of  the  cortex  (Muratoff), — 
,  between  parts  having  similar  functions, — ^and  we  may 
the  corpus  as  a  means  by  which  the  functional  activities 
wo  sides  of  the  cerebrum  are  associated.  On  the  human 
idy  of  cases  of  lesions  of  the  corpus  callosum  has  yielded  an 
int  suggestion  in  line  with  the  conclusion  just  stated, 
nn*  has  reported  cases  of  this  kind  in  which  there  were 
symptoms  (dyspraxia)  in  the  movements  of  the  left  side 
K)dy,  although  the  right  cortex  was  uninjured.  He  draws 
elusion  that  in  movement  complexes  in  general  the  left 
lere  leads  or  initiates,  as  in  the  case  of  articulate  speech, 
it  through  the  commissural  fibers  of  the  corpus  callosum 
lus  is  conveyed  to  the  right  cortex  when  the  movement 
!;he  musculature  of  the  left  side. 

Corpora  Striata  and  Thalami. — The  numerous  masses 
'  matter  found  in  the  cerebrum  beneath  the  cortex, 
thalamencephalon,  and  in  the  midbrain  have  each,  of 
specific  functions,  but,  in  general,  it  may  be  said  that 
B  intercalated  on  the  afferent  or  efferent  paths  to  or  from 
tex.  Their  physiology  is  included,  therefore,  in  the 
iion  of  the  functions  mediated  by  these  paths.  For 
^,  the  lateral  geniculate  bodies  form  part  of  the  optic 
In  addition,  however,  these  masses  of  cells  contain 
y  cases  reflex  arcs  of  a  more  or  less  complicated  kind, 
I  which  afferent  impulses  are  converted  into  efferent 
ts  that  affect  the  musculature  or  the  glandular  tissues 
body.  The  large  nuclei  constituting  the  corpora  striata 
s  caudatus  and  n.  lenticularis)  and  the  thalami  have 
•equently  studied  experimentally  to  ascertain  whether 
lave  specific  functions  independently  of  their  rela- 
» the  cortex.  These  efforts  have  given  uncertain  results. 
xperiments  (Nothnagel),  in  which  the  attempt  was  made  to 
these  nuclei  by  the  localized  injection  of  chromic  acid,  are 
ly  unreliable,  as  the  destruction  involved  also  the  projection 
assing  to  the  cortex.  Lesions  of  the  nucleus  caudatus  are  said 
«companied  always  by  a  rise  in  body  temperature  and  an 
5  in  heat  production,  and  stimulation  of  the  same  nucleus 
very  marked  rise  in  blood-pressure.  These  facts  indicate 
ble  connection  of  this  nucleus  with  heat  and  vasomotor 
ion.  Other  observers  have  supposed  that  these  nuclei  are 
Uy  concerned  in  the  co-ordination  of  the  muscles  employed 
Juntary  or  unconscious  movements.  While  the  nucleus 
♦  Liepmann,  "Med.  Klin.,"  1907,  725. 
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lenticularis  is  conneet-pd  with  the  posterior  Rolandic  region  of  t6 
cortex,  the  n.  cauciatiti^  secmia  to  be  iEdepeiident  in  thiis  regiird 
and  to  te  provided  with  it«  own  sj^stem  of  projection  fibers 
With  regard  to  the  various  nuclei  of  the  thalamus,  it  is  known  tha 
they  form  abundant  connections  with  the  sensory  areas  of  the  cor 
tex  cerebri,  and  from  this  standpoint  they  may  be  regarded  a 
consisting  of  Bubcent.er8,  with  a  prol>abihty,  however,  that  reflexe 
may  occur  through  them  (subcortical  reflexes)  independently  C 
the  cortex.  Numerous  fibers  have  been  traced  from  the  thalamfl 
to  the  body  sense  area  (Flechsig).  Sachs*  states  that  the  thakml 
may  be  considered  as  being  comjxjsed  of  two  practically  indi 
pendent  parts:  an  inner  division,  which  has  relation  with  the  nucleu 
caudatus  and  the  rhinencaphalon,  and  an  outer  division,  whid 
on  the  one  hand,  serves  as  a  terminus  for  the  fibers  of  the  leif 
DISCUS  and  of  the  superior  cerebellar  peduncle,  and,  on  the  otW 
hand,  is  connectred  by  afferent  and  efTeren*  paths  with  the  cortfl 
of  the  Rolandic  region.  It  is  evident,  from  these  ralations  and  fr«! 
the  proximity  of  the  internal  capsule,  that  lesions  in  the  thalanul 
may  occasion  symptoms  of  a  very  diverse  character.  Ama 
these  symptoms,  we  should  expect  to  find  hemianesthesia  onj 
opposite  side,  owing  to  the  fact  that  the  thalamus  serves  i 
station  for  the  fibers  of  the  lemniscus. 

♦Sacha,  *' Brain/'  I,  1909. 


CHAPTER  XI. 

IHE  FUNCTIONS  OF  THE  CEREBELLUM,  THE  PONS, 
AND  THE  HEDULLA- 

The  functions  of  the  cerebellum  are,  in  some  respects,  less  satis- 
factorily knuwn  than  those  of  any  other  part  of  the  central  nervous 
systenL  Many  theories  have  been  held.  Most  of  these  views 
bve  been  attempts  to  assign  to  the  oi^gan  a  single  fimction  of  a 
definite  character,  but  latterly  the  insufficiency  of  the  theories 
proposed  has  led  observers  to  attribute  to  the  cerebellum  general 
properties  the  nature  of  which  can  not  be  expressed  satisfactorily 
in  a  single  phrase.  Before  attempting  to  give  a  summary  of  exist- 
ing views  it  will  be  helpful  to  recall  briefly  the  important  facts  re- 
garding its  structure  and  relations,  so  far  as  they  are  known  and  can 
be  used  to  explain  its  functional  value. 

Anatomical  Structure  and  Relations  of  the  Cerebelltun. — 
ITie  finer  histology  of  the  cerebellar  cortex  is  represented  in  Fig. 
103.  Three  layers  may  be  distinguished.  The  external  molecular 
layer  {A)^  the  middle  granular  layer  (B),  and  the  internal  medullary 
layer  consisting  of  the  white  matter  or  medullated  nerve  fibers, 
Jiffeient  and  efferent  (C).  Between  the  molecular  and  granular 
layers  lie  the  large  and  characteristic  Purkinje  cells  (a).  The 
dendrites  of  these  cells  branch  profusely  in  the  molecular  layer; 
their  axons  pass  into  the  medullary  layer.  From  the  standpoint 
of  the  neuron  doctrine  these  cells,  so  far  as  the  cerebellum  is  con- 
cerned, are  efferent.  They  form,  indeed,  the  sole  efferent  system 
of  the  cerebellar  cortex.  The  afferent  fibers  of  the  cerebellum  end 
in  both  the  granular  and  the  molecular  layers.  Those  that  termi- 
^te  in  the  granular  layer — designated  by  Cajal  as  moss  fibers, 
have  at  their  terminations  and  points  of  branching  curious  clumps 
of  small  processes;  they  probably  connect  with  the  dendrites  of  the 
'^e  cells  in  this  layer.  Those  that  pass  deeper  into  the  molec- 
ular layer  come  into  connection  with  the  dendrites  of  the  Purkinje 
**Ils,  around  which,  indeed,  they  seem  to  twine,  so  that  Cajal  desig- 
^^ted  them  as  climbing  fibers.  The  granular  layer  (B)  contains 
^^Umerous  granules  (g)  or  small  nerve  cells.  These  cells  are  spherical, 
ittid  have  a  relatively  large  nucleus  and  a  small  amount  of  cyto- 
plasm. Their  dendrites  are  few  and  short;  their  axons  run  into 
the  molecular  layer,  divide  in  T,  and  the  two  branches  then  run 
parallel  to  the  surface  and  doubtless  make  connections  with  the  den- 
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drites  of  the  Purkinje  cells  a.s  well  as  with  the  cells  of  the  tnoleeu 
layer.  A  few  larger  rier\^e  cells  of  Golgi*s  second  type  (/)  are  fou 
also  in  the  granuliir  layer.  In  the  molecular  layer  are  found  t^ 
types  of  cells:  the  larger  ba^iket  cells  {b)  whose  axons  terminate  I 
group  of  small  branches  that  inclose  the  body  of  the  Purkmje  od 
and  a  number  of  smaller  cells  (c),  situated  more  superficial 
whose  axons  pass  longitudinally  in  the  molecular  layer  and  t^ni 
nate  in  arborizations  or  baskets  that  doubtless  make  coimectll 
with  the  dendrites  of  the  Purkinje  cells. 
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Fig.  103.^Histology  of  the  cerebelluitt, — (From  OtierateUMr.) 


A  consideration  of  this  peculiar  and  intricate  structui^  enaH 
us  to  comprehend  that  the  cerebellar  cortex  presents  a  reflex  1 
of  a  vety  considerable  degree  of  complexity*  The  incoming  S 
pulses  through  the  moss  and  climbing  fibers  may  pass  at  once  toj 
Purkinje  cells  and  lead  to  efferent  discharges,  or  they  may  end 
the  cells  of  the  granular  or  molecular  layer  and  thus  l>e  rlistribd 
to  the  Purkinje  cells  in  a  more  indirect  way.  In  addition  to  \ 
cortex  the  cerebelhim  contains  several  masses  of  gray  matted 
its  interior:  the  large  dentate  nucleus  in  the  center  of  each  hfl 
sphere  and  the  group  of  nuclei  lying  in  or  near  the  middle  of 
medullary  substance  of  the  vermiform  lobe  (nucleus  fastigU, 
globosi,  and  the  n.  embolif ormis) .     The  iixons  of  the  PurU 
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cells  of  the  cortex  terminate  in  these  subcortical  nuclei,  and  the 
efferent  path  from  the  cerebellum  is  then  continued  by  new 
neurons.  Thus,  the  fibers  of  the  superior  peduncles  (brachium 
conjunctivum)  of  the  cerebellum  arise  chiefly  from  the  dentate 
nuclei,  and  only  indirectly  from  the  cortex.  The  anatomical 
»nnections,  afferent  and  efferent,  between  the  cerebellum  and 
)ther  parts  of  the  nervous  system  are  very  complex  and  not 
ret  entirely  known.  Without  attempting  to  recall  all  of  these 
ionnections,  which  will  be  found  described  in  works  upon  anat- 
•my  or  neurology,  emphasis  may  be  laid  upon  those  which  are 
.t  present  helpful  in  discussing  the  physiology  of  the  organ. 

1.  Connections  with  the  Afferent  Paths  of  the  Cord, — Through  the 
nferior  peduncles  (restiform  bodies)  the  cerebellum  receives  affer- 
nt  fibers  from  the  spinal  cord  and  the  medulla.  The  cerebello- 
pinal  fasciculus  undoubtedly  terminates  in  the  cerebellum,  and 
.ceording  to  some  observers  the  fibers  of  the  posterior  funiculi 
iter  ending  in  the  n.  gracilis  and  n.  cuneatus  are  also  continued 
n  part  to  the  cerebellum  by  nerve  fibers  passing  by  way  of  the 
nferior  peduncles.  This  latter  view  has,  however,  not  found 
onfirmation  in  recent  work,  most  authors  believing  that  the 
Cerent  fibers  of  the  posterior  funiculi  all  enter  the  lemniscus, 
iter  decussating,  and  pass  forward  to  the  thalamus.  Ascending 
ibers  arising  in  the  reticular  formation  of  the  medulla  and  the 
)Iivary  nucleus  may  take  this  path  to  the  cerebellum,  and,  on  the 
)ther  hand,  may  make  connections  with  the  sensory  tracts  of 
Ae  cord  or  the  sensory  nuclei  of  the  medulla.  Another  afferent 
^ract  of  the  cord,  that  of  Gowers  (fasciculus  anterolateralis  super- 
icialis),  ends  in  the  cerebellxun,  in  large  part  at  least,  forming  a 
W,  m  fact,  of  the  cerebellospinal  system.  The  nature  of  the 
*nsory  impulses  conveyed  in  this  way  to  the  cerebellum  is  not 
^tirely  understood,  but  it  seems  certain  that  some  of  them,  at 
^^,  arise  in  the  deeper  tissues,  the  muscles  and  joints.  This 
^t  and  the  similar  tract  of  Flechsig,  by  forming  an  afferent  con- 
nection between  the  deep  tissues  and  the  cerebellum,  present  a 
•mechanism  which  may  be  used  to  explain  the  influence  exercised 
oy  the  cerebellum  upon  muscular  activity. 

2.  Connections  with  the  Vestibular  Branch  of  the  Eighth  Cran- 
'^  Nerve. — ^This  branch,  arising  in  the  semicircular  canals  and 
Hriculus  and  sacculus,  ends  in  the  pons  in  several  nuclei  (Deiters*, 
^hterew's)  and  also  in  the  n.  fastigii  of  the  cerebellum.  These 
luclei,  in  turn,  are  connected  with  other  parts  of  the  central 
iervous  system,  but  the  details  are  not  yet  completely  known, 
t^e  connections  that  have  been  most  clearly  established  are 
^  made  with  the  motor  centers.  Through  the  medial  longi- 
^Mfinal  fasciculus  these  nuclei  are  connected  with  the  motor 
luclei  of  the  cranial  nerves  and  with  descending  paths  in  the  spinal 


Fig.  104* — Dmsram  to  Indicate  a  ijo^sible  dwirendinK  paith  from  cerebrum  to  coi 
dition  to  the  pyramidal  syiitem,  tiamdy.  the  secondaiy  of  rert^bellar  motoruflkl 
Gehucht^irJ.  Tiie  path  i-*  indirwct  and  oom.pri»ea  the-  following  units:  L  The 
IKHito-cv  rebel  La  r  path*  repreH«nl4^1  un  arising  in  tne  motor  area  of  the  cerebrum  aod 
down  with  the  pyrHmirlAl  #yHtem  to  end  in  the  pons,  thence  continued  through  thii 
peduncles  to  ttie  cerebellar  eorlex  of  oppciMite  sidfl.  2.  The  path  froTH  the  eerebelli 
to  the  dentate  nucleu!^.  A.  I1ie  puth  f rtiin  the  dentate  ntideuii  to  the  red  nuetew 
by  way  of  the  superior  pedunde-s  brachiiim  ermjunctivuim.  4,  Tlie  path  from 
nucleus  to  the  motor  cella  of  the  spinal  cord  (rubro'^ipinaJ  tract). 

that  such  tracts  exist,  in  vipw  of  the  fact  that  destruction 
semicircular  canals  and  severe  le^ioms  of  tlie  cerebellum  cause 
disturbancetj  that  are  strikingly  similar. 

3.  Comwciion^  imth  Other  Sensory  Nuclei, — In  addition 
special  sensory  connections  just  described,  it  is  stated  by  v 
neurologists  that  the  sensory  nuclei  of  the  vagus^  the  trigi 
and  the  auditory  nerves^  send  afferent  paths  into  the  cereb 
and  that  similar  paths  extend  from  the  primary  end  st 
of  the  optic  fibers.* 

*  See  Edinger,  ''Brain/'  29,  483,  1906. 
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4.  Connections  tvUh  the  Cortex  of  the  Cerebrum, — The  cerebellar 
cortex  is  connected  with  the  cerebral  cortex  by  the  large  system 
bown  as  the  cortico-ponto-cerebellar  tract  (see  Fig.  82,  A).  The 
ibereof  this  tract  arise  in  the  motor  area  of  the  cerebrum  or  in  the 
rontal  cortex  anterior  to  the  motor  area,  descend  in  the  internal 
apsule  and  cerebral  peduncle,  and  end  in  the  gray  matter  of 
he  pons.  Thence  new  axons  continue  the  path  across  the 
lid-line  and  to  the  cerebellar  cortex  by  way  of  the  middle 
eduncle  (brachium  pontis).  The  tract  would  seem  to  convey 
fferent  impulses  from  the  cerebral  cortex  (motor  region)  of 
ne  side  to  the  cerebellar  cortex  of  the  opposite  side.  A  second 
ossible  connection  with  the  cerebrum  is  made  by  way  of  the 
lalamus.  Fibers  arising  in  the  dentate  nucleus  emerge  by 
ay  of  the  brachium  conjunctivum  and  connect  with  the  red 
ucleus  in  the  subthalamic  region  and  perhaps  also  with  the 
lalamus.  The  latter  fibers  may  be  continued  forward  to  the 
ortex  of  the  cerebrum  and  thus  constitute  an  afferent  path  from 
erebellum  to  cerebrum.  Those  fibers,  on  the  contrary,  which  end 
1  the  red  nucleus  are  brought  into  reflex  connection  with  the 
KJtor  bundle  (rubrospinal  tract),  extending  from  the  red  nucleus 
3  the  motor  centers  in  the  spinal  cord.  Making  use  of  the  connec- 
bns  described  above.  Van  Gehuchten  pictures  an  indirect  motor 
ath  from  the  cortex  of  the  cerebrum  to  the  motor  nerves  by  way 
f  the  cerebellum  (see  Fig.  104).  The  motor  impulses  descend  by 
•ay  of  the  cortico-ponto-cerebellar  path  to  the  cerebellar  cortex, 
bence  to  the  dentate  nucleus,  thence  to  the  red  nucleus,  and  then, 
y  way  of  the  rubrospinal  tract,  to  the  motor  nuclei  of  the  spinal 
erves. 

Theories  Concerning  the  Functions  of  the  Cerebellttm. — 
lodem  views  concerning  the  functions  of  the  cerebellum  may  be 
barified  under  three  general  heads:  First,  those  that  consider  it 
general  co-ordinating  center  or  organ  for  the  muscular  movements 
nd  especially  for  those  concerned  in  equilibrium  and  locomotion. 
Ws  view,  first  proposed  essentially  by  Flourens  (1824),  has  been 
dopted  by  many,  perhaps  by  most,  writers  since  his  time.  The 
Muiner  in  which  the  organ  serves  to  co-ordinate  these  movements 
48  been  explained  in  various  ways.  According  to  the  older  ob- 
ervers,  it  was  supposed  so  to  arrange  or  group  the  various  motor 
npulses  that  they  reached  the  lower  motor  centers  in  the  cord 
1  the  necessary  combination  for  co-ordinated  contractions.  Ac- 
5nling  to  more  recent  observ'^ers,  this  synergetic  action  is  exer- 
ted not  directly  on  the  motor  side  of  the  reflex  but  on  the  sensor}'^ 
de.  The  numerous  sensory  paths  connected  with  the  organ, 
ipecially  those  of  the  muscular  sense,  and  those  from  the  vestibular 
Jrve,  suggest  the  view  that  in  the  complex  cortex  of  the  cerebel- 
m  these  afferent  impulses  act  upon  nervous  combinations  whose 
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discharges  in  turn  tire  conveyed  to  the  motor  centers  in  a  defimtj 
and  orderly  secjuence.     Either  jwiiit  of  \iew  assumes  that  the 
are  in  the  cerebeilurn  certain  distinct  mechanisnis^that  is,  oombf" 
nations  of  neurons  that  are  essentially  reflex  centers,  and  that  in 
all  of  our  more   complex  bodily   movements  the.se  mechanismi 
intervene.     The  second  general  set  of  theories  regarding  the  cere- 
bellum assumes  that  this  organ  Ls  essentially  the  center  or  a  center 
for  the  muscle  sense.     TJiis  view  Ls  connected  usually  with  the  nanae 
of  Lussana^*  but  has  been  support^ed  since  in  one  sense  or  another 
by  many  observers,  f    It  is,  in  fact,  not  essentially  different  pe^ 
haps  from  the  second  phase  of  the  first  group  of  theories.     Thoee 
who  have  expressed  their  idea  of  the  physiology*  of  the  cerebellum 
by  saying  that  it  is  a  center  of  the  muscle  sense  have,  in  recent 
times  at  least,  reoognizcd  that  this  sense  has  a  cortical  center  also  in 
the  cerebrum.    The  view  can  not  assume,  therefore,  a  consebus 
muscle  sense  mediated  by  the  cerebellum,  but  only  that  fil)cr8  of 
deep  sensibility  have  a  cortical   termination  therpin,   and  that 
the  cerebellar  activity  thiLs  aroused  is  in  some  way  ncci^sjian'  to 
the  orderly  adjustment  of  complex  voluntary  movements.    Il 
would  seem  to  be  evident  that  on  any  theory  of  this  kind  the 
results  of  cerebellar  aeti\nty  must  be  exerted  throui^h  some  effercal 
channel  upon  the  nmscles  concerned  in  equilibrium  and  Ixwly* 
movements.     No  direct  efferent  path  between  the  cerebellar  cor- 
tex and  the  motor  centers  of  the  cord  has  been  established  witi*- 
factorily,  but  it  may  be  that  the  indirect  path  through  the  superior 
peduncles  to  the  re<\  nucleus  and  thence  to  the  cord  through  the 
rubrospinal    tract   subserves    this    function.     According   to  aji- 
other  point  of  view,  the  cerebellum  is  a  great  augirienting  or- 
gan for  the  neuromuscular  syst€*m.     It  is  added  on,  as  it  were,  to 
the  cerebrospinal  motor  system,  and  serves  not  to  co-ordinate  the 
motor  discharges,  but  to  increase  tht^r  strength  or  effectiveness. 
This  general  \dew,  first  proposed  by  Weir  Mitchell  (1869),  has  been 
supported  by  Luys,  and  especially,  although  with  imix>rt.ant  modi- 
fications, by  Luciani.t     Some  of  the  details  of  the  work  of  the 
latter  observer  are  given  below. 

Experimental  Work  Upon  the  Cerebellum*— Rolando,  and  par- 
ticularly  Flourens,  gave  the  direction  to  modem  experimentatioo 
in  this  subject.  The  latter  oljservTr  made  numerous  obsen^ationsr 
esfx^cially  on  pigeons,  in  regard  to  the  effect  of  removing  all  or  a 
part  of  the  cerebellum.  He  describes  in  detail  the  striking  resulU 
of  such  an  operation.    When  all  or  a  large  part  of  the  organ  is  re^ 


8ee  *'  Journal  di?  la  physioL  de  rhomme, 

V  f .  Pby»iologie, "  1M3.  129. 


5,  418,  1862, 


*  LuBsana. 

t  Scse  Lewandowsky,  ''Archiv 

J  For  the  !itfratyre  of  tlio  eerebelliim,  see  Lxiciani,  "  II  c^rvelleto,  *'  Fl***' 
eace,  1891;  Gerrnan  translation,  "'Das  Kleinhim. "  1893.  Abo  Liiriani.  article 
*'Da8  Klninlnrn/'  in  "  ErK<*bms.He  der  PhyHiol(>Erit\ '' vol.  tii,  part  ii,  p.  25(*» 
1904,  and  van  Rynberk,  ibid.,  vii,  653,  1908. 
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moved  the  animal  shows  a  most  distressing  inability  to  stand  or 
awve.  There  seems  to  be  no  muscular  paralysis,  but,  at  first, 
i  total  lack  of  power  to  co-ordinate  properly  the  contractions  of  the 
raiious  muscles  involved  in  maintaining  equilibrium.  The  animal 
akes  a  most  abnormal  position,  with  the  head  retracted  and 
wisted,  and  any  attempt  to  move  is  followed  by  violent  disorderly 
ontractions  that  may  result  in  a  series  of  involuntary  somersaults, 
rhe  animal  is  totally  imable  to  fly.  When  the  injury  to  the  cere- 
idluin  is  less  the  effect  upon  the  movements  is  either  too  slight 
0  be  noticed  or  is  shown  in  a  greater  or  less  uncertainty  in  its 
aovements.  When  it  attempts  to  walk,  for  instance,  it  exhibits 
•  staggering,  drunken  gait,  a  condition  designated  as  cerebellar 
taada.  Similar  operations  on  mammals  give  in  general  the  same 
isults.  If  the  operation  is  unilateral, — ^that  is,  affects  only  one 
onisphepe, — ^the  animal  (dog)  exhibits  forced  movements,  such 
8  a  tendency  to  roll  around  the  long  axis  of  his  body  toward  the 
yuied  side  and  subsequently  movements  in  a  circle  toward  the  same 
de.  In  man  there  are  several  cases  on  record  in  which  the 
rgan  was  shown  by  autopsy  to  be  largely  or  completely  atro- 
hied,  and  numerous  cases  of  tumors  affecting  the  cerebellum 
ave  also  been  reported.  In  the  latter  group  of  cases  there 
lay  be  certain  marked  subjective  symptoms,  such  as  headache, 
ad  especially  vertigo,  and  also  a  certain  degree  of  ataxia  or 
tricwardness  and  uncertainty  of  movement,  together  perhaps  with 
ttiures  or  spasms  in  which  the  muscles  assmne  a  tonic  rigidity.  So 
la)  in  the  cases  of  atrophy,  in  which  probably  the  condition  devel- 
ps  slowly  through  a  number  of  years,  a  degree  of  ataxia  is  ex- 
ibited,  especially  when  the  movements  are  rapid  and  forced. 
Q  the  ataxic  condition  resulting  from  tabetic  lesions  of  the 
osterior  funiculi  the  effect  upon  the  movements  is  increased 
y  covering  up  the  eyes  (Romberg's  symptom),  the  individual 
•eing  then  deprived  of  his  visual  stimuli  as  well  as  those  coming 
>y  way  of  the  muscular  and  cutaneous  nerves.  In  cerebellar 
ataxia,  however,  the  effect  is  not  increased  by  closure  of  the 
-yes,  a  result  which  is  probably  explained  by  the  fact  that  the 
individual  still  possesses  his  paths  of  muscular  and  cutaneous 
inability  to  the  cerebrum,  and  these  senses  may  be  used  in  the 
'cflex  adjustments  of  voluntary  movements. 

Interpretation  of  the  Experimental  and  Clinical  Results.— 
Rourens  was  led  by  the  striking  results  of  his  operations  on  pigeons 
^  suggest  the  view  that  the  cerebellum  is  an  organ  for  the  co- 
wdination  of  the  movements  of  equilibrium  and  locomotion. 
Objections  were  raised  to  this  view.  Some  observers  (Dalton, 
ifeir  Mitchell)  found  that  if  the  pigeons  from  which  the  cerebellum 
i*d  been  removed  were  kept  long  enough  the  effects  first  observed 
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gradually  disappeared,  so  that  finally  the  aaunals  were  able 
move  or  fly  with  no  marked  difference  from  the  normiU  aaii 
except  that  fatigue  was  shown  ranch  more  quickly.     Hence 
view  advocated   by   Mitchell  that  the  essential  function  of  Un 
cerebellum  is  that  of  an  auf!:mentiiig  apparatus  for  the  volun  J 
movements.     With  regard  to  this  view  it  may  be  remarked  n 
passing  that  pigeons  with  the  cerebral  hemispheres  removed  exhibil 
apparently  as  a  permanent  symptom  the  same  tendency  to  mpa 
fatigue  after  sustained  muscular  effort..     By  the  same  logical  procea 
therefore  one  might  conclude  that  one  function  of  the  cerebmB 
is  that  of  an  augmenting  organ  to  the  motor  discharges  from  Um 
cerebellum  or  midbrain.     So  also  the  cases  of  complete  or  nearij 
complete  atrophy  of  the  cerebeUum  in  human  beings   in  which  M 
evil  result  follows  other  than  a  slight  degree  of  cerebellar  ai 
have  Ijeen  used  as  an  argument  against  the  \iew  that  this  oi 
is  necessarv^  to  the  co-ordination  of  the  complex  voluntar}'  m< 
ments.     The  view  that  the  cerel>elltim   has   essentially   a  di; 
co-ordinating  function  has  been  criticized  most  seriously  by  LuciaiS; 
This  observer  made  a  series  of  long-continued  and  most  care^ 
obsen-^ations  upon  dogs  and  monkeys  in  which  the  entire  ofl 
bellum  or  certain  definite  parts  had  been  removed.     He  Ia\^stfl 
upon  the  fact  that  the  violent  disturbance  of  movement  l^  td 
porary  and  is  slowly  recoveretl  from  in  time.     He  was  led^  therefa 
to  view  these  disturbances  as  due  primarily  not  to  the  loss  of  theni 
mal  functional  activity  of  the  organ,  but  to  irritations  resulting ta 
the  operation.     WTien  this  stage  of  irritation  is  passed  ih&  I( 
defects  which  indicate  the  tnie  function  of  the  cerebellum  beca( 
apparent.     These  defects  exhibit  themselve.s  as  a  loss  of  poi 
in  the  neuromuscular  apparatus  of  the  complex  voluntur\'  nwfl 
ments,  and  he  analyzes  these  results  under  three  heads:  Fll 
a  loss  of  force  in  the  muscular  contract ions.^a  condition  of  astheoS? 
second,  a  losii  of  tone  in  the  muscles  of  the  limbs  and  trunk, 
ticularly  in  the  hind  limbs,— a  condition  of  atonia;   and^  tli 
loss  of  steadiness  in  the  muscular  contractions,— a  condition 
astasia.     The  astasia  manifests  it.self  in  a  tremor  of  the  mi 
when  voluntarily  contractetl,  especially  in  movements  reqi 
much  exertion,     Luciani  supfwses  that  this  tremor  is  due  to 
alteration — that  is^  a  slowing — of  the  rhythm  of  discharges  of 
impulses  from  the  motor  centers.     The  functions  of  the  cerebel 
on  his  iheon^  are  expressed,  therefore,  by  saying  that  it  is  an 
menting  organ  for  the  activity  of  the  neuromuscular  apparatus;  aiK 
that,  so  far  as  tliis  augmenting  or  strengthening  acti\ity  can  be 
lyzed,  it  consists  in  an  increase  in  the  energ\*  of  the  motor  disci 
(sthenic  action),  an  increase  in  the  tension  or  tone  of  the 
centers  and  their  connecte<l  musele>s  (tonic  action),  and  an  Increw 
in  the  rhythm  of  the  motor  impulses  (static  action)  so  that  noi 
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maDy  the  muscular  contractions  are  of  the  nature  of  complete 
tetani.  Luciani  believes  that  this  action  of  the  cerebellum  is 
continuous,  although  varying  in  intensity,  and  that  it  affects  all 
rf  the  musculature  of  the  body,  and  not  simply  the  muscles  con- 
cerned in  body  equilibrium.  This  constant  motor  activity  is  in 
turn  dependent  upon  a  constant  inflow  of  sensory  impulses  into 
tke  cerebellum  along  its  afferent  connections,  particulariy  upon  the 
impulses  from  the  vestibular  portion  of  the  internal  ear,  and  those 
from  the  muscle  sense  fibers  and  similar  fibers  of  so-called  deep 
aeosibility.  The  constant  augmenting  activity  of  the  cerebellum 
kf  therefore,  a  species  of  reflex  effect, — a  reflex  tonus  which 
affects  all  the  musculature.  Whether  the  cerebellar  mechanism 
k  eepecially  arranged  to  co-ordinate  its  effect  upon  the  neuro- 
muscular apparatus — that  is,  in  some  way  to  adapt  the  move- 
ments to  a  definite  end — Luciani  leaves  an  open  question.  He 
does  not  believe  that  a  lack  of  co-ordination  (cerebellar  ataxia) 
is  necessarily  present  in  cerebellar  lesions;  but  admits  that,  if  this 
qrmptom  is  an  invariable  one,  it  would  be  necessary  to  add  to 
be  general  augmenting  activity  of  the  cerebellum  also  a  general 
idaptive  or  co-ordinating  activity.  It  is  precisely  this  latter  feature 
which  stands  out  in  the  minds  of  most  physiologists  as  the 
duuracteristic  function  of  the  cerebellum,  while  Luciani  considers 
that  it  is  not  demonstrated  by  clinical  or  experimental  facts,  and 
that  even  if  demonstrated  it  would  have  to  be  considered  as  a 
part— perhaps  a  subordinate  part — of  the  functional  influence  of 


Conclusions  as  to  the  General  Functions  of  the  Cerebel- 
lum,— It  is  evident  that  an  authoritative  statement  of  the  function 
or  functions  of  the  cerebellum  is  impossible.  It  seems  quite  clear, 
however,  that  the  organ  exerts  a  regulating  influence  of  some  kind 
upon  the  neuromuscular  apparatus  of  our  so-called  voluntary 
movements.  The  precise  nature  of  the  regulating  influence  is  in 
diqmte,  and  one  who  reads  the  literature  finds  it  difficult  at  times 
to  separate  clearly  the  different  theories  proposed,  since  some 
•utiiors  are  content  with  general  statements  and  others  attempt 
*  more  specific  analysis.  On  the  whole,  it  seems  desirable  at 
present  to  hold  to  the  general  idea,  introduced  by  Flourens,  that 
the  cerebellum  is  a  central  organ  for  co-ordination  of  voluntary 
jnovements,  particularly  the  more  complex  movements  necessary 
^  equilibrium  and  locomotion.  Instead,  however,  of  assuming 
rtth  Flourens  that  the  cerebellum  contains  a  co-ordinating  principle, 
■a  expression  that  means  nothing  at  present,  we  may  assume  that 
it  exerts  its  co-ordinating  influence  by  virtue  of  the  definite  nervous 
ntechanisms  contained  in  it — that  is,  by  nervous  complexes  which, 
on  the  afferent  side,  are  connected  with  the  peripheral  sensory 
nerves  to  the  vestibule  of  the  ear,  the  muscles,  joints,  etc.,  and  on 
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the  efferent  side  fire  in  dirert  or  indirect  relations  with  the  mol 
centers  of  the  eord*  Co-ordinated  movements  requiring  the  coJ 
bined  and  sustained  activity  of  a  nmnl^^r  of  muscles  depend 
some  way  upon  a  combination  of  the  acti\'ity  of  these  mechanic 
with  the  discharging  mechanisms  farther  forward  in  the  bi 
(eerebnmi).  Whether  this  co-activity  consists  in  the  atlditiofl 
a  tonic  element  to  the  impidses  proceeding  from  the  cerebnimi 
would  be  imphed  by  the  results  of  Luciam's  experiments*  orwhrf 
the  cerebellum  participates,  through  some  form  of  representai 
of  these  movements,*  based  upon  the  afferent  impulses  recei^ 
through  t!ie  paths  already  described,  cannot  be  settled  at  1^^| 
Luciani's  conception  has  the  recommendation  of  being  bas^^J 
a  large  amount  of  experimental  work,  and  it  may  be  included 
utilized  in  a  general  theorj'  of  a  co-ordinating  function  of  the  C6 
bellunii  if  we  assume  that  the  effect  of  this  organ  on  muscular  t( 
icity  is  adaptive,  that  is  to  say,  varies  in  a  definit-e  way  in 
different  muscles  according  to  the  character  of  the  afferent 
pulses  received  from  the  muscles,  joints,  labyrinth,  etc.  That 
adaptive  tonicity  of  the  muscles  actually  occurs  is  demonstral 
by  experiments  (see  p,  404),  and  we  can  imderstand  that  a  t^ 
lated  tonicity  of  this  kind  may  constitute  the  foundation  u| 
which  the  normal  co-c*rdination  of  the  muscles  is  effci*ted, 
fact  that  in  birds  as  well  as  in  higher  forms  the  animal  eventi 
learns  to  co-ordinate  such  movements  after  the  loss  of  the  cefel 
lum  does  not  invalidate  this  conclusion.  In  the  first  pi 
recovery  in  such  esmes  is  not  entirely  complete^  since  soi 
is  still  manifested  in  vigorous  or  hurried  movements, 
amount  of  restoration  of  normal  activity  which  is  oh 
be  referred  to  a  possible  adaptation  or  training  in  the  cerd 
portion  of  the  mechanism.  The  relative  partes  taken  by 
cerebellum  and  the  cerebrum  in  such  movements  var>^  probablj 
different  animals  and  in  different  movements  in  the  same  aniil 
Kcmoval  of  the  cerebrum  from  a  pigeon  leaves  an  animal 
almost  perfect  power  of  controlling  its  equilibrium.  In  the  dfl 
similar  operation  is  followed  by  a  longer  ptTiod  of  inability  to 
trol  perfectly  the  movements  of  locomotion,  and  it  is  prohl 
that  in  man  after  such  an  operation  the  power  of  locomotion 
be  acfjuired  more  slowly,  if  at  all.  On  the  other  hand,  the  vi( 
effect  upon  such  movements  caused  by  the  removal  of  the 
lum  in  the  pigeon  is  less  evident  in  the  dog,  and,  if  we  may  ji 
from  the  incomplete  data  of  clinical  neurology,  very^  much 
evident  in  man.  In  man  the  motor  control  of  the  volunl 
muscular  system  through  the  cerebrum  is  more  highly  deveta 
than  in  the  lower  animals. 

•  Sef-  Horsley,  "Brain,'*  1906,  440, 
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Lewandowsky's  *  suggestion  that  normally  in  man  the  finer, 
more  conscious  movements  of  the  body  are  controlled  directly 
from  the  cerebrum,  while  the  subconscious  or  dimly  conscious 
movements  of  locomotion  and  equilibrium,  which  are  of  a  more 
sustained  or  tonic  character,  are  regulated  through  the  cerebellar 
centers  seems  to  be  in  accord  with  the  facts  known. 

The  Psychical  Functions  of  the  Cerebelltmi. — ^In  the  cerebel- 
lum, as  in  the  other  nerve  centers  below  the  cerebrum,  we  have  to 
consider  the  possibility  of  a  psychical  or  conscious  side  to  the  activity 
of  the  organ.  It  seems  clear,  however,  that  the  degree  of  conscious- 
ness, if  any,  exhibited  by  the  cerebellum  is  of  a  much  lower  order 
than  that  shown  by  the  cerebrum.  All  observers  agree  that  there 
18  no  apparent  loss  of  sensations  after  removal  of  the  cerebellum, 
but  Luciani,  Russell,  and  others  state  their  belief  that  in  some 
indefinable  way  the  mentality  of  the  animal  is  affected  by  such 
operations.  Whatever  functions  of  this  kind  are  present  we  can 
define  only  by  the  unsatisfactory  term  of  subconscious  rather  than 
unconscious.  As  far  as  can  be  determined,  this  effect  is  felt  mainly 
upon  the  muscular  sense  and  the  sense  of  position  and  of  direction. 
Localization  of  Function  in  the  Cerebelltun. — All  observers 
«pee  that  so  far  as  the  influence  of  the  cerebellum  on  the  muscula- 
ture of  the  body  is  concerned,  it  is  homolateral, — that  is,  each 
balf  of  the  cerebellum  is  connected  with  its  own  half  of  the 
body.  The  connection  with  the  motor  areas  of  the  brain  is  the 
reverse,  the  right  half  of  the  cerebrum  being  in  relation  with  the 
left  half  of  the  cerebellum.  These  relations  are,  in  the  main, 
borne  out  by  the  anatomical  course  of  the  motor  and  sensory 
patb  described  above.  There  arises,  however,  the  question 
whether  or  not  there  is  a  localization  of  function  in  the  cere- 
bellum, that  is,  whether  definite  parts  of  the  cerebellar  cortex 
we  in  specific  relations  with  separate  muscles  or  groups  of 
muscles.  The  possibility  of  a  localization  of  function  was 
suggested  years  ago  by  experiments  made  by  Ferrier,  in  which 
dcctrical  stimulation  of  the  cortex  gave  definite  movements 
of  the  head,  limbs,  and  especially  of  the  eyes,  the  movements 
varying  somewhat  according  to  the  part  stimulated.  These 
results  were  not  wholly  confirmed  by  later  observers.  Horsley 
tod  Clarkef  state  that  such  strong  stimuli  are  required  to  obtain 
•  decisive  effect  from  the  cortex  of  the  cerebellum  that  it  may  be 
questioned  whether  in  positive  cases  the  result  is  due  to  excita- 
tion of  the  cortex  itself  or  to  an  escape  of  stimulus  to  the  under- 
ying  nuclei.  Direct  stimulation  of  the  dentate  nucleus  gave 
hem  conjugate  movements  of  the  two  eyes.     These  indications 

•  Lewandowsky,  "Archiv  f.  Physiologie,"  1903,  129;  see  also  Kohnstamm, 
\rphiv  f.  d.  gesammte  Physiologie, '*  89,  240,  1902. 
t  Horsley  and  Clarke,  "Brain,"  28,  13,  1905. 
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of  a  localization  have  been  strpngthened  by  the  results  of 
parative  auatoniy,  and  espeeially  l>y  the  effeets  of  ablation 
definite  parts  of  the  cortex.     Earlier  experimenters^  using 
method  of  al>lation,  obtained  quite  negative  results   from  th 
standpoint  of  li^ealization^  but  this  seems  to  have  been  due 
the  fact  that  a  faulty  anatomical  schema  was  used:  a  whole  hen 
sphere,  or  the  entire  vermiform  lobe,  etc,,  was  removed,     Lat 
experimenters*  have  adopted  the  newer  anatomical  schemat 
which  take  account  of  the  true  genetic  relations  of  the  vario 
lobes  and  lobules  of  the  cerebellum,  and  they  have  been  rew^ard6 
by  obtaining  results  of  a  positive  character.  The  newer  anatomic 
nomenclature  is  illustrated  in  Fig.  105,  which  gives  a  schemat 
representation  of  the  arrangement  of  the  lobules  of  the  cen 
bellum  of  the  dog,  according  to  Bolk.     Following  this  schec 
van   Rynberk  reports  that  excision  of  the  lobulus  simplex 
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Fis.  105.— Scheram  of  dog's  c«i«beUum  to  show  BdHc's  nomeoclaturc  for  the  loba  l 
sulci.  Dorsal  view  ;  L&,  lobus  anterior  (tlib  lobe  i*  Mt*pn rated  from  the  lancer  poet«riorli 
by  th«]  deep  primary  S^un*,  Spt)  \  la,  ]obuitiA  simplex;  Lana^  lobyltiA  nn«ifomiit ;  ' 
loDulua  ikamnitidjanu.'! ;  Lmp,  loouJua  medianun  posterior  ;  Fv,  fommtiA  vermictilans  { 
tckoaillArts)  \  C\  crus  prijnum  ;  C*.  crtia  *e«iyridum  ;  Spr,  sulcus  primariua  ;  5|»,  i 
pftimmedianiu  ;  Si,  Hulcuji  intercrumli^. — tAfter  tan  Hvrwerk.} 


followed  by  movements  of  the  head  (head  nystagmus),  whic 
indicate  an  abnormal  innervation  of  the  neck  muscles.  Injur 
on  one  side  of  the  crus  primum  of  the  ansift^rm  lobule  is  followe 
by  abnormal  movements  of  the  forefoot  of  the  same  side,  whil 
similar  injuries  to  the  crus  secundum  result  in  abnormal  move 
ments  localized  to  the  hind  foot-  Extirpation  of  a  lobuh 
paramedianus  causes  rollire;  movements  round  the  long 
of  the  body  or  bending  of  the  body  to  one  side  (pleurothotonus)] 
It  is  to  be  expected  that  extension  of  this  work  will  throw  muc 
light  upon  the  specific  relations  of  the  cortex  of  the  cerebelluil 
to  the  musculature  of  the  body* 

•  Van   Rviiberk,    "General   Uctow  in   Ergebaiase  der  Phj-sioh^ide," 
653,  1908,  ami  12,  533,  1912. 


FU   106. — Nucini  of  origin  c»r  motor  ami  primary  temintil  j  .^ 

nfirveA  (Hehf):  8<'ljeTii jiH fully  vepmsoneeci   in  i%  HuprHi^erlly  tranHpst«nt  timin 
from  bc-hind       (Nuclei  miti    roots   nt    m»UtT    riprven    in    liRht  rewj,  rif  tmnsot 
pUTiAe,     Cfx'hlcnr    ncrvp  in   yellow.)     4,  mirleus  of   the   ttiinl    nen'e   (n,    04 
5,    nurleu>  of   rhe  loiirib   npr\"?  (n.  tf«j«hl(?ari«|i;  fi,   the  fourth  nerve;   7t  lh< 
(motor)   To*ir    iif   tin?    filth    nerve;    S,    the    jmnripal    motor    tinrleue    nf    tb#' 
9,   the* J'emi lunar  gnnKlinn    (if.   (.JasHeri):    26,    the   a-Hcentiniie    t sensory)    rix#t 
ner\'c;   14.    nueleii?.    t-f    tho    '■ixth    cranial    nerve;     15,    nufleu«    of    the     fjic4 
ner\'e;    Ifi,  the  faci.1l  nerve;  34,  33.  nucleus  of  the  ve?*tibulftr  branch  nf  the  e 
nerve;  .'^2,  vent  ml  nucleu?'  of  the  eochlear  branch  of  the  ciahth  iierA^e:   '>?♦  fh 
of  the  cochJear  branch  of  the  eij^hth  nerve;  19,  2ft,  the  fflossfjphjirji^nffri!*!  i.t.r-v-i 
va^jA  nerve;    20»  motor  nuclei   nf  rajrnjs  anil   Kh^j^^opharyn^Keal  (tnii 
nueleu4  dorsalif);   Z?,  31.  nucleus  nf  the  tthe  cinerpH*,  the  solitary  bu 
17*  the  eleventh  or  jipLnal  acce>!*rirj'  nerve;  22,  nucleu*  mf  the  Hptnul  ; 
of  the  Kypogloaaal  nerve,— (Knim  *'5p*i£leAo/r.    'I In 
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The  Medulla  Oblongata. — In  the  medulla  oblongata  we  must 
lecogDize  a  r^on  of  special  physiological  importance  in  that  it 
is  the  aeat  of  certain  centers  which  control  the  activity  of  the 
circulatoiy  and  respiratory  organs.    If   the  medulla  is  severed 
from  the  portion  of  the  brain  lying  anterior  to  it  the  animal  con- 
tinues to  live  for  a  considerable  period.    The  respiratory  move- 
ments are  performed  rhythmically,  and   the  blood-vessels  retain 
their  tone  so  as  to  maintain  an  approximately  normal  blood-pressure. 
On  tbe  oontraty,  destruction  of  the  medulla,  or  severance  of  its 
eonnectioos  with  the  imderlying  parts,  is  followed  by  a  cessation 
of  respiration  and  a  loss  of  tone  in  the  arteries,  either  of  which 
results  in  the  rapid  death  of  the  organism  as  a  whole.    The  portions 
of  the  medulla  which  exercise  these  important  functions  are  desig- 
nated, respectively,  as  the  respiratory  and  the  vasomotor  or  vaso- 
eoQstrictor  centers.    Their  location  and  to  some  extent  their  con- 
nections have  been  determined  by  physiological  experimentSi  but 
so  far  it  has  not  been  possible  to  mark  out  histologically  the  exact 
:    groups  of  cells  concerned.    The  position  and  physiological  properties 
of  these  centers  are  described  in  the  sections  on  respiration  and 
dzvulation.    These  centers  are  of  especial  importance  because  of 
their  wide  connections  with  the  body,  their  essentially  independent 
activity  in  reference  to  the  higher  parts  of  the  brain,  and  the  abso- 
lutely necessary  character  of  the  regulations  they  eflfect.    In  the 
development  of  the  brain  the  functions  originally  mediated  by  the 
lower  parts  have  been  transferred  more  and  more  to  the  higher 
parts,  especially  in  regard  to  conscious  sensation  and  motion,  and 
the  so-called  higher  psychical  activities.    But  the  unconscious  and 
in\'oluntary  regulation  of  the  organs  of  circulation  and  respiration 
and  to  a  certain  extent  of  the  other  visceral  organs  has  been  cen- 
tralized, as  it  were,  in  the  medulla.    In  addition  to  the  control 
of  the  respiration  and  circulation  other  important  reflex  activities 
are  effected  through  the  medulla  by  means  of  the  vagus  nerve, 
which  has  its  nucleus  of  origin  in  this  part  of  the  brain.    Such,  for 
instance,  are  the  reflex  control  of  the  heart  through  the  cardio- 
inhibitory  center  and  of  the  motions  and  secretions  of  the  alimentary 
canal. 

The  Nuclei  of  Origin  and  the  Functions  of  the  Cranial 
Ferves. — ^The  origin,  course,  anatomical  and  physiological  relations 
of  the  first  or  olfactory,  second  or  optic,  and  eighth  or  auditory 
nerves  have  been  referred  to  in  the  preceding  pages.  For  the 
sake  of  completeness  the  origin  and  functions  of  the  other  cranial 
nerves  may  be  sununarized  briefly  in  this  connection. 

The  Third  Cranial  Nerve  (N.  Oculomotorius) . — ^This  nerve  arises 

from  the  base  of  the  brain  on  the  median  side  of  the  corresponding 

pedunculus  cerebri.     It  is,  so  far  as  is  kno\vn,  only  a  motor  nerve, 

supplying  fibers  to  four  of  the  extrinsic  muscles  of  the  eyeballs — 

16 
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namely,  the  internal  rectus*  the  superior  rec^tus,  the  inferior 
and  the  inferior  oblique — and  to  the  levator  palpebrae.  It 
vates  also  two  important  intrinsic  muscles  of  the  eyeball,  the 
muscle  used  in  accommodating  the  eye  in  near  vision,  a 
sphincter  of  the  iris,  which  controls  in  part  the  size  of  the 
These  two  latter  muscles  belong  to  the  type  of  plain  i 
and  the  fibers  of  the  third  nerve  which  innervate  them  ter 
in  the  ciliary  ganglion,  whence  the  path  is  continued  b; 
pathetic  nerve  fibers  (postganglionic  fibers)  to  the  muscl 
the  interior  of  the  brain  the  fibers  of  the  third  nerve  arise 
conspicuous  nucleus  or  collection  of  nuclei  situated  in  tl 


i 


Edmger-Westphfti  nueleub 
Prmapal  oucleiM 


f? 


Nucleus  of  4th  i 


Pif.  107, — Nucltl  of  origin  of  ihe  third  and  fourth  mervw. — (Fn>m  Poiritrandi 

tral  gray  matter  of  the  midbrain  at  the  level  of  the  superi 
liculus.  The  fibers  for  the  ciliary  muscle  and  sphincter  | 
arise  more  anteriorly  than  those  for  the  extrinsic  muscles, 
tologically  three  parts  at  least  may  be  distinguished,  as  sh 
Fig,  107| — namely,  the  lateral  (or  principal)  nucleus,  whici 
origin  chiefly  to  the  fibers  innervating  the  extrinsic  muscJ 
median  nucleus;  and  the  nucleus  of  Edinger-WestphaL  Ace 
to  Bernheimer*  the  large  median  nucleus  gives  rise  to  th< 
that  innervate  the  ciliary  muscles,  white  the  Edinger-W< 
nuclei  (accessory  nuclei)  control  the  movements  of  the  sp 
muscle  of  the  iris.     Some  of  the  fibers,  particularly  thoe 

♦  Bemheiraer,  in  "  Graefe*Saemiscb's  Handbuch  dergee.  Augenhei] 
8d  ed,  I,  41. 
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the  lateral  nucleus  to  the  inferior  rectus,  the  internal  rectus,  and 
the  inferior  oblique,  cross  the  mid-line  and  emerge  in  the  nerve 
of  the  opposite  side. 


««  lOS.'^l'^^^'^'ii  ahcwing  the  ayeraoe  area  of  distribution  of  the  senaory  fibers  of  the 
■*•  triceminal  nerve. — iCtMhing,) 
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U.o^'t^ 


Senaory  root.       Molar  root. 


(P 

Acoeseor] 

motor 

nucleus. 

p 

Desc. 

motor 
root. 

ifc^ 

B' 

Principal 

motor 

nucleus. 

^\           apinal  root. 

fig.  KXL— iTueU  of  origin  of  the  fifth  cranial  nerve. — (From  Pairier  and  Charfty^  after 
Van  Oehuehten,) 

The  Fourth  Cranial  Nerve  (N.  TrocJdearis) . — This  nerve  emerges 
from  the  brain  in  the  anterior  medullary  velum  (valve  of  Vieussens) 
just  posterior  to  the  inferior  colliculus.     It  curves  around  the 
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pedunculus  cerebri  to  reach  the  base  of  the  brain.  It  is  a  moto^ 
nerve,  and  supplies  fibers  to  the  superior  oblique  muscle  of  tl»^ 
eyebalL  In  the  interior  of  the  brain  the  fibers  arise  from  J» 
nucleus  in  the  central  gray  matter  just  posterior  to  that  o{  tlk« 
tliird  nerve  (Fig.  107).  The  fibers  pass  ciorsalward  toward  the 
velum  and  make  a  complete  decussation  before  emerging. 

The  Fifth  Cranial  Nerve  (N,  Trigemtnus), — This  nerve  arisai 
from  the  side  of  the  pons  by  two  roots,  a  small  motor  root»  portio 
minor,  and  a  large  sensory  root,  portio  major.  It  Is,  therefore, 
a  mixed  motor  and  sensory  nerve»  supplying  motor  fibers  to  the 
muscles  of  mastication  and  sensory  fibers  of  pressure,  pain,  and 
temjierature  to  the  face,  the  forepart  of  the  scalp,  the  eye,  nose, 
portions  of  the  ear,  mouth,  and  tongue,  and  to  the  dura  matcf 
(Fig.  108).  In  the  interior  of  the  brain  the  motor  portion,  portio 
minor,  arises  partly  from  a  small  nucleus  in  the  pons  and  partly 
from  a  long  column  of  cells  extending  along  the  lower  margin  of  the 
central  gray  matter  throughout  the  midbrain.  This  column  and 
the  fibers  arising  from  it  constitute  the  descending  motor  root  of  the 
fifth  nerve  (see  Fig.  109) .  The  sensory  fibers  originate  from  the  nenc 
cells  in  the  Gasserian  ganglion  (g.  semilmmre).  The  branch  that 
enters  the  brain  ends  partly  in  a  collection  of  cells  in  the  pons,  the 
so-called  sensory  nucleus,  and  partly  in  a  column  of  cells  extending 
posteriorly  throughout  the  length  of  the  medulla.  These  ceil* 
and  the  fibers  ending  in  them  constitute  the  descending  spinal  root 
of  the  fifth  nerve  (see  Fig.  106). 

The  Sixth  CrauLal  Nen?€{N,  Abducens), — ^This  nerve  arises  froo 
the  base  of  the  brain  at  the  posterior  edge  of  the  pons.  It  is  a  motof 
nerve  ^  and  suppMes  fibers  to  the  external  rectus  muscle  of  theeye* 
ball  In  { he  interior  of  the  brain  its  fibers  originate  in  a  small  spheri- 
cal nucleus  lying  beneath  the  floor  of  the  fourth  ventricle,  Coft* 
nections  have  Ijcen  traced  between  this  nucleus  and  the  pyramidil 
tract  of  the  opposite  side  (Fig.  106). 

The  Seve7iih  Craniul  Nerve  (N.  Facmlis), — This  nerve  appei?* 
on  the  base  of  the  brain  at  tlie  biferior  margin  of  the  pons,  laterJ 
and  somewhat  posterior  to  the  emergence  of  the  sixth  nerve.  K 
is  miiinly  a  motor  nerve,  but  carries  some  sensory  fibers  (fihei^of 
taste  and  general  scnsibihty)  received  through  the  n.  intermedius  of 
Wrfel>erg,  The  motor  fillers  of  the  nerve  supply  the  muscles  of  tli 
face,  part  of  the  scalp,  and  the  ear,  including  its  intrinsie  muscH 
and  in  addition  secretor>'  fibers  are  suppUed  to  the  submaxillar}' 
and  sublingual  glands.  Within  t  he  brain  these  fibers  arise  from  » 
conspicuous  nucleus  in  the  tegmental  region  of  the  pons  lyi< 
ventral  to  the  nucleus  of  the  sbcth,  beneath  the  middle  of  the  fourth 
ventricle  (Fig.  106),  The  sensory  fibers  of  the  nen^e  of  Wrisbeig 
originate  in  the  nerve  cells  of  the  geniculate  ganglion. 
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The  Ninth  Cranial  Nerve  (N.  Glossopharyngeus)  arises  from  the 
ide  of  the  medulla, — ^the  restifonn  body.  It  is  a  mixed  nerve, 
applying  motor  fibers  t5  the  muscles  of  the  pharynx  and  the  base 
f  the  tongue  and  secretory  fibers  to  the  parotid  gland.  Within 
be  brain  these  fibers  arise  from  two  motor  nuclei  common  to  this 
ad  the  tenth  nerve,— namely,  a  dorsal  nucleus  below  the  floor  of 
»  fourth  ventricle  and  a  smaller  ventral  nucleus,  n.  ambiguus, 
the  reticular  substance  of  the  tegmentum  (Fig.  106).  The  sensory 
)erB  supply  in  part  the  mucous  membrane  of  the  tongue  and 
laiynx,  the  tympanic  cavity,  and  the  Eustachian  tube.  These 
ere  arise  from  cells  in  the  two  ganglia  on  the  trunk  of  the  nerve, 
B  ganglion  superius  and  g.  petrosum.  The  branches  from  these 
lb  that  pass  into  the  medulla  terminate  in  the  nucleus  of  the  ala 
ttiea. 

The  Tenth  Cranial  Nerve  {N.  Vagics  or  Pneumogastricus) . — This 
rve  arises  from  the  side  of  the  medulla  posterior  to  the  origin  of 
I  glossopharyngeal  nerve.  It  is  also  a  mixed  nerve,  with  an 
tensive  distribution  to  the  respiratory  and  digestive  organs  and 
B  heart.  Its  efferent  or  motor  fibers  arise  within  the  brain  from 
B  same  masses  of  cells  that  give  rise  to  the  motor  fibers  of  the 
ttopharyngeal.  These  fibers  supply  the  intrinsic  muscles  of  the 
ynx,  esophagus,  stomach,  small  intestine,  and  part  of  the  large 
estine.  Inhibitory  fibers  are  carried  to  the  heart  and  secretory 
ers  to  the  gastric  and  pancreatic  glands.  Its  sensory  or  afferent 
ers  are  distributed  to  the  mucous  membrane  of  the  larynx, 
ichea,  and  limgs,  and  to  the  mucous  membrane  of  the  esophagus, 
nnach,  intestines,  and  gall-bladder  and  ducts.  These  fibers 
Be  from  cells  in  the  ganglia  on  the  trunk  of  the  nerve,  the  gan- 
on  jugulare  and  g.  nodosum.  The  branches  from  these  cells  that 
88  mto  the  medulla  terminate  in  the  gray  matter  of  the  ala  cinerea. 
The  Eleventh  Cranial  Nerve  (N.  AccessoriiLs) . — This  nerve  is 
aally  described  as  arising  by  upper  roots  from  the  medulla,  and 
'  a  series  of  lower  roots  from  the  spinal  cord  as  low  as  the  fifth 
the  seventh  cervical  segment.  It  is  a  motor  nerve,  supplying 
«8  to  the  stemomastoid  and  trapezius  muscles.  The  medullary 
anches  arise  from  the  posterior  portion  of  the  dorsal  motor 
ideus  which  gives  origin  to  the  vagus,  while  the  spinal  branches 
iginate  from  cells  in  the  anterior  horn  of  the  gray  matter  of  the 
rd  (Fig.  106). 

The  Twelfth  Crainal  Nerve  (N.  Hypogloasus) , — ^This  nerve  arises 
an  the  medulla  in  the  furrow  between  the  anterior  pyramid  and 
J  olivary  body.  It  is  a  motor  nerve,  supplying  the  muscles  of 
>  tongue  and  the  extrinsic  muscles  of  the  larynx  and  hyoid  bone, 
thin  the  brain  these  fibers  originate  from  a  distinct  nucleus 
ag  in  the  floor  of  the  fourth  ventricle  near  the  mid-line  (Fig. 
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eHAPTER  XTI. 

THE  SYMPATHETIC   OR  AUTONOMIC  NERVOUS 
SYSTEM. 

The  chain  of  nerve  ganglia  extending  on  each  side  of  the 
cokimii  to  the  coccyx  is  kno\%Ti  as  the  83^mpathetic  Bervous  sy 
This  name  was  given  to  the  structure  under  the  misappi 
that  it  constitutes  a  nen^e  pathway  through  which  so-called 
pathetic — or,  as  we  now  designate  them,  reflex  actions  of  distao 
organs  are  effected.  It  was  supposed  to  arise  from  the  bndn 
branches  connected  with  the  fifth  and  sixth  cranial  nen^'es.* 
now  know^  that  this  system  consists  of  a  series  of  ganglia  or 
lections  of  nerve  cells  connected  with  each  other  and  connected  alfl 
with  the  spinal  nerves.  Strictly  speaking,  the  term  sjinpatheti 
system  is  applicable  only  to  the  chain  of  ganglia  wliich  begins  wit 
the  superior  cervical  ganglion  at  the  base  of  the  ekxill  and  end 
with  the  ganglion  coccygeom.  There  are,  however,  other  outlyifl 
nerve  ganglia  with  or  without  specific  names  which  from  a 
logical  and  indeed  from  an  anatomical  standpoint  belong  to 
group.  In  the  abdomen  we  have  the  so-called  prevertebi 
glia,  the  celiac  ganglion,  from  which  arises  the  celiac  plexus, 
superior  mesenteric,  and  the  inferior  mesenteric  ganglion  givffl 
rise  to  the  hypogastric  nerve.  These  ganglia  lie  ventral  to  tk 
sympathetic  tnmk,  but  are  in  direct  connection  with  it.  In 
head  region  the  ciliar)^,  sphenopalatine,  and  otic  ganglia 
also  of  the  same  type.  More  peripherally  are  numerous  o1 
ganglia  lying  in  or  around  the  various  visceral  organs,  such 
subma3dllar>^  ganglion  near  the  duct  from  the  corresponding 
the  cardiac  ganglia  in  the  heart,  and  the  extensive  system  of  ner* 
cells  in  the  walls  of  the  alimentary  canal  know^  as  the  plexus* 
of  Meissner  and  Auerbach,  With  the  exception »  perhaps^  of  lb 
last  system,  whose  histological  stnicture  and  connections  are  n< 
satisfactorily  known ^  all  of  these  ganglia  are  frequently  designate 
as  sympathetic,  and  from  a  ph^^siological  as  well  as  an  anatomir: 
standpoint  may  be  considered  with  the  ganglia  of  the  s>'mpatbet 
tnmk  or  chain.  Langley,  who  has  contributed  greatly  to  Q« 
knowledge  of  the  finer  anatomy  and  the  physiology  of  this  sysM 
has  recently  proposed  a  different  classification. f  ■ 

*Charie8  Bell,  ''  The  Nervous  System  of  I  he  Human  Body/'  Uuid  tf 
tbn,  London,  1844,  p.  9.  m 

tSchiifer*B  "Text-book  of   Physiolog>',"  1900,  vol.  li  ;  "  Ergeboiastfl 
Physiologic/'  1903,  vol  ii,  part  n/p.  823  ;  also  '*  Brain/'  1903»  val  xxri* 
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lomic    Nervous   System. — ^According   to   Langley,  the 

Bbers  from  the  nerve  cells  of  the  sympathetic  and  re- 

iglia  supply  the  plain  muscle  tissues, 

ac  muscles,  and  the  glands, — that  is, 

is  of  the  involuntary  or,  according  to 

omenclature,  the  vegetative  processes 

iy.    He  proposes  for  this  entire  sys- 

fferent  fibers  the  term  autonomic,  to 

hat  they  possess  a  certain  independ- 

he  central  nervous  system.    The  au- 

system  is  contrasted  physiologically 

omically  with  the  efferent  spinal  and 

3ers  that  supply  the  striated  or  volun- 

cles:  physiologically  in  the  fact  that 

r  group  of  fibers  is  entirely  dependent 

vities  of  the  central  nervous  system, 

comically  in  the  fact  that  the  auto- 

lers,  although  arising  ultimately  from 

al  nervous  system,  all  pass  to  their  pe- 

tissues  by  way  of  sympathetic  nerve 

he  autonomic   path  consists  of  two 

ODB  belonging  to  the  central  nervous 
hose  axon  emerges  in  one  of  the  spinal 

nerves  and  ends  around  the  dendrites 
lathetic  cell;  and  one  occurring  in  some 
I  numerous  sympathetic  ganglia,  whose 
les  to  the  peripheral  tissue.  The  first 
K>ken  of  as  the  preganglionic  fiber,  the 
1  the  postganglionic  fiber.  Their  con- 
are  represented  in  the  accompanying 
Fig.  110). 

oiogieal  and  anatomical  investigations 
wn  that  autonomic  nerve  fibers  arise 
•  r^ons  in  the  central  nervous  system 
I:  First,  from  the  midbrain,  emerging 


Pltj€mjUomie^h^. 


Rout, 


). — Sehama  to  show    the  general  relation  between 
knic   and   poatganslionic  fibers  of  the  autonomic 


Fig.  111.— lUua- 
trating  the  central  ori- 
nn  ox  the  autonomic 
nbera. — iLangUy.) 
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in  the  third  cranial  iien^e  and  passing  yia  the  riUan^  ganglion; 
second,  from  the  bulbar  region,  emerging  in  the  seventh,  ninth,  ami 
tenth  cranial  ncrv^es ;  third,  from  the  thoracic  spinal  nen^es  (ft 
thoracic  to  fourth  or  fifth  lumbar)  and  passing  in  general  \ia  tli 
ganglia  of  the  sympathetic  chain;  fourth,  from  the  sacral  regioO 
by  way  of  the  so-called  nennis  erigens  supplying  the  desoendip 
colon,  rectum,  anus,  and  genital  organs.  The  autoncrtiuc  fibers 
their  origin  in  the  central  ner\^ous  system — that  is,  while  preg3B 
glionic  fibers — are  all  possesses!  of  a  small  medullated  sheaf 
having  a  diameter  of  1,8  /i  to  4  /i.  The  postganglionic  fiber  is  ii 
most  cases  non- medullated,  but  this  is  by  no  means  an  invaiiftbl 
rule.  In  many  cases  the  axons  from  sympathetic  cells 
distinct,  although  small,  myelin  sheaths. 

The  Nicotin  Method.^The  course  of  the  autonomic  fil 
has  been  traced  in  many  cases  to  their  corresponding  sympathi 
nerve  cells  partly  by  the  method  of  secondary  degeneration  i 
partly  by  the  use  of  nicotin,  as  first  described  by  Langley  I 
Dickinson.*  These  authors  have  shown  that  after  the  use 
nicotin,  either  injected  into  the  circulation  or  painted  upon  i 
ganglion,  stimulation  of  the  preganglionic  fiber  in  any  part  of 
course  fails  to  give  any  response,  while  stimulation  of  the  port 
ganglionic  fiber,  on  the  contrarj^,  is  still  effective.  It  would 
therefore,  that  the  nicotin  paralyze.s  the  connection  (the  synaps^ 
of  the  preganglionic  fiber  with  the  sjTnpathetic  nerve  cell,  and 
means  of  the  local  application  of  the  drug  it  is  pos8ible  in  inan( 
cases  to  pick  out  the  ganglion  in  which  the  iireganglionic  fiber  reaH 
ends.  For  it  often  happens  that  in  the  sympathetic  trunk 
preganglionic  fiber  will  pass  through  several  ganglia  hef< 
making  final  connections  with  a  sympathetic  cell,  8o  far,  tl 
course  of  these  fibers  has.  been  traced  most  successfully  in  tl 
case  of  the  nerves  supplying  the  sweat-glands,  blood-vessels, 
especially  tlie  erector  muscles  of  the  hairs,  the  so-called  pilomot4J 
nerve-fibera.  The  visible  result  of  stimulation  in  the  last  ca 
gives  a  ready  means  of  determining  the  presence  of  the  fillers 

General  Course  of  the  Autonomic  Fibers  Arising  from  th 
Spinal  Nerves. — It  has  long  been  known  that  the  spinal  nei 
are  connected  with  many  of  the  ganglia  of  the  sympathetic  chai 
by  fine  branches  kno\\Ti  as  the  rami  communicantes.     In  the  tho 
racic  and  limibar  regions  (first  thoracic  to  second  or  fourth  lumbal 
these  rami  consist  of  two  parts,    a  white  and  a  gray  ramus, 
difference  in  color  being  due  to  the  fact  that  the  white  rami 
composed  almost  entirely  of  medullated  fibers,  w^hile  the  gray 
are  largely  non-meduUated.     In  the  cenical,  lower  lumbar, 
sacral  regions  the  rami  consist  only  of  the  gray  part,     PhysioL 
*  **  Proceedings,  Royal  Society/'  1889,  46,  423. 


SYMPATHETIC  NERVOUS  SYSTEM.  249 

experiments  show  that  the  white  rami  consist  of  preganglionic 
Siers  that  arise  from  nerve  cells  in  the  spinal  cord,  pass  out  by 
nj  of  the  anterior  roots,  enter  the  white  ramus,  and  thus  reach 
lie  sympathetic  chain.  On  entering  this  latter  the  fiber  may 
tot  end  at  once  in  the  ganglion  at  which  it  enters,  but  may  pass  up 
r  down  in  the  chain  for  some  distance.  Eventually,  however,  it 
ods  arotmd  a  sympathetic  nerve  cell  and  the  path  is  then  con- 
nued  by  the  axon  from  this  cell  as  the  postganglionic  fiber.  The 
ray  rami  consist  of  these  latter  fibers,  which  return  from  the  sym- 
tUietic  chain  to  the  spinal  nerves  and  are  then  distributed  to  the 
teas  supplied  by  these  nerves,  particularly  the  cutaneous  areas, 
nee  the  skin  branches  are  the  ones  that  supply  the  sweat  glands, 
le  blood-vessels,  and  the  erector  muscles  of  the  hairs.  It  will  be 
ated  that  the  fibers  that  pass  from  a  given  spinal  nerve — say,  the 
wlfth  thoracic — ^by  a  white  ramus  to  enter  the  sympathetic  chain 
0  not  return  as  postganglionic  fibers  by  the  gray  ramus  to  the 
ime  spinal  nerve.  On  the  contrary,  the  gray  ramus  of  the  twelfth 
koracic  may  consist  of  the  postganglionic  portion  of  autonomic 
bers  that  enter  the  sympathetic  through  a  white  ramus  of 
ne  of  the  higher  thoracic  nerves.  In  general,  we  may  say 
bat  there  is  a  great  outflow  of  autonomic  fibers,  including 
asomotor,  sweat,  and  pilomotor  fibers,  in  the  white  rami  conmiu- 
icantes  from  the  first  or  second  thoracic  to  the  second  or  fourth 
imbar  nerves.  Those  of  these  fibers  that  are  to  be  distributed  to 
l»e  ddn  areas  of  the  body — head,  limbs,  and  trunk — return  by  way 
f  the  gray  rami  to  the  various  spinal  nerves  and  are  distributed  with 
liese  nerves,  the  distribution  being  somewhat  different  in  different 
nimals  and  for  the  several  varieties  of  fibers.  Those  fibers  that 
re  distributed  eventually  to  the  blood-vessels,  glands,  and  walls 
f  the  viscera  have  a  different  course  from  those  supplying  the 
lands,  blood-vessels,  and  plain  muscle  of  the  head  region.  For 
behead  region  the  fibers  after  entering  the  sympathetic  chain  pass 
ipward  along  the  cervical  sympathetic  to  end  in  the  superior 
enrical  ganglion;  thence  the  path  is  continued  by  postganglionic 
ibers  which  emerge  by  the  various  plexuses  that  arise  from  this 
/Uiglion.  For  the  abdominal  and  pelvic  viscera  the  fibers  (particu- 
uly  the  rich  supply  of  vasoconstrictor  fibers),  after  entering  the 
ympathetic  cludn,  emerge,  still  as  preganglionic  fibers,  by  the 
planchnic  nerves  that  run  to  the  celiac  ganglion  or  in  the  branches 
onnecting  with  the  inferior  mesenteric  ganglia,  and  then  become 
ostganglionic  fibers  (see  Fig.  112).  The  details  of  the  course  of 
le  vasomotor,  sweat,  visceromotor  fibers  to  the  different  regions, 
le  cardiac  fibers,  etc.,  will  be  given  in  the  appropriate  sections. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
nin. — ^These  fibers  leave  the  brain  in  the  third,  seventh,  ninth, 


Fig.  112. — DfftKram  jpvfnc  &  echernntio 
represenULtion  df  the  c»ui^«  of  the  autononiia 
jeym pathetic)  fibers  arising  from  the  ihoracioo- 
luintjar  aitd  sacrmJ  region »  of  ibe  cord.  The 
pregATiBiHoiito  fiber  is  represented  in  red»  the 
p<Hit|;^iiffUoni{;  in  tilack  linen.  The  arrows  in-' 
dJcate  the  normal  direction  of  the  nerve  im- 
puli^a  or  ner\'^e  conduction.  Sx.^  Superior 
cervical  gunglion ;  f,c.,  inferior  cervical  gan- 
glion; T",  the  first  thoracic  ganelion;  j^p.*  the 
iplanchnic  nerve :  f '..  the  aemilunar  or  celiac 
nnglion;  m.^the  inferior meeeiiienc ganglion; 
fi.^  tbe  hypogHfltric  nervew;  N.E\,  the  nenmn 
engens.  The  numerala  indicate  the  corrc- 
eponding  spinoJ  nerve*. 
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but  probably  they  comprise  the  small  and,  for  the  most  part,  un- 
named local  ganglia  found  in  or  near  the  organs  innervated. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Sacral  Cord. — ^The  autonomic  fibers  of  this  region  emerge  from 
the  cord  in  the  anterior  roots  of  the  sacral  nerves, — second  to 
fourth.  The  branches  from  these  roots  unite  to  form  the  so-called 
nervus  erigens  (pelvic  nerve),  which  loses  itself  in  the  pelvic  plexus 
without  making  coimections  with  the  sympathetic  chain  of  ganglia. 
The  pelvic  plexus  is  formed  in  part  also  from  the  hypogastric  nerve 
arising  from  the  inferior  mesenteric  ganglion.  Through  this  latter 
path  autonomic  fibers  from  the  upper  lumbar  region  enter  the 
plexus  (Fig.  112).  The  autonomic  fibers  of  the  nervus  erigens 
supply  vasodilator  fibers  to  the  external  genital  organs,  and  in 
the  male  constitute  the  physiological  mechanism  for  erection; 
whence  the  name.  They  supply,  also,  vasodilator  fibers  to  rectum 
and  anus  and  motor  fibers  to  the  plain  muscles  of  the  colon  de- 
acendens,  rectum,  and  anus.  The  preganglionic  parts  of  these 
fibers  end  in  small  sympathetic  ganglia  in  the  pelvic  plexus  or  in 
the  neighborhood  of  the  organs  supplied. 

ITonnalMode  of  Stimulation  of  the  Autonomic  Nerve  Fibers. 
^In  distinction  from  the  nerve  fibers  iimervating  the  skeletal 
mottles  practically  the  whole  set  of  autonomic  fibers  is  removed 
bom  the  control  of  the  will.  An  apparent  exception  to  this  general 
statement  is  found  in  the  fact  that  the  ciliary  muscle  of  the  eye  is 
aeemingly  under  voluntary  control.  We  must  suppose  that  under 
normal  conditions  the  autonomic  fibers  are  always  excited 
rcflexly,  and  the  course  of  the  afferent  fibers  concerned  in  these 
reflexes  and  the  nature  of  the  eflfective  sensory  stimulus  in 
each  case  are  important  in  the  consideration  of  each  of  the 
physiological  mechanisms  involved.  Most  of  these  mechanisms, 
as  we  shall  find,  work  reflexly — that  is,  without  voluntary 
initiation — and,  for  the  most  part,  unconsciously,  for  instance, 
the  movements  of  the  intestines,  the  secretion  of  the  digestive 
jjands,  and  the  contraction  and  dilatation  of  the  arteries. 
The  autonomic  nerve-fibers  control,  therefore,  the  uncon- 
acious  co-ordinated  actions,  the  so-called  vegetative  processes, 
<rf  the  body.  There  is  no  apparent  reason  in  the  anatomical  ar- 
rangements why  these  fibers  should  be  free  from  voluntary  control. 
Their  distinguishing  characteristic  in  comparison  with  the  nerves 
fw  the  voluntary  movements  is  the  fact  that  they  all  terminate 
fat  in  qrmpathetic  nerve  cells;  but  this  fact  gives  no  explanation 
of  the  absence  of  conscious  control  by  the  will.  We  are  justified  in 
saying  that  nerve  paths  that  pass  through  sympathetic  nerve  cells 
cannot  be  excited  voluntarily;  but  the  immediate  reason  for  this 
fact  is  probably  to  be  found  in  the  ultimate  point  of  origin  of  these 
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paths  in  the  central  nervous  system.  What  we  designate  at 
untary  motor  paths  arise  in  a  definite  region  of  the  cortex, 
motor  area  in  the  frontal  lobe.  Our  motor  conceptions  or 
can  affect  the  efferent  paths  arising  in  this  r^on,  but  not  1 
apparently,  which  originate  in  other  parts  of  the  brain. 


CHAPTER  Xra. 
IHE  PHYSIOLOGY  OF  SLEEP. 

The  state  of  more  or  less  complete  unconsciousness  which  we 
desigDate  as  sleep  forms  a  part  of  the  physiology  of  the  brain  which 
naturally  has  attracted  much  attention,  and  the  theoretical  explana- 
tions that  have  been  advanced  at  one  time  or  another  are  exceed- 
ingly numerous.  The  same  condition  occurs  in  many,  if  not  all,  of 
the  other  mammalia,  and,  indeed,  in  all  living  things  there  occur 
peiiods  of  rest  alternating  with  periods  of  activity.  Whether  these 
periods  of  rest  are  essentially  similar  in  nature  to  sleep  in  man 
is  a  question  in  general  physiology  that  can  be  solved  only  when 
^know  more  of  the  chemistry  of  living  matter.  Within  the  hmnan 
body  there  are  other  tissues  that  exhibit  periods  of  rest  alternating 
^  periods  of  activity, — ^the  gland  cells,  for  example.  The  secret- 
ing cells  of  the  pancreas  have  a  period  of  activity  in  which  the 
dwtnictive  processes  exceed  the  constructive,  and  a  period  of  rest 
in  which  these  relations  are  reversed.  We  may  compare  this  con- 
ditbn  in  the  gland  cells  with  that  in  the  brain.  Sleep,  from  this 
standpoint,  is  a  period  of  comparative  rest  or  inactivity,  during 
which  the  constructive  or  anabolic  processes  are  in  excess  of  the 
disassimilatory  changes.  The  period  of  sleep  is  a  period  of  re- 
cuperation, and  doubtless  all  tissues  have  these  alternating 
phases.  To  explain  sleep  fundamentally,  therefore,  it  would  be 
i^ecessary  to  understand  the  chemical  changes  of  anaboUsm  and 
catabolism,  and  an  explanation  of  the  sleep  of  the  brain  tissues 
would  doubtless  explain  the  similar  .phenomenon  in  other  tissues. 
But  what  the  physiologists  desire  first,  and  have  attempted  to 
detennine,  is  an  explanation  of  why  this  condition  comes  on  with 
4  certain  periodical  regularity, — ^an  explanation,  in  other  words,  of 
the  mechanism  of  sleep,  the  change  or  changes  in  the  brain  or  the 
hody  which  reduce  the  metabolism  of  the  brain  tissue  to  such 
ah  ejrtent  that  it  falls  below  the  level  necessary  to  cause  conscious- 
ness. 

Physiological  Relations  during  Sleep. — ^The  central  and  most 
important  fact  of  sleep  is  the  partial  or  complete  loss  of  conscious- 
less,  and  this  phenomenon  may  be  referred  directly  to  a  lessened 
oetabolic  activity  in  the  brain  tissue,  presumably  in  the  cortex 
siebrL    During  sleep  the  following  changes  have  been  recorded: 
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The  respirations  become  slower  and  deeper  and  the  costal  respiratio*^ 
(respiration  by  elevation  of  the  ribs)  predominates  over  the  at^-* 
domiiml  or  diaphragnmtic  respiration  as  compared  with  the  waking 
condition.  The  respiraton^  movements  also  show  frequently  ^ 
tendency  to  become  periodic, — that  is,  to  increase  and  decreia^ 
regularly  in  groups  after  the  manner  of  the  Cheyne-Stokes  t>'p^ 
of  breathing.  The  expiration  is  frequently  shorter  and  more  audi^ — 
ble  than  in  the  respirations  of  the  waking  hours.  The  eyebaU^*- 
roll  upward  imd  outward  mul  the  pupil  is  constricted.  Accordin^^ 
to  Lombard's  observations,  the  knee-kick  tiecreases  or  disappear^^* 

entirely  during  sleep,     tSonie  of  the  constant  secretions  are  dimia 

jshed  in  aniount,^ — as,  for  instance,  the  urine,  the  tears,  and  tb^S! 
secretion  of  the  mucous  glands  in  the  nasal  or  pharyngeal  menk^— 
brane.  One  of  the  familiar  signs  of  a  sleepy  condition  is  the  dryu 
of  the  surface  of  the  eyes,  a  condition  that  leads  to  the  mbbin 
of  the  eyes.  It  is  sometimes  stated  that  the  digestive  secretion 
are  diminished  during  sleep,  but  the  statement  does  not  seem 
rest  upon  satisfactorv"  obser^^ations,  and  may  be  doubted. 
pulse*rate  decreases  during  sleep,  the  blood-pressure  falls  sornL^- 
what,  and  there  are  certain  sigmficant  c^hangcs  in  the  distribution c^^ 
blood  in  the  body.  ThcBe  hitter  changes  will  be  referral  tomor^^ 
in  detail  below.  The  physiological  oxidations  are  idso  decreaseci:* 
as  shown  by  the  diminished  output  of  carbon  dioxid.  On  tl^^ 
whole,  however,  the  physiological  activities  of  the  body 
on  much  as  in  the  w^aking  condition.  Those  changes  in 
tivity  that  do  occur  are,  in  the  main,  an  indirect  result  of  \h^ 
partial  or  complete  cessation  of  activity  in  the  cerebrum.  One 
might  say  that  while  the  cortex  of  the  brain  sleeps — that  i«, 
inactive— most  of  the  other  organs  of  the  bo<:ly  may  be  awake  i 
maintain  their  normal  activity.  Another  fact  of  interest  is  thsij 
the  entire  cortex  does  not  fall  asleep  at  the  same  instant  nor  J 
always  to  the  same  extent.  Ordinarily  as  sleep  sets  in  the  poi«r| 
to  make  conscious  movements  is  lost  first  and  the  auditory  seo- 1 
aibility  last,  and  on  awakening  the  reverse  relation  holds.  The  I 
individual  may  be  conscious  of  sound  sensations  before  be  i«| 
sufficiently  awake  to  make  voluntary  movements. 

The  Intensity  of  Sleep- — The  intensity  of  sleep^that  is,  ttel 
depth  of  unconsciousness— has  been  studied  by  the  simple  devioel 
of  ascertaining  the  hi  tensity  of  the  sensory  stimulus  necessan*  to] 
awaken  the  sleeper.  Kohlschiitter*  used  for  this  purpose  a  ] 
lum  falling  against  a  sounding  plate.     At  inten^als  of  a  h&lf-h 
during  the  period  of  sleep  the  auditory  stimuli  thus  produced  w© 
increased  in  intensity  until  waking  was  caused.       His  redulU 
expressed  in  the  curve  sho^^m  in  Fig.  113,  in  w^hich  the  int 
*  Kohlsc-hutter,  ''Zeltechrift  f.  rationelle  Medicin,"  1863. 
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of  the  sleep  is  represented  by  the  height  of  the  ordinates.  Accord- 
ing to  this  curve,  the  greatest  intensity  is  reached  about  an  hour 
after  the  beginning,  and  from  the  second  to  the  third  hour  onward 
the  depth  of  deep  is  very  slight;  the  activities  of  the  brain  lie  just 
below  the  threshold  of  consciousness.  It  appears  also  from  this 
curve  that  the  recuperative  effect  of  sleep  is  not  proportional  to 
its  intensity.  The  long  period  from  the  third  to  the  eighth  hour, 
in  which  the  depth  of  sleep  is  so  slight  is  presumably  as  important 
in  restoring  the  brain  to  its  normal  waking  irritability  as  the  deeper 
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ITf.  113.-~Carve  ffliutrating  the  strength  of  an  auditory  stimulus  (a  ball  falling  from 
^Migfat)  oeeeaaarv  to  awaken  a  sleeping  person.  The  houni  marked  below.  The  teste 
!**  '"^^r  *^  half-hour  intervals.  The  curve  indicates  that  the  distance  throuc^h  which 
1 VM  neeeBurv  to  drop  the  ball  increased  during  the  first  hour,  and  then  diminished,  at 
iat  veiy  rapidly,  then  alowly.— (XoAiscAiUtor.) 

period  up  to  the  third  hour.     That  this  is  the  case  is  perhaps 
•ttfficiently  demonstrated  by  the  experience  of  every  one,  but 
Weygandt  has  attempted  to  prove  the  point  by  direct  experi- 
f  tuents.    He  found  that  for  simple  mental  acts,  such  as  the  ad- 
dition of  pairs  of  figures,  a  short  sleep  was  as  effective  as  a  longer 
One,  but  for  more  difficult  mental  work,  such  as  memorizing 
groups  of  ten   figures,   efficiency   was   distinctly   improved   in 
proportion  to  the  length  of  sleep.     It  is  probable  that  the  curve 
of  intensity  of  sleep  varies  somewhat  with  the  individual  and 
•bo  with  surrounding  conditions.     That  individual  variations 
occur  is  indicated  by  the  results  obtained  by  two  other  observers, 
Ifonninghoff    and    Piesbergen,*    who    used    the    same    general 
method  as  was  employed  by  Koklschiitter.     The  sleeper  was 
iwakened   by  auditory  stimuli  produced  by  dropping  a  lead 
*M6iiiuiighoff  and  Piesbergen,  ''Zeitschrift  f.  fiiologie,''  19,  1,  1883. 
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ball  from  varying  heights  upon  a  lead  plate.  Only  two 
ments  were  made  each  night,  and  the  curves  constructed  repi 
sent,  therefore,  composites  from  several  periods  of  sleep,  0 
of  the  curves  obtained  is  represented  in  Fig*  114.  Accordi 
to  this  curve  the  maximum  intensity  is  reached  between  t 
first  and  second  hours,  and  Vjetween  the  fourth  and  the  fil 
hour  there  is  a  second  slight  increase  in  intensit3%  givmg 
second  maximum  in  the  curve.  This  latter  feature  of  a  sem 
increase  in  intensity  toward  morning  is  very  apparent  aiad 
some  interesting  curves  obtained  by  Czerny  from  childreij 
different  ages.  His  method  of  a^vakening  the  sleeper  was  tot 
induction  shocks  of  varying  intensities.  In  children  of  U 
years  Tvith  a  normal  period  of  sleep  of  about  twelve  hours  t 
curve  shows  a  very  marked  increase  in  intensity  tow^ard  momi 
as  shown  in  Fig-  115.  Curves  made  by  similar  experimen 
methods  are  reported  by  Howell  and  by  Michelson.*  1 
striking  feature  about  all  the  curves  is  the  sharp  increase 
intensity  shortly  after  falling  asleep;  in  most  cases  the  niaximi 
is  reached  at  the  first  or  second  hour  of  slumber,  but  Michel* 
believes  that  there  are  two  classes  of  individuals  in  this  respe 
those  with  morning  dispositions  in  whom  the  maximum 
mental  efficiency  occurs  early  in  the  day  and  w^ho  upon  going 
sleep  show  a  maximum  of  intensity  within  an  hour;  and  U  i 
with  evening  dispositions  whose  maximum  efficiency  cQ  I 
later  in  the  day  and  whose  curve  of  sleep  reaches  its  maxiii 
of  intensity  with  relative  slowmess  (1|  to  3A  hrs.). 

Changes  in  the  Circulation  during  Sleep.^That  the  cm 
fcion  undergoes  distinct  and   characteristic  changes  during  |  | 
has  been  showTi  upon  man  by  pUethysmographic  observ^ations 
upon    the   lower   animals   by    direct   k\niographic    experimd 
Using  ver>'  young  dogs,  TarchanofTf  has  been  able  to  mm 
their  blood-pressure  w^hile  sleeping.     He  finds  that  the  prei 
in  the  aorta  falls  by  an  amount  equal  to  twenty  to  fift}'  nulliznl  : 
of  mercury  during  sleep,  and  that  the  same  general  fact  is 
for  man  is  shown  by  the  sphygmomanometric  obser\^ations  repa 
by  Brush  and  Fayerw^eather,!     Making  use  of  patients  wil  I 
trephine  hole  in  the  .skulls  Mosso§  found  that  during  sleep 
volume  of  the  brain  diminishes,  while  that  of  the  arm  or  ft 
increii>ies.       The  appiirent  explanation    of   this  fact  is  that  1 
blood-vessels  in  the  botly  dilate,   and  receive,   therefore,  nn 

♦Howell.  "Journal  of  ExpenmentsI  Medicine,"  2,  313,  1S97,  Mid 
son,  "Dissertation,"  TJorpat,  1S91.  . 

t  Tarchanoff.  *' Archives  italiennes  de  biologie/'  21,  318,  1894,  I 

X  Bnish  smd  Faverweather,  "Araerican  Journal  of  PhyBioloiry/*  5,1 
1901. 

S  Mowo,  "Ueher  den  Kraklauf  des  Blutes  im  menschlichen  Geldm,**  U 
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,  ^  114.~Cunr»  of  intensity  of  sleep  according  to  Mfinninghoff  and  Piesbermn.  The 
jpmiloiig  the  abecissa  represent  time  in  hours  from  the  beginning  of  sleep ;  tnoee  along 
m  pidiiuite  the  relative  intensity  of  sleep  measured  in  milligram-millimeters,  expreaaiiig 
Mutcuity  of  eound  of  a  falling  body  necessary  to  awaken  tne  sleeper. 
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blood,  while  a  Bnialler  amount  flows  to  the  brain.     The  volui 
the  foot  or  hand  was  measured  in  these  experiments  by  inc 

it  in  a  plethysmograph  (see  si 
on  Circulation).  Unfortunately,  tl 
suit  has  been  contradicted  bjJ 
observers,*  who  claim  that  dnrinf 
there  is  a  vasenlar  thlatation  in  the 
as  well  as  in  the  limbs.  In  view  ( 
contradiction  in  results  between  e 
menters  making  use  of  similar  mc 
of  work,  it  is  evident  that  theories 
as  are  described  below,  which  are 
upon  a  diminution  in  l>lood-flow  th 
the  brain,  are  brought  into  q\i 
More  extensive  observ^ations  ui 
ilividuals  with  an  opening  in  th 
wall  arc  greatly  needed  to  deter 
point.  The  author  t  has  extend 
so's  observations  so  as  to  obtain  J 
ysmographic  record  of  the  voli 
hand  and  part  of  the  forear 
a  period  of  normal  sleep.  One 
records  thus  obtaine<:I  is  given  fi 
116.  The  amonnt  of  dilat 
given  by  the  ordinates  below  ' 
line.  Granting  that  the  incf 
volume  of  the  hand  and  arm 
by  an  increase  in  the  v^olume 
contained  in  their  blood-^ 
curve  shows  that  during 
the  onset  of  sleep  the  blood- 
the  arm  slowly  dilate  until 
one  and  two  hours  aft^r  the 
ning  of  sleep.  After  this 
is  reached  the  ami  remains  mc 
less  of  the  same  volume  for  a  c 
period  or  else  diminishes  in  v 
verj^  gradually.  Shortly  before  wi 
however,  the  arm  begins  to  dir 
more  rapidly  in  size,  owing,  doul 
to  the  contraction  of  its  blood-vi 
so  that  at  the  time  of  awaking  it  has  practically  the  same  volu 
at  the  beginning  of  sleep.    If,  on  the  basis  of  Mosso's  experii 

'  Sheparcl,  •'American  Journal  of  Phvsiolog\%*'  23,  1909  ("Proc. 
Fhyaiol  Soc.*');  BrtKimanD,  "Journal  f.  Psychologie  «,  Neurologie," 


I 


1902. 


t  Howdl,  loc,  cit 
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Wf  aesurae  that  the  blocKl-flow  in  the  brain  stands  in  a  reriprocal  re- 
ktiOD  to  that  in  the  arm,  this  curve  may  l)e  taken  to  intheate  that 
before  and  after  the  onset  of  sleep  tlje  lilood-flow  tliroiigh  the 
brain  diminishes  rapidly  to  a  certain  point  and  that  before 
iwaJdng  the  blood-flow  begins  to  increase  again  until  it  reaches 
lonnal  proportions. 

Effect  of  Sensory  Stimulation.— That  sensory  stimuli  of  vari- 
itJS  kinds  affect  a  sleeping  individual  without  entirely  awaking 
lim  is  shown  by  the  movements  that  may  be  caused  in  this 
'»y,  and  also  by  the  nature  of  the  dreams  which  may  be  pro- 
||Bd-  It  is  very  interesting  to  find  from  plethysmographic 
Ovations  that  all  kinds  of  sensory  stimulations  from  without 
id  from  within  are  liable  to  affect  the  circulation  of  the  blood 
ug  sleep.     As  shown  by  the  plethysmograph,  the  volume  of 


^■g.  117. — Sleep:  A,  effeet  of  external  impreftdon  (rrtttnc  box),  mnufficiptii  to  aw&lceil 
HE^-A  mftrked  dimirjutjon  tn  \'olume  erf  the  ami ;  Bt  cfToct  of  e)(l«riial  impnpAeioo 
i5m  bu&)  •tif&fient  to  Awmken  sleefirr;  a  jitruoKer  dimitiution  in  voUime  fr>IIow<>iI  by 
MAti<>&  a«  the  subject  a^un  fell  asleep. 


te  arm  diminishes  more  or  less  in  proportion  to  the  intensity 
f  the  ^inmlus,  and  the  prolialile  interpretation  of  this  fact  is 
ml  the  sensory  stimulus  acUs  refiexly  upon  the  vasomotor 
?nter  in  the  medulla  and  causes  through  it  a  contraction  of 
le  hlood-vessela  In  the  curve  shown  in  Fig.  116  most  of 
»e  irregularities  were  traceable  to  causes  of  this  kind, — noises 
the  building  or  street  or  other  sensory  stimuli.  The  same 
rt  is  exhibited  in  a  striking  way  by  the  curves  given  in  Fig* 
7,     In  these  experiments  the  recorder  attaciied  to  the  plethys- 
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mograph  to  register  the  changes  in  volume  was  of  a  diffca 
kind  (tambour)  and  the  rec*ord  reads  in  a  reverse  way  to 
flhown  10  Fig.  116, — that  is,  a  dilatation  is  recorded  by  a  rise  ii 
the  cun^e  and  a  constriction  by  a  fall.     The  recorder  being  more 
sensiti%'e,  the  volume  changes  in  the  arm  doe  to  the  heart  beat  a 
clearly  indicated.     The  legends  attached  to  the  illustration  exp 
the  results  of  the  experiments. 

Theories   of   Sleep,— Many  hypotheses  have  been  ad  vane 
to  explain  the  nature  and  causation  of  sleep.*     Confining  oun»elv 
to  the  more  recent  h>^>othe8es  that  attempt  to  explain  the  imnie 
ate  cfULse  of  the*  protluction  of  the  condition,  the  following  brirf  de 
Bcription  will  .suffice  to  show  the  nature  of  the  theories  proposed] 

L  The  Accumulation   of  Acid  Wa.sie  ProducU. — Preyerf  i 
also  Obersteiner  have  suggested  that  the  accumulation  of 
wa*ste  products  in  the  blood  brings  on  a  gradually  increasing  lossc 
irritability  or  fatigue  io  the  brain  cells  which  results  finally  ini 
deprcflsion  of  their  activity  siiifficient  to  cause  unconsciousness, 
is  known  that  functional  activity  in  the  muscle  is  accompanied  1 
the  formation  of  acid  waste  products,  especially  sarcolactic  ae 
and  that  if  not  removed  as  fiuickly  as  fonned  these  products  < 
a  diminution  and  finally  a  loss  of  irritability.     The  central  ae 
tissues  in  activity  show  also  an  acid  reaction.     Moreover,  if  I 
acid  or  its  sodium  salt  is  injected  into  the  blood  it  brings  on  a  ( 
dition  of  fatigue  and  finally  a  state  of  unconsciousness.     The  theoryj 
therefore^  supposes  that  during  the  waking  hours  the  coast 
activity  of  the  muscles  and  nervous  system  results  in  a  gradu 
accumulation  of  these  waste  products,  since  their  oxidation 
removal  does  not  keep  pace  with  their  production.     The  en 
result  is  a  diminishing  irritability  of  the  central  nerv^ous  syst< 
especially   fjcrhaps  of  the  cortex,   which  results  finally  in  inv 
untary  skrep,  altfiough  normally  the  accumulation   is  not 
to  this  extreme,  since  it  is  our  habit  to  induce  sleep,  when 
sensations  of  sleepiness  become  apparent,  by  withdrawing  our 
from  excitations,  mental  or  sensory. 

2.  Consumpiiou  of  the  Inlrafrwlecular  Oxygen. — ^Pflugerf 
that  the  cause  of  sleep  lies  essentially  in  the  fact  that  the  brain  ( 
during  the  waking  hours  use  up  their  store  of  oxygen  more  rap 
than  it  can  be  replaced  by  the  absorption  of  oxygen  from  the  bli 
The  result  is  a  gradual   reduction   in  irritability;    so  that 
external  stimuli  are  withdrawn   the  oxidations  in  the  cells 

*  For  ti  very  oompU'ln  stulfmifni  of  the  theories  of  .sleep  and  for  ' 
lkrrfit*m*  in  genrml,  stn*  the  rxci^lent  book  by  Pi<§mn,  "Le  prc^ldme  phy 
loninur  (iu  soiiimeil,"  Ftirin,  I9i:i. 

t  Pn^ver.  'XVatnilblaH  f,  d.  med.  VTisa.:*  13,  577,  1875;  and  Ot 
'WUgrmrfm-  ZcMt.sL-hrifl  f.  P^ychmlrir,"  29,  224,  1872-73, 

{  Pfliij^er.  "Archiv  f.  ti  jit-^mmte  Ph>-8iol<igie,'*  10,  468»  1875, 
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below  the  level  necessary  to  arouse  consciousness.  During  sleep 
the  store  of  intramolecular  oxygen — that  is,  the  oxygen  syntheti- 
cally combined  by  anabolic  processes  to  form  the  irritable  living 
matter— is  again  replenished. 

3.  Toxin  Theories. — Quite  a  nimiber  of  writers  have  assumed 
that  some  special  toxin,  which  might  be  called  a  hypnotoxin, 
is  formed  during  the  waking  hours,  and  finally  accimiulates  in 
sufficient  quantity  to  inhibit  the  activity  of  the  cortical  cells.  A 
q^edfic  view  of  this  kind  has  been  proposed  by  Pi^ron,  and  to  a 
certain  extent  has  been  supported  by  experiments.  It  has  been 
shown  that  very  young  dogs,  when  deprived  completely  of  sleep, 
will  die  within  four  to  six  days.  Pi6ron,  making  use  of  the  method 
of  experimental  insomnia,  states  that  dogs  kept  awake  for  periods 
of  thirty  to  three  hundred  hours  show  evidence  of  an  intoxication, 
not  only  in  the  extreme  somnolence  manifested,  but,  microscopi- 
cally, in  that  the  cortical  cells  in  the  frontal  region  are  distinctly 
iltoed.  When  the  blood  or  cerebrospinal  liquid  of  such  animals 
b  injected  into  the  brain-ventricles  (fourth  ventricle)  of  another 
inimal,  the  latter  is  thrown  into  a  condition  of  somnolence,  and 
adiibits  changes  in  his  cerebral  cortex  similar  to  those  in  the  dog 
nffering  from  insomnia.  This  assmned  hypnotoxin  is  precipitated 
)y  alcohol  and  is  destroyed  by  a  temperature  of  65°  C.  In  his 
XHoplete  theory  the  author  supposes  that  the  toxin  acts  directly 
X)  arouse  somnolence,  but  that  the  sudden  advent  of  deep  sleep 
8  due  to  the  fact  that  the  toxin  sets  into  action  some  unknown 
lenrous  inhibitory  mechanism. 

4.  The  Neuron  Theory, — Duval,*  Cajal,  and  others  have  applied 
he  neuron  doctrine  to  explain  the  occurrence  of  sleep.  According 
0  the  neuron  conception,  the  connection  between  the  cells  in  the 
artex  and  the  incoming  impulses  along  the  afferent  paths  is  made  by 
he  contact  of  the  terminal  arborizations  of  the  afferent  fibers  with 
he  dendrites  of  the  cell.  Assuming  that  these  latter  processes  are 
xmtradile,  Duval  supposes  that  sleep  is  caused  mechanically  by 
hdr  retraction,  which  results  in  breaking  the  connections  and 
httB  withdrawing  the  brain  cells  from  the  possibility  of  external 
Emulation.  Conductivity  is  re-established  upon  awaking  by  the 
loogation  and  intermingling  of  the  processes  again  re-establishing 
iiysiological  connections.  The  numerous  efforts  made  to  demon- 
bate  the  fact  of  a  retraction  of  the  dendritic  processes  by  histo- 
igical  examinations  of  brains  during  sleep  or  narcosis  have,  how- 
i^er,  not  been  successful. 

5.  Anemia  Theories  of  Sleep, — Numerous  facts  in  physiology 
ake  it  probable  that  during  sleep  there  is  a  diminished  flow 

•  Duval,  "Comptes  renduB  de  la  soc.  de  biol,"  February,  1895;  and  Cajal, 
jchiv  f.  Anat.  (u.  Physiol.),"  376,  1896. 
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of  blood  through  tlie  brain,  a  conilition  of  cerebral  aneiiiia.  fi 
animals  with  the  brain  exposetl  or  w\ih  a  glass  window  in  thi 
skull  it  has  been  observed  direct  1}^  that  the  flow  of  blood  to  tbi 
cortex  is  diminished  during  sleep ,  Mosso's  plethysmographic  expd 
ments  mentioned  above  have  been  given  a  similar  interpretatifl 
and  Tarchanoff*s  observations  upon  sleeping  dogs,  as  well  as  dirro 
determinations  upon  man  by  Brush  and  Fayen^eatber,  show  thm 
the  arterial  pressure  falls  during  sleep.  Inasmueh  as  the  leasenei 
pressure  in  the  arteries  is  accompanied  by  a  dilatation  of  the  vessel 
of  the  skin,  as  shown  by  the  plethysmograph,  it  is  probable,  wha 
the  facts  previously  mentioned  are  taken  into  consideration,  th* 
the  diminished  pressure  in  the  arteries  forces  less  blood  through 
the  brain  and  more  through  the  dilated  vessels  of  the  skin,  h 
fact,  as  is  explained  in  the  section  on  circulation,  it  Is  prohBlA 
that  the  blood-flow  through  the  brain  is  nonnally  regulated  iiir 
directly  by  the  circulation  in  other  parts  of  the  body*  Constrictioo 
of  blood-vessels  elsewhere  increases  arterial  pressure  and  shuiti 
more  blood  through  the  brain,  and  vice  versa.  This  general  view 
Ls  in  accord  witli  the  fact  that  sensorj^  stimuli  and  increased  menUl 
activity  are  accompanied  by  a  constriction  of  the  blood-vesseb 
(of  the  skin)  and  a  rise  of  arterial  pressure,  while,  on  the  atbff 
hand,  mental  inactivity  and  especially  sleep  are  accompanied] 
a  dilatation  of  the  blood-vessels  of  the  body  (skin  vessels) 
fall  of  arterial  [pressure.  Many  facts,  therefore,  point 
anemic  conditiun  of  the  brain  iluring  sleep,  and  some  physiolo 
have  believed  that  this  condition  precedes  and  causes  the  >tatP 
of  sleep,  while  others  take  the  opp<isite  view  that  it  follows  i 
is  merely  one  result  of  sleep.  On  t!ie  basis  of  the  plethysmo 
experiments  mentioned  alxjve  the  author*  has  proposed  a  th 
of  sleep  in  which  the  diminished  flow  of  blood  to  the  brain  is^ 
plained  and  is  assumed  to  be  the  chief  factor  in  bringing  on  i 
The  theor}^  assumes  that  the  fieriodicity  of  sleep  is  depend 
mainly  upon  a  rh}'thmical  loss  of  tone  in  the  vasomotor  cent 
the  medulla  in  consequence  of  fatigue  from  continued  actill 
during  the  waking  hours.  That  Ls,  the  vasomotor  center 
constant  action  during  tliis  period ;  the  continued  flow  of  senaoiT 
stimuli  and  the  constant  activit}'  of  the  brain  act  refiexly  on  ihi* 
center  and  tlirough  it  cause  a  constriction  of  the  blood-vesseb  <i 
the  body,  particularly  of  the  skin,  by  means  of  which  the  btood- 
flow  through  the  brain  is  maintained  with  an  adequate  velocity. 
In  consefiuence  of  this  varying  but  constant  activity  the  cenW 
undergoes  fatigue;  stronger  and  stronger  stimulation  is  neccsstf] 
to  maintain  its  normal  tone,  and  eventually  its  effect  on  the  hiooi 
pressure  becomes  insufficient  to  maintain  an  adequate  flow  througl 
•  Howell,  "Jouratil  of  Experimental  Medicine,"  2,  313,  1897* 
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the  brain  and  unconsciousness  or  sleep  results,  even  against  one's 

denres,  as  is  shown  by  the  experience  of  those  who  have  attempted 

to  keep  awake  much  beyond  the  habitual  period.    Ordinarily, 

however,  this  fatigue  of  the  vasomotor  center  and  its  resulting 

tendency  to  a  cessation  of  activity  is  favored  by  our  voluntary 

irithdrawal  of  stimulation.     Our  preparations  for  sleep,  closure  of 

Byes,  darkened  and  if  possible  quiet  room,  cessation  from  disturbing 

thoughts,  result  in  a  diminution  of  the  sensory  and  mental  stimuli 

liat  normally  play  upon  the  vasomotor  center.    The  cessation 

rf  such  stimuli  may,  indeed,  at  any  time  be  all  that  is  necessary 

10  bring  about  a  partial  loss  of  activity  in   this  center,  a  les- 

lened  flow  of  blood  through  the  brain,  and  a  period  of  sleep  which, 

wwever,  is  usually  short.    If,  however,  the  vasomotor  center  has 

)een  previously  fatigued,  as  may  be  supposed  to  be  the  case  at  the 

ind  of  the  day,  the  withdrawal  of  these  stimuli  permits  it  to  fall 

nto  a  more  complete  state  of  inactivity,  and  the  diminution  of 

dood-fiow  to  the  brain  and  the  state  of  unconsciousness  is  longer 

isting, — ^lasts  indeed,  according  to  the  curves  of  which  an  example 

B  given  in  Fig.  116,  imtil  th!e  gradual  resumption  of  activity  in  the 

ruomotor  center  brings  about  a  constriction  of  the  blood-vessels 

i  the  body  and  thus  drives  enough  blood  through  the  brain  to 

lose  spontaneous  awakening.    A  third  factor  which  must  aid  in 

he  production  of  imconsciousness  as  a  result  of  the  lessened  flow 

>f  blood,  and  in  the  return  of  consciousness  in  connection  with 

he  increased  flow  of  blood,  is  the  greater  or  less  fatigue  of  the 

iortical  cells  themselves  after  a  day's  activity,  and  their  greater 

iritability  after  a  night's  rest.     Many  factors,  therefore,  co-oper- 

ite  in  the  development  of  the  normal  state  of  sleep  lasting  for 

Bx  to  eight  hours  out  of  twenty-four,  but  the  central  factor  which 

acplains  its  rapid  onset,  involving  nearly  simultaneously  all  the 

xmscious  areas  of  the  brain,  whether  previously  fatigued  or  not, 

ind  the.  equally  sudden  restoration  to  consciousness  of  the  entire 

wrtex,  is  to  be  found  in  the  amount  of  blood-flow  to  the  brain. 

Under  normal  conditions  this  is  the  factor  that  stands  in  most 

immediate  relation  to  that  appearance  and  disappearance  of  full 

wnsciousness  which  mark  for  us  the  limits  of  sleep.    A  similar 

new  is  advocated  by  Hill,*  who  believes,  however,  that  the  regu' 

ation  of  the  blood-flow  through  the  brain  is  effected  through  the 

rasomotor  control  of  the  splanchnic  area,  whereas  the  author's 

iew  is  that  the  regulation  is  effected  mainly  through  variations 

I  the  cutaneous  circulation, — that  is,  for  the  normal  occurrences^      .',i  /, 

f  sleep.    The  drowsiness  that  follows  a  heavy  meal  is  probably  due 

i&inly  to  the  mechanical  effect  of  a  dilatation  of  the  blood-vessels  of 

*"  Hill,   'The  Physiology  and  Pathology  of  the  Cerebral  Circulation," 
nklon,  1896. 
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the  viscera  and  the  consequent  diminution  in  the  blood^ 
through  the  brain;  but  the  sleep  that  occurs  at  the  end  of 
day  is  associated  with  a  dilatation  of  the  blood-vessels  of 
skin  of  the  trunk  and  extremities.  What  the  condition  in 
visceral  organs  may  be  at  such  times  we  have  at  present  no  nj 
of  knomng. 

Hypnotic  Sleep. — The  sleep  that  can  be  produced  by  so-c 
suggestioTi,  the  sleep  of  hypnotism,  has  been  studied  by  nj 
of  the  plethysmographic  method.*  The  result,  so  f ar  aa 
volume  of  the  arm  and  hand  is  concerned,  shows  that  in  this 
dition,  unlike  normal  sleep,  there  is  a  marked  diminution  in  V( 
and,  therefore,  %ve  may  believe,  an  increased  constriction 
blood-vessels  of  the  skin.  This  observation  accords  vniU 
blanched  appearance  of  the  skin  of  the  extremities,  and  witi 
statement  that  in  deep  hypnotic  sleep  the  skin  does  not  i 
readily  when  pricked  ^\1th  a  needle.  In  view  of  our  limited  *  ~ 
edge,  however,  it  would  be  hazardous  to  base  any  com; 
between  normal  and  h^q^notic  sleei)  upon  this  single  fact. 
authors,  I  in  fact,  doubt  whether  there  is  a  true  hypnotic 
They  incline  to  the  \iew  that  the  imniobihzation  or  di 
excitability  produced  by  hjpnotic  suggestion  or  manipi 
simply  passes  into  a  condition  of  natural  sleep. 

•  WAlden,  *'Ammcan  Journal  of  Physiolog>'/'  4,  124,  1900-01. 
t  Pi^roD,  loc.  cit. 
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THE  SPECIAL  SENSES. 


CHAPTER  XIV. 


CLASSinCATION  OF  THE  SENSES  AND  GENERAL 
STATEMENTS. 

Under  the  general  term  sense  organ  we  may  include  not  only 
the  peripheral  organ  on  which  the  stimulus  acts,  but  also  the  sensory 
path  through  which  the  impulses  are  conveyed  to  the  central 
nervous  system  and  the  cortical  center  by  means  of  which  the 
reaction  in  consciousness  is  mediated. 

Classification  of   the  Senses. — In  general,  we  attempt  to 
dfetiDguish  the  various  sense  organs  by  the  differences  in  their 
end  reaction  in  consciousness.     Each  sense  organ  gives  a  different 
kind  of  response,  the  nature  and  distinctive  features  of  which 
are  recognized  subjectively.     The  conscious  sensations  are  said 
to  differ  in  quality  or  modality.    The  qualitative  difference  in 
8ome  cases  is  very  distinct, — the  difference  between  sensations  of 
sound  and  of  vision,  for  instance, — and  on  this  subjective  difference 
we  base  our  efforts  to  give  specific  names  to  the  sense  organs  con- 
cerned.   This  means  of  classification  is  not,  however,  applicable 
in  all  cases.    While  many  of  our  sensations  are  so  distinct  in  quality 
that  we  can  recognize  them  and  name  them  without  difficulty, 
others  are  of  a  more  obscure  character.    In  addition  to  our  sensa- 
tions of  vision,  hearing,  smell,  taste,  pressure,  temperature,  and 
piiin,  there  are  doubtless  many  other  sensations  whose  conscious 
leaction  is  less  distinct  in  quality  and  for  which  our  subjective 
means  of  recognition  and  classification  are  less  satisfactory  or 
oitirely  inadequate.     Such,  for  instance,  are  the  sensations  from 
tte  muscles,  from  the  semicircular  canals  and  the  vestibular  sacs 
of  the  ear,  and  from  many  of  the  visceral  organs.     For  the  recogni- 
tion and  classification  of  these  senses  and  sense  organs  it  is  neces- 
aaiy  to  fall  back  upon  the  methods  of  anatomical  and  physiological 
analysis,  methods  which  in  many  respects  are  uncertain.    So  also 
within  the  limits  of  any  sensation  of  a  given  quality  or  modality, 
we  distinguish  certain  subqualities.    In  vision  we  have  many  dif- 
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ferent  qualities  which  we  designate  by  special  names,— the  sei 
of  different  colors,  for  example.  la  souod  sensationa  we  distingiui 
different  tones  and  different  qualities  of  tones.  But  here, 
the  subjective  mark  is  often  so  indistinct  in  conscioi 
that  it  cannot  be  used  satisfactorily  for  purposes  of  cIj 
tion.  In  the  odor  sensations  we  distinguish  many  differei 
ties,  each  recognizable  at  the  time  that  it  is  exfierienced, 
characteristics  are  so  fugitive  that  so  far  it  has  not  been 
to  name  them  or  group  them  in  any  satisfat-torj^  way^  In  stud; 
the  qualities  of  the  various  sensations,  so  far  as  they  are 
al>!e.  tfie  effort  of  physiology'  has  been  to  connect  them  with 
definite  anatomical  or  physiological  pecuharity  in  the  sense 
concerned.  The  final  explanation  of  the  differences  in  qual 
involves  a  study  of  the  nature  and  properties  of  conscioi 
itself. — a  subject  which  as  yet  has  not  l>een  undertaken  by  ph] 
olog^^  At  present  we  accept  the  fact  of  consciousness 
fact  that  there  ai-e  different  kinds  or  qualities  of  consci 
and  our  investigations  are  directed  only  toward  ascei 
the  anatomical,  physical  and  chemical  properties  of  the  orgH 
involved  in  the  production  of  these  subjective  changes. 

In  fomter  times  it  w^as  customar\^  to  divide  the  sensations  iiit 
two  different  groups, — the  special  and  the  common  senses,— tf 
fonuer  ineludmg  the  so-called  five  senses  of  man, — namely, 
hearing,  touch,  taste,  and  smell, — while  under  the  latter 
grouix^d  all  other  sensations  of  leas  distinctive  qualities.  In  phjfl 
olog>'  the  belief  that  man  has  only  five  si]>ecial  senses  has,  howevi 
long  been  aband:  ned.  The  sense  of  touch  as  ordinarily  underetoO 
has  been  shown  to  consist  of  three  or  more  distinct  senses.  nameJ 
pressure  (in  its  several  varieties),  heat  and  cold;  and  the  sent 
of  pain  exhibited  by  the  skin  is  in  all  essential  resi:)ects  as  speci 
and  characteristic  as  those  just  named.  There  is,  however, 
certain  standard  us  to  what  shall  constitute  a  special  in  C( 
tradistinetinn  to  a  common  sense:  so  that  a  classification  bj 
on  this  nomenclature  is  unsatisfactory.  In  one  respect,  li*v 
ever,  our  senses  show  a  difference  which  may  be  used  as  a  ba 
for  dividing  them  into  tw^o  general  groups.  This  differcue 
lies  in  the  manner  of  projection.  We  may  assume  that  all 
our  sensations  are  aroused  directly  in  the  brain.  In  that  org^ 
take  place  the  final  changes  which  react  in  consciousness.  Bl 
in  no  case  are  we  conscious  that  this  is  the  ease.  On  ll 
contrary,  we  project  our  sensations  either  to  the  exterior 
the  body  or  to  some  peripheral  organ  in  the  body,  the  effo 
being  apparently  to  project  them  to  the  place  where  expe 
ence  has  taught  us  that  the  acting  stimulus  arises.  We  m 
divide  the  senses,  therefore,  into   two  great  groups:    (1)  t 
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external  or  rather  the  exterior  senses,  or  those  in  which  the  sensa- 
tions are  projected  to  the  exterior  of  the  body,  and  which  form, 
therefore,  the  means  through  which  we  become  acquainted  with  the 
outside  world.  The  exterior  senses  include  sight,  hearing,  taste, 
anell,  pressure,  and  temperature  (heat  and  cold).  (2)  The  internal 
or  interior  senses,  or  those  in  which  the  sensations  are  projected  to 
the  Interior  of  the  body.  It  is  through  these  senses  that  we  acquire 
a  knowledge  of  the  condition  of  our  body  and  perhaps  also  a  knowl- 
edge of  ourselves  as  an  existence  or  organism  distinct  from  the  ex- 
tonal  world.  Among  the  interior  senses  we  must  include  pain, 
muscle  sense,  the  sensations  from  the  semicircular  canals  and  ves- 
tibule of  the  internal  ear,  himger,  thirst,  sexual  sense,  fatigue,  and 
m  addition  perhaps  other  less  definite  sensations  from  the  visceral 
(Hgans.  This  line  of  demarcation,  although  it  holds  so  well  in 
moBt  cases,  is  not  absolutely  distinctive.  The  temperature  sense, 
for  instance,  is,  so  to  speak,  on  the  border  line  between  the  two 
ptraps;  we  may  project  this  sensation  either  to  the  exterior  or 
to  the  interior  according  to  circumstances.  When  the  temperature 
nenres  are  excited  simultaneously  with  the  pressure  nerves,  we 
project  the  sensation  to  the  exterior,  to  the  stimulating  body.  If 
the  skin  is  touched  by  a  hot  or  cold  solid  object  we  speak  of  the 
object  as  bdng  hot  or  cold.  If,  however,  the  same  nerves  are 
stimulated  by  warm  gases  or  even  liquids  under  conditions  that 
do  not  involve  the  pressure  sense  we  refer  the  change  to  ourselves, — 
^  are  hot  or  cold,  as  the  case  may  be.  So  also  when  the  skin  is 
heated  by  the  blood  the  resulting  sensation  is  projected  to  the 
skin.  It  would  seem  that  the  habit  of  projection  is  acquired  by 
acperience,  and  that  those  senses  whose  organs  are  habitually 
effected  by  objects  from  without  we  learn  to  project  to  the  object 
giving  rise  to  the  stimulus. 

The  Doctrine  of  Specific  Nerve  Energies. — ^The  term  specific 
nerve  energy  we  owe  to  Johannes  Miiller  (1801-1858).  The  term 
is  in  some  respects  imfortunate,  as  at  present  in  the  physical  sci- 
ences the  word  energy  is  used  to  designate  certain  specific  properties 
of  matter.  The  phrase  specific  nerve  energy  in  physiology,  however, 
B  intended  to  designate  the  fact  that  each  sensory  unit  arouses  or 
mediates  its  own  specific  quality  of  sensation,  the  specific  energy  of 
the  optic  apparatus  being  visual  sensations,  of  the  auditory  apparatus 
wund  sensations,  etc.,  and  each  sensory  nerve  or  apparatus  can 
five  no  other  than  its  own  quality  of  sensation.  Whether  this 
pedficity  in  the  reaction  of  each  sensory  nerve  is  due  to  some  pecu- 
iarity  in  the  nerve  itself  or  its  peripheral  end-organ,  or  to  a  pecu- 
iarity  of  the  part  of  the  brain  in  which  it  terminates  Miiller  left 
n  open  question,  although  he  called  attention  to  the  fact  that 
le  central  ending  is  capable  of  giving  its  specific  effect  in  con- 
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sciousness  independently  of  the  conducting  nerve  fibers.  Wil 
regard  to  this  latter  question  the  opinions  of  physiologists  sti 
differ.  Most  physiologists,  perhaps,  adopt  the  view  that  th 
specific  reaction  in  consciousness  is  due  to  the  central  ending,- 
that,  in  other  words,  the  different  sensory  parts  of  the  oortei 
give  different  kinds  or  qualities  of  consciousness,  while  the  i 
nerve  fibers  are  simply  conductors  of  nerve  impulses, 
however  much  they  may  differ  in  intensity,  are  qualitativ 
the  same  in  all  nerve  fibers.  According  to  this  view,  it  wo 
result,  as  du  Bois-Reymond  expressed  it.  that,  if  the  auclit( 
nerve  fillers  were  attached  to  the  visual  center  and  the  op 
fibers  to  the  auditory  center,  we  woulrl  see  the  thunder  and 
the  lightning,  Eaeh  typical  sense-organ  from  this  standpoiol 
consists  of  three  essential  parts:  the  central  ending,  which  deter- 
mines the  quality  of  the  sensation;  the  peripheral  end-organ, 
retina,  cochlea,  etc.,  which  determines  whether  or  not  any  gixen 
form  of  stimulus  shall  be  effective  and  which  in  naost  eases  is  cofr 
stnicted  so  as  to  be  responsive  to  a  special  form  of  stimulufl  \ 
natcd  as  its  adequate  stimulus;  and  of  connecting  neurons  wh 
only  function  is  to  conduct  the  nerv^e  impulses  originating  in 
end-organ.  The  fact,  therefore,  that  the  light  waves  can  stimu 
the  rods  and  cones  of  the  retina,  but  are  an  inadequate  stimu 
probably  to  the  hair  cells  of  the  cochlea  or  the  taste  buds  of  1 
tongue,  is  due  to  a  peculiarity  in  structure  of  the  rods  and 
but  the  fact  that  the  impulses  conducted  by  the  optic  fibers 
a  pecuhar  modality  of  sensation  is  not  due  to  any  peculiarity  ffl 
structure  in  these  fibera  or  in  the  rods  and  cones,  but  to  a  chaxifi 
teristic  structure  of  the  optic  centers.  The  positive  experimeol 
evidence  for  the  correctness  of  this  \iew  is  not  conclusive,  but,  m 
the  whole,  Is  impressive.     Such  facts  as  the  follo%ving  may  he  noted: 

K  Wlien  sensory  nen^e  fibers  are  stimulated  othen\ise  th*ii 
through  their  end-organs  each  reacts,  if  it  reacts  at  all^  accordinf 
to  its  specific  energy,— that  is,  it  produces  it^  o^n  quality  of  sensa- 
tion, \\lien  the  optic  ner\^e  is  cut,  for  instance,  the  mechanical 
stimulus  causes  a  flash  of  light;  when  the  chorda  tympani  isstimt> 
lated  in  the  tympanic  canity  by  mechanical,  electrical,  or  chemici 
stimuli  sensations  of  taste  are  aroused. 

2.  Mechanical  pressure  upon  the  peripheral  nerves  distributed U 
the  skin  may  cause  a  loss  of  some  of  the  cutaneous  senses  in  certaii 
areas  of  the  skin  \\ith  a  retention  of  others.  Thus  the  senses  o 
pressure  and  temperature  may  be  lost  and  that  of  pain  retained 
or  pain  may  be  lost  and  pressure  retained.  A  similar  dissocii 
tiofi  of  the  sensations  of  the  skin  in  definite  regions  mayb 
observed  after  localized  lesions  of  the  spinal  cord,  or  during  tfc 
process  of  regeneration  that  follows  suture  of  a  severed  nerv 
Such  facts  agree  with  the  view  that  each  sense  has  its  own  ai 
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of  nerve-fibers;  those   that    mediate  pain  cannot   by   a  mere 
modification  of  the  stimulus  give  also  a  sense  of  pressure. 

3.  The  only  objective  manifestation  of  a  nerve  impulse  that  we 
esQ  study  in  the  nerve  itself  is  the  electrical  change  that  accom- 
panics  it  or  that  perhaps  constitutes  its  essence.  This  electrical 
change  is  qualitatively  the  same  in  all  kinds  of  nerve  fibers,  and  this 
fact  agrees  with  the  view  that  the  nerve  impulse  is  qualitatively  the 
aame  in  all  fibers. 

So  far  as  the  sensory  nerve  fibers  are  concerned,  the  chief  ob- 
jection to  this  view  of  the  doctrine  of  specific  nerve  energies  is 
foond  perhaps  in  the  difficulty  or  impossibility  of  applying  it  to 
the  explanation  of  color  vision.  According  to  the  strict  interpreta- 
tian  of  the  view,  each  fundamental  color  sense,  being  distinct  in 
quality,  should  be  mediated  by  its  own  set  of  nerve  fibers.  When 
Hdmholtz  first  formulated  his  theory  of  color  vision  he  spoke, 
therefore,  of  three  kinds  of  nerve  fibers, — the  red,  the  green,  and 
the  violet, — each  when  stimulated  alone  giving  its  own  specific 
sensation  and  not  capable  of  giving  any  other.  The  facts  accumu- 
lited  regarding  color  vision,  however,  seem  to  show  that  this  view 
win  not  hold.  One  and  the  same  cone,  with  its  cormecting  fiber, 
may  give  rise  to  any  or  all  of  the  primary  color  sensations,  and, 
nnlesB  we  choose  to  further  subdivide  the  nerve  unit  and  assume 
that  the  separate  nerve  fibrils  of  which  the  axis  cylinder  is  composed 
constitute  the  separate  conductors  for  the  primary  sense  qualities, 
it  would  seem  to  be  impossible  to  apply  the  doctrine  of  specific 
energies  to  this  case.  Not  too  much  weight  should  be  given  per- 
haps to  this  objection.  For  it  must  be  remembered  that  all  of  our 
present  theories  of  color  vision  are  unsatisfactory,  and  possibly 
when  we  attain  to  the  right  point  of  view  the  facts  may  not  be 
so  difficult  to  interpret  in  terms  of  this  theory  of  specific  energies. 

The  alternative  view  proposed  in  place  of  the  doctrine  of 
■pedfic  nerve  energies  assumes  that  the  nerve  impulses  may 
vary  in  quality  as  well  as  in  intensity,  and  that  therefore  one  and 
the  same  nerve  fiber  may  arouse  different  qualities  of  sensation  and 
have  different  end  effects  according  to  the  character  of  the  impulse 
wnveyed.  This  point  of  view  is  not  capable  of  much  discussion, 
since  there  are  no  positive  facts  that  support  it.  It  is  logically 
satisfactory  in  meeting  the  cases  in  which  the  former  view  seems 
to  be  imsatisfactory.  It  is  difficult,  however,  in  our  ignorance  of 
the  nature  of  the  nerve  impulse  to  imagine  in  what  respects  it  may 
possibly  differ  in  character. 

The  Wcbcr-Fechner  (Psychophysical)  Law. — One  difficulty 
that  has  been  encountered  in  the  physiological  study  of  sensory 
icrves  is  that  the  end  reaction  caimot  be  measured  with  exactness. 
Vith  efferent  nerves  the  end  reaction  is  a  contraction  or  secretion 
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that  can  be  estimated  quantitatively  in  terms  of  our  physicals 
chemical  units  of  measurement.    Bat  the  end  reaction  of  a  sen 
nerve  is  a  state  of  consciousness  for  whicti  we  have  no  standard!! 
measurement*    Weber,    in    studying    the    relation    between 
strength  of  the  stimulus  and  the  amount  of  the  resulting  sensatifl 
availed  himself  of  the  method  of  the  least  det-ectible  change  in  i 
sation ;  that  is,  he  determined  the  increase  in  stimulus  at  diffei 
levels  necessary  to  cause  a  just  perceptible  increase  in  the  i 
By  means  of  this  method  he  arrived  at  the  significant 
the  increase  in  stimulus  necessar>'  to  cause  this  change  is,  mti 
physiological  limits,  a  definite  fractional  increment  of  the  ac 
stimulus.     If,    for    instance,    with    a   weight   of    30    gms.    up 
the  finger  it  requires  an  increment  of  -^^^ — that  is,  one  additio 
gram — to  make  a  just  perceptible  difference  in  the  pressui^  { 
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Fig,  118. — Curve  to  indicate  the  Weber-Fechner  J*w  qf  «  locuntbmie*!  rebtioA' 
tmeii  exdtatioii  »nd  oeELaatioti . — (From  W^Ur^  The  excitations  a»  mdicAt«d  ikto«g'_ 
ftbedtfftB,  Ihe  lenntwnfl  kIoue  the  orditkatcQ.  Th«  inereiuQ  in  aeniMtlati  ia  repretpfdMl 
ing  pUvDe  in  equal  vteiift,  *'the  minimal  perceptible  difference/'  whO«  tbe  oormpoM 
excitatioiiit  require  an  increaainfE  jnerement  of  \  at  each  »tep,  DAmdy  I,  1.33,  L77.  t^ 
etc.  That  is,  for  equal  LDerefr^nta  of  MOiiation  InoreaAing  mcrementa  of  ctimulaltoa 
nec«ffiary. 

tioo,  then,  with  a  weight  of  60  gms.  upon  the  finger  the  addidJ 
of  another  gram  would  not  be  perceived  \  it  would  require  again  si 
increment  of  -j^^that  is,  2  gms.^to  make  a  just  perceptible 
ferenee  in  sensation.  This  relationship  is  kno^^  as  Weber s 
While  its  exactness  has  often  been  disputed,  it  seems  to  be  gene 
admitted  that  for  a  median  range  of  stimulation  the  law  exj 
the  approximate  relation  between  the  two  variables  considc 
Fechner  attempted  to  give  this  law  a  more  quantitative  and  €9 
tensive  application  by  assuming  that  just  perceptible  diffe 
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in  sensation  represent  actually  equal  amounts  of  sensation.  Ac- 
cepting this  assumption,  we  can  express  the  relationship  between 
stimulus  and  sensation  as  determined  by  Weber's  experiments  by 
nying  that  for  the  sensation  to  increase  by  equal  amounts, — ^that  is, 
by  arithmetical  progression, — the  stimulus  must  vary  according 
to  a  certain  factor, — that  is,  by  geometrical  progression.  The 
Bensation  may  be  regarded  as  a  geometrical  function  of  the 
Btimulus.  If  the  relation  between  stimulus  and  sensation  is  repre- 
sented as  a  curve  in  which  the  ordinates  express  the  sensation  in- 
ereasing  by  equal  amounts,  and  the  abscissas  the  corresponding 
rtinuili  increasing  at  each  interval  by  i,  a  result  is  obtained  such  as 
IB  represented  in  the  accompanying  figure  (Fig.  118).  A  curve  of 
Qdb  kind  is  a  logarithmical  curve,  and  Fechner  expressed  the  rela- 
kknahip  between  stimulus  and  sensation  in  what  has  been  called  the 
psychophyfflcal  law, — ^namely,  that  the  sensation  varies  as  the 
logarithm  of  the  stimulus.  From  the  physiological  standpoint  it  is 
important  to  bear  in  mind,  as  has  been  emphasized  by  Waller,*  that 
several  steps  intervene  between  the  action  of  the  external  stimulus 
nd  the  production  of  the  conscious  sensation.  The  external  stim- 
ulus acts  first  on  the  end-organ,  this  in  turn  upon  the  sensory  nerve 
fiber,  producing  a  nerve  impulse  which  finally  in  the  brain  gives  the 
nmscious  reaction.  It  is  a  question,  therefore,  whether  the  logarith- 
imcal  relation  of  the  stimulus  holds  between  it  and  the  reaction  of  the 
adrorgan  or  between  the  internal  stimulus — that  is,  the  sensory 
nerve  impulse — ^and  the  psychical  reaction.  This  author  has  given 
KMne  facts  obtained  by  recording  the  action  current  in  the  optic 
nerve,  the  retina  being  stimulated  by  known  intensities  of  light, 
^ch  mdicate  that  the  relation  observed  is  between  the  external 
stimulus  and  the  internal  stimulus, — ^that  is,  the  sensory  nerve 
impulse. 

♦Waller,  "Brain,"  201,  ISdS. 
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CHAPTER   XV. 
CUTANEOUS  AND  INTERNAL  SENSATIONS. 

General  Classification. — According  to  the  older  views,  t 

Bnaory  nerves  of  the  skin  give  sensations  of  touch.  Modi 
physiolog}^  luis  shown,  however,  that  these  nerves  mediate 
least  four  different  qualities  of  sensation — namely,  pi 
warmth,  cold»  and  pain.  Our  so-eaUed  touch  sensations  \ 
usually  compound,  consisting  of  a  pressure  and  a  temperati 
component  and  also  very  frequently  an  element  of  muscle  sei 
when  muscular  efforts  are  involved,  as,  for  instance,  in  measu; 
weights  or  resistances.  The  four  sensory  qualitiei?  enumerate 
constitute  the  cutaneous  senses,  and  they  are  pre^sent,  or, 
speak  more  accurately,  the  nerves  through  which  these  sen 
are  mediated  are  present  not  only  over  the  general  cutane0 
surface  but  also  in  those  membranes— such  as  the  mua 
membrane  of  t!ie  mouth  and  the  rectum  (stomodeum  i 
proctodeum) — ^which  embryologically  are  formed  from  tl 
epil>last.  The  surfaces  in  the  interior  of  the  body,  ou  tl 
contrary — such  as  the  membranes  of  the  alimentary  c; 
muscles,  fascije,  etc. — have  only  nerves  of  pain,  but  no  t 
of  touch  or  temperature.  Of  these  cutaneous  senses,  thre*' 
pressure,  warmth,  and  cold — may  be  grouped  with  the  extei 
senses,  the  sensations  being  projected  to  the  exterior  of  1 
body,  into  the  substance  causing  the  stimulation;  although, 
was  mentioned  above,  the  temperature  sensations  under  <•< 
ditions— fever,  vascular  dilatation,  etc— may  be  projectcti 
parts  of  the  skin  itself  and  be  felt  as  changes  in  ourselves, 
temperature  sensations  are,  in  fact,  projected  to  the  extei 
whenever  they  are  combined  w^ith  pressure  sensations,  the  latt 
serving,  as  it  were,  as  the  dominant  sense.  The  pain  sense, 
the  other  hand,  belongs  to  the  group  of  interior  senses,  t 
sensations  being  always  projected  into  our  own  body  and  bei 
felt  as  changes  in  ourselves. 

Protopathic,  Epicritic»  and  Deep  Sensibility.— In  the  matter 
the  classification  of  the  cutaneous  senses  and,  indeed,  the  body  sens 
in  general,  a  new  point  of  view  has  been  suggested  by  Head 
Rivers.*     These  authors  made  a  careful  study  of  the  loss  of  8C 
tions  after  division  of  the  cutaneous  nerves,  and  of  the  aubsequm 
gradual  and  separate  return  of  these  sensations  following  uponsuturi 
of  the  divided  ends.    They  find  that  in  skin  areas  made  completely 
•  Head  and  RivQra,  "  Brain/'  1^05,  99,  and  1908,  323. 
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tic  there  is  present  a  deep  or  subcutaneous  sensibility  to 
)  and  movements,  a  sensibility  which  must  be  mediated 

s^isory  fibers  contained  in  the  nerves  to  the  muscles.  In 
.  itself  there  are  present  two  systems  of  sensory  fibers  which 
ite  at  different  times  in  a  nerve  that  has  been  severed, 
,y  be  studied  separately  by  this  means.     One  system 

sensations  of  pain  and  of  extreme  changes  in  tempera- 
it  the  sensations  are  imperfectly  localized  and  the  sensi- 

low,  or,  to  express  the  same  idea  in  another  way,  the 
d  is  high.  This  kind  of  sensation  is  found  in  the  viscera 
d  it  may  be  considered  from  the  functional  standpoint 
snsive  agency  toward  pathological  changes  in  the  tissues; 
dgnated  as  protopathic  sensibility.  It  is  stated  that  the 
jnis  possesses  only  this  kind  of  sensibility.  Protopathic 
ty  comprises  three  qualities  of  sensation  and  presum- 
■ee  sets  of  nerve-fibers,  namely — for  pain,  for  heat  (not 
;ed  below  37°  C),  and  for  cold  (not  stimulated  above 
The  second  system  of  fibers  responds  to  stimulations 

pressures  and  small  differences  in  temperature  between 
I  37®  C,  the  range  of  temperature  to  which  the  tem- 
5  nerves  of  the  protopathic  system  are  insensitive.  These 
^generate  after  lesions  much  more  slowly  than  the  pro- 
;  variety,  and  since  the  sensations  mediated  by  them 
lized  very  exactly,  they  furnish  us  the  means  for  making 
jriminations  of  touch  and  temperature.  For  this  reason 
5  described  as  an  ejncritic  system,  and  the  corresponding 
ns  are  designated  as  epicritic  sensibility.  This  system 
J  is  not  found  in  the  other  organs,  and  it  constitutes, 
e,  the  special  characteristic  of  the  skin  area.  In  this 
there  are  included  separate  fibers  for  heat,  for  cold,  for 
essures,  and  for  tactile  discrimination.  It  is  through 
uktions  mediated  by  these  fibers  that  we.  recognize  the 
id  size  of  objects.  According  to  this  classification  we  may 
that  the  posterior  roots  of  the  spinal  nerves  carry  into  the 
Drd  the  following  varieties  of  afferent  fibers: 

Heat  (small  differences;. 
Epicritic 


Cold  (small  differences). 

Touch  (li^ht  pressures). 

Tactile  discnmination. 

Heat  (extremes). 

Cold  (extremes). 

Pain. 

Pressure. 

Pain. 
.  Muscular  (position). 

xT^ -.^«^-„  ««««««♦  cK«-«  i  From  muscles,  joints,  etc. 

Non-eensory  afferent  fibers  |  (Ending  in  cere\)eUu^). 

hs  taken  by  these  fibers  after  entering  the  cord  are  de- 
>n  p.  175. 

8 


neous  sensory  fibers  < 

\  Protopathic 

Subcutaneous  or  deep  sensory  fibers 
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The   Punctiforni   Distributioii   of   the   Cutaneous   Sei 

A  most  interesting  fact  in  regard  to  the  cutaneous  senses 
they  are  not  distributed  uniformly  over  the  whole  skin,  I 
present  in  discrete  points  or  spots.  This  fact  was  first 
est^abhshed  by  Blix,*  although  it  was  discovered  indepei 
by  Goldschoidcr  and  in  this  country  by  Donaldson.  Th' 
servers  paid  attention  chiefly  to  the  warm  and  cold  spot^ 
existence  of  these  spots  may  be  demonstrated  easily  by 
upon  himself  by  moving  a  metallic  point  gently  over  th 
If  the  (xjint  has  a  temperature  below  that  of  the  skin  it 
noticed  that  at  certain  spots  it  arouses  simply  a  feeling  of  > 
or  pressure,  while  at  other  spots  it  gives  a  distinct  eensa 
coldness.  If,  on  the  other  hand,  the  point  is  warmer  th 
skin  it  will  at  certain  spots  give  a  sensation  of  warmth.  Od 
ing  the  cold  and  warm  spots  thus  obtained  it  is  found  tha 


•••••• 


Fig.  ltd. — Reifraaeiitation  of  the  distribution  of  qotd  and  wann  wpo^  on  ' 
mirfaoe  of  forearm  in  a  ivpaoe  2  cme.  by  4  oms.  The  rod  dot*  npnmnt  the  eolci 
tested  at  ft  tempemture  nf  tO**  C.     The  bljuk  dots  repreeent  tbe  wuzd  spoifce  ee  U 

iempenttuPB  of  41"  to  48°  C 


occupy  different  positions  on  the  skin.  Elaborate  chart 
been  made  of  the  warm  and  cold  spots  on  different 
of  the  skin,  the  apparatus  usually  employed  being  a 
tube  through  which  water  of  any  desired  temperature  i 
circulated.  The  temperature  of  the  skin,  what-ever  it  m 
•Blix,  ''Zeitschrift  f.  Biolo|fie/'  20,  14L  18S4;  Donaklson,  "Mi 
1,  1885.     8w  i\\m  Goldache'uier,   vArchiv  f.  Physiologie, "  1885,  suppL 
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fonns  the  zero  line;  any  object  of  a  higher  temperature  stimulates 
only  the  warm  spots,  while  one  of  a  lower  temperature  acts  upon 
the  cold  spots.  The  pressure  or  tactile  sense  and  the  pain  sense 
are  also  distributed  in  a  punctiform  manner;  they  have  been 
studied  most  carefully  by  von  Frey.*  To  determine  the  loca- 
tion of  the  pressure  points  he  used  fine  hairs  of  different  diam- 
eters fastened  to  a  wooden  handle.  The  cross-areas  of  these 
hairs  are  determined  by  measurements  under  the  micro- 
scope, and  the  pressure  exerted  by  each  is  measured 
by  pressing  it  upon  the  scale  pan  of  a  balance.  The  quotient 
of  the  pressure  exerted  divided  by  the  cross-area  of  the  hair 
m  square  millimeters,  ^^,  reduces  the  pressure  to  a  uniform 
unit  of  area.  For  the  pain  points  fine  needles  may  be  employed 
OT  stiff  hairs  similar  to  those  used  for  the  pressure  points.  From 
the  experiments  made  there  seems  to  be  no  doubt  that  each  of 
the  four  cutaneous  senses  has  its  own  spots  of  distribution  in  the 
fildn,  those  for  pain  being  most  numerous  and  those  for  warmth 
the  least  numerous.  There  is  some  reason  for  believing  also  that 
the  nerve  endings  mediating  the  pain  sense  lie  most  superficially 
in  the  skin  and  those  for  the  warm  sense  the  deepest. 

Specific  Nerve  Energies  of  the  Cutaneous  Nerves. — Many 
attempts  have  been  made  to  determine  whether  the  doctrine  of 
specific  nerve  energies  applies  to  these  cutaneous  senses;  that  is, 
Aether  each  sense  has  its  o^\ti  nerve  fibers  capable  of  giving  only  its 
own  quality  of  sensation.  The  evidence,  on  the  whole,  is  favorable 
tothis\iew.  According  to  some  obser\'ers,  electrical  or  mechanical 
stimulation  of  the  different  points  calls  forth  for  each  its  charaqter- 
istic  reaction.  Donaldson  has  found  that  cocain  applied  to  the 
€ye  or  throat  destroys  the  senses  of  pain  and  pressure,  but  leaves 
those  of  heat  and  cold,  which  again  supports  the  view  of  separate 
fibers  for  each  sense.  In  addition  there  are  a  number  of  interesting 
pathological  cases  which  point  in  the  same  direction.  In  some 
lesions  of  the  cord — syringomyelia,  for  instance — the  senses  in  the 
8kin  of  the  parts  below  are  dissociated, — that  is,  there  may  be  loss 
of  pain  and  temperature  in  a  certain  area  with  a  retention  of  the 
Pressure  sense, — a  fact  which  indicates  that  these  senses  have 
separate  paths  and  therefore  separate  nerve-fibers,  t  Still  more 
interesting  cases  of  dissociation  are  reported  as  the  result  of  the 
compression  of  peripheral  nerve  trunks.  Thus,  Barker  j  describes 
us  own  case,  in  which,  as  the  result  of  the  pressure  of  a  cervical 
ib  upon  some  of  the  cords  of  the  brachial  plexus,  there  was  a  region 
1  the  arm  lacking  in  the  pressure  and  temperature  senses,  but  retain- 

•  Von  Frey,  "Konigl.  Sfichsischen  Gesellschaft  df»r  Wissenschaften,  Math.- 
ys.  Klaase,'^  1894-95^. 

t  For  many  interesting  cases  of  dissociation  due  to  spinal  lesions  see 
ad;  "Brain,*^  1906,  537. 

t  Barker,  "Journal  of  Experimental  Medicine,"  1,  348,  1896. 
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ing  the  sense  of  pain.  He  quotes  other  cases  m  which  the  reveii 
dissociation  occurred,  pressure  sense  alone  remaining.  The  simpla 
explanation  of  these  facts  is  the  view  that  each  pressure,  pil 
warm,  and  cold  spot  is  supplied  by  its  own  nerve  fiber,  and  th 
each,  when  stimulated,  reacts,  if  it  reacts  at  all,  only  with  it«ai 
peculiar  quality  of  sensation.  According  to  this  view,  artifid 
stimulation,  if  properly  controlled,  of  the  trunks  of  the  nefl 
supplying  the  skin  should  be  capable  of  bringing  out  these  di(Ten 
sense  qualities.  Experiments  made  with  this  jxjint  in  view  hi 
not,  however,  been  very  successful.  Mechanical  or  electrical  stiai 
lation  of  the  idnar  nerve,  for  instance,  give^  usually  only  pain  sen* 
tions,  although  if  the  stimulus  is  feeble  contact  sensatiom  I 
aroused.  The  method,  however,  is  probably  at  fault.  In  the  d 
of  amputated  fingers  or  hmbs  a  more  decisive  result  is  obtaini 
As  is  well  knomi,  individuals  after  such  operations  may  for  mat 
years  have  sensations  of  their  lost  fingers  or  limbs.  In  such  cat 
the  pressure  in  the  stump  of  the  wound  acting  upon  the  central 
of  the  sensory  fibers  arouses  sensations  which  are  projected  in 
usual  way,  and  give  the  feeling  that  w^ould  he  experienced  if 
lost  parts  were  still  there  and  were  stimulated  in  the  normal  m, 
The  Temperature  Senses, — The  main  facts  regarding 
distribution  of  heat  and  cold  spots  have  been  deternuned,  U 
in  most  of  the  experiments  on  record  no  distinction  was  nii 
between  protopathic  temperature  sensations  and  those  raedialt 
by  the  epicritic  temj>erature  nerves.  It  is  difficult  to  &il|| 
the  older  descriptions  to  this  newer  terminology,  but  when  a 
otherwise  specifically  stated  it  may  be  assumed  that  the  epicril 
system  is  referred  to.  In  general,  the  cold  spots  are  rafl 
numerous  than  the  warm  spots,  and  react  more  promptly 
their  adequate  stinmlus.  The  threshold  stimulus  varies  i 
dififerent  parts  of  the  skin,  the  tip  of  the  tongue  requiring  f 
smallest  stimulus  to  arouse  a  sensation,  and  the  eyelids,  foi 
head,  cheeks,  lips,  limbs,  and  trunk  following  in  the  ord 
named.  According  to  Goldscheider,  the  spots  on  most  portio 
of  the  skin  form  chains  that  have  a  somewhat  radiate  arranl 
meat  with  reference  to  the  hair  follicles.  The  temperati 
points  possess  each  its  adequate  stimulus,  that  for  I 
cold  spot  being  temperatures  lower  than  the  skin  or  of  the  termil 
organ  of  the  cold  nerves,  that  for  the  heat  spots  temperatures  hid 
than  their  own.  From  the  standpoint  of  specific  nerve  eni 
gies  it  is  most  mterestmg  to  find  that  these  points,  particul«( 
the  cold  spots,  may  be  stimulated  b}^  other  than  their  adequt 
stimuli.  Mechanical  and  electrical  stimulation  has,  in  the  handt 
several  observers,  been  efficient  in  causing  a  sensation  of  cold  Uj 
a  cold  spot  and  of  heat  npon  a  warm  spot.  8ome  chemical  still 
are  also  effective.     Menthol  applied  to  the  skin  gives  a  cold  M 
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tioD,  while,  on  the  other  hand,  if  the  arm  be  plunged  into  a  jar  of 
carbon-dioxid  gas  a  distinct  warm  sensation  will  be  experienced. 
A  curious  effect  of  this  kind  is  what  is  known  as  the  paradoxical 
cold  reaction.  It  is  produced  by  applying  a  very  warm  object,  with 
a  temperature  of  40°  to  60°  C,  to  a  cold  spot.  According  to 
Head  and  Rivers  this  reaction  is  rather  characteristic  of  the 
protopathic  temperature  fibers.  It  can  be  obtained,  for  example, 
from  the  glans  penis,  which  possesses  only  protopathic  sensibility, 
or  during  the  course  of  regeneration  of  a  severed  cutaneous 
nerve.  In  this  latter  condition  hot  objects  applied  to  a  cold 
spot  give  a  vivid  sensation  of  cold.  The  same  result  may  be 
felt  sometimes  at  the  instant  of  entering  a  hot  bath.  Many 
efforts  have  been  made  to  determine  whether  there  is  a  specific 
kind  of  end-organ  for  each  of  these  senses.  Numerous  observers 
have  cut  out  the  skin  from  cold  or  hot  spots  and  examined  the 
removed  part  carefully  by  histological  methods.  The  general 
result  has  been  that  no  distinctive  end-organs  have  been  found. 
Von  Frey,  however,  believes  that,  although  the  heat  spots  are 
supplied  simply  by  a  terminal  end  plexus,  the  cold  spots  in  some 
places  at  least  have  as  a  special  end-organ  the  end-bulbs  of 
Krause.  This  conclusion  is  based  upon  the  fact  that  these 
end-bulbs  are  found  in  places,  such  as  the  glans  penis  and  con- 
junctiva, where  the  cold  sense  is  especially  prominent  or  exclu- 
sively present. 

Tht  (Epicritic)  Sense  of  Pressure  or  Touch. — The  cutaneous 
pressure  points  are  smaller  and  more  numerous  than  the  cold 
or  warm  spots.  Von  Frey  has  shown  that  in  those  portions 
of  the  body  that  are  supplied  with  hairs  the  pressure  points 
lie  over  the  hair  follicles.  The  pressure  nerve-fibers,  in  fact, 
terminate  in  a  ring  surrounding  the  hair  follicle,  this  form 
of  termination  serving  as  an  end-organ.  On  account  of  their 
position  they  are  stimulated  by  any  pressure  exerted  upon 
the  hair.  The  hair,  indeed,  acts  like  a  lever  and  transmits  any  pres- 
sure applied  to  it  with  increased  intensity,  acting,  therefore,  as  re- 
gwds  the  pressure  organ  somewhat  like  the  ear-bones  in  the  case 
of  the  endings  of  the  auditory  nerve.  In  parts  of  the  body  not 
furnished  with  hairs  the  tactile  or  Meissner  corpuscles  are  found 
tod  these  structures  doubtless  function  as  pressure  end-organs. 
"Oieyare  particularly  abundant  in  the  parts  of  the  hand  and  feet  in 
^cha  delicate  sense  of  pressure  is  present  in  spite  of  a  much  thick- 
Qifid  epidermis.  It  has  been  estimated  that  for  the  entire  surface 
of  the  body,  excluding  the  head  region,  there  are  about  500,000 
of  these  pressure  points.  These  points  are  close  together  on  those 
parts,  such  as  the  tongue  and  fingers,  which  have  a  delicate  tactile 
wnse  and  more  widely  scattered  where  the  sense  is  less  developed. 

The  Threshold  Stimulus  and  the  Localizing  Power. — ^The 
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delicacy  of  the  sense  of  pressure  may  be  measured  by  detera 
the  minimal  pressure  necessary  to  arouse  a  sensation, — th 
the  threshold  stinmlus,— or  it  may  be  estimated  in  terms  ( 
power  of  discriminating  two  contiguous  stimuli, — that  is,  the 
mal  distance  that  two  points  must  be  apart  in  order  for  the  i 
tions  to  be  recognized  as  distinct.  The  two  methods  of  mei 
ment  do  not  coincide.  As  determined  by  the  threshold  stir 
the  greatest  delicacy  is  exhibited  by  the  skin  of  the  face,  the 
head,  and  temples.  According  to  the  older  methods  of  me 
ment,  the  forehead  will  perceive  a  pressure  of  2  mgs.,  while  th 
of  the  tips  of  the  fingers  needs  a  pressure  of  from  5  to  15  id 
arouse  a  perceptible  sensation.  The  back  of  the  hand  or  th 
is  more  sensitive  from  this  standpoint  than  the  tips  of  the  fi 
When  measured  by  the  powder  of  discriminating  two  po 
that  is,  the  localizing  sense — the  tips  of  the  fingers  are  far 
sensitive  than  the  skin  of  the  face  or  of  the  arm.  This  latter 
erty,  in  fact,  stands  in  relation  to  the  closeness  of  the  pr 
points  to  one  another.  The  localizing  sense  may  be  deter 
by  Weber's  method  of  using  a  pair  of  compasses  with  blunt  j 
For  any  given  area  of  the  skin  the  power  of  discrimination  or 
izati on  is  expressed  in  terms  of  the  number  of  millimeters  be 
the  two  points  at  which  they  are  just  distinguislied  as  two  sej 
sensations  when  applied  simultaneously  to  the  skin.  Instrui 
made  for  this  purpose  are  designated  as  esthesiometers. 
carry  two  points  the  distance  of  which  apart  can  be  readily  ad] 
and  read  off  on  a  scale.  The  most  satisfactory^  form  of  eathc 
eter  is  that  devised  by  von  Frey.  The  two  points  in  this  ca 
made  by  long,  rather  stiff  hairs  whose  pressure  can  be  made 
unifonii.  According  to  the  older  measurements^  the  discrin 
ing  sense  of  tlifferent  parts  of  the  skin  varies  greatly,  as  is  shoi 
the  accompanying  table: 

Tip  of  the  tongue LI 

Tip  of  finger»  palmar  surface ,.....,     2,3 

Sfiond  phalaioc  ftnger,  palinar  surface 4.6 

Flnat  phalanx  finger,  palmar  surface. . , 6.5 

Third  phalanx  finger,  dorsal  surface. 6.8 

Middle  of  palm, .8  to  9 

Second  phalanx  finger,  dorsal  surface ....    11.3 

Forehead -    22.6 

Back  of  the  hand .31,6 

Forearm, ,,,,,. 40. G 

Sternum ^,**.*, .,.,., .  .   45 

Alon^  the  spine. ,  •  * • ,  ,  .  .   54 

Middle  of  ni^ck  or  back. 67.7 


The  tips  of  the  tongue  and  the  fingers  are,  therefore,  the 
delicate  surfaces,  and  that  the  ton^ie  surpasses  the  fingers  i 
respect  is  easily  within  the  experience  of  everyone  who  will 
the  ease  with  whieh  small  objects  between  the  teeth  are  detect 
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the  tongue  as  compared  with  the  fingers.  From  the  above  data  it 
is  evident  also  that  the  whole  skin  may  be  imagined  as  composed 
of  a  mosaic  of  areas  of  different  sizes^  the  sensory  circles  of  Weber, 
in  each  of  which  two  or  more  simultaneous  stimulations  of  the  pres- 
sure nerves  give  only  one  pressure  sensation.  The  size  of  these 
areas,  particularly  where  they  are  large,  may  be  reduced  by  practice, 
M  is  shown  by  the  increased  tactile  sensibility  of  the  blind.  The 
fact  that  we  can  recognize  two  simultaneous  pressure  stimuli  of  the 
skin  as  two  distinct  sensations  implies  that  the  two  sensations  have 
some  recognizable  difference  in  consciousness.  This  difference  is 
spoken  of  as  the  local  sign.  We  may  believe  that  every  sensitive 
point  upon  the  skin  has  its  own  distinctive  local  sign  or  quality,  and 
that  by  experience  we  have  learned  to  project  each  local  sign  more 
or  less  accurately  to  its  proper  place  on  the  skin  surface.  Two  points 
on  this  surface  that  are  a  great  distance  apart  are  easily  recognized 
as  different;  but  as  we  bring  the  points  closer  together  the  difference 
becomes  less  marked  and  finally  disappears  when  the  distance 
eonesponds  to  the  area  of  the  sensory  circle  for  the  part  of  the  skin 
investigated,  for  instance,  1  mm.  for  the  tongue,  22  mms.  for  the 
forehead,  etc.  The  ultimate  limit  of  the  power  of  discrimination 
was  assumed  by  Weber  to  depend  upon  the  area  of  distribution  of 
ft  single  nerve  fiber.  Assuming  that  each  nerve  fiber  at  its  termi- 
nation spreads  over  a  certain  skin  area,  it  was  suggested  that  the 
size  of  this  area  forms  a  limit  to  the  power  of  discrimination, 
since  two  stimuli  within  it  would  affect  a  single  fiber  and  therefore 
would  give  a  single  sensation. 

This  view,  however,  has  not  been  supposed  to  accord  with  the 
facts  even  when  the  additional  supposition  was  made  that  the  local 
signs  of  two  adjacent  fibers  may  not  be  distinct  enough  for  us  to 
recognize  them  as  separate  and  that  practically  there  must  be  a 
number  of  intervening  unstimulated  areas,  the  number  varying 
according  to  the  sensitiveness  of  the  area.  Von  P>ey  has,  however, 
given  a  new  method  of  testing  the  localizing  sense  of  the  skin,  the 
results  of  which  seem  to  accord  with  this  anatomical  explanation. 
B  instead  of  applying  the  two  points  simultaneously  they  are 
applied  in  succession,  at  an  interval  of  one  second,  the  individual  can 
distinguish  the  difference  when  two  neighboring  pressure  points  are 
stimulated.  Each  pressure  point  in  the  skin,  therefore,  has  a  local 
sign,  which  enables  us  to  distinguish  it  from  all  others,  and  by  this 
method  the  ultimate  sensory  circles  on  the  skin  become  much 
snaaller  than  when  measured  by  the  usual  method  of  Weber.  The 
center  of  each  is  a  pressure  point  and  the  area  is  determined  by  the 
<Ji8tance  from  this  center  at  which  an  isolated  stimulation  of  this 
point  can  be  obtained.  It  seems  probable,  moreover,  that  each  of 
these  pressure  points  is  connected  to  the  brain  by  a  separate  nerve 
path,  possibly  a  single  fiber,  and  that  this  anatomical  arrangement 
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determines  the  limitation  of   the  loe^lizing  sense   for  diflferait 

regions  of  the  skin. 

In  the  newer  work  of  Head  and  Rivers,  wlucli  has  been  referred  to  sevefil 
time.s.  it  wilJ  W  reciilled  that  they  tlistiii^uisb  ftrst  of  alJ  l)etween  cutaoieQUi 
senKibiliiy  to  presaiire  anil  n  dr*ep  senn*^'  of  pressure.  When  the  cutaoeooi 
fibt»rs  of  a  given  area  are  all  destroyed  by  degeneration,  the  area  is  still  «!K 
flitive  to  pressure  applied  so  a^  to  deform  the  skin  inward.  The  fpot  # 
stimulattd  can  be  localized  accurately.  This  cie*p  sense  of  pressure  is  mediated 
by  the  detp  nerve  filxtrs   wliich  j^upply   the  myseles.     According  to  tbeM 

%en«iibiliti 


authors  the  cutamKiuw  pressure  sensibility  is  mediates!  Jjy  two  set-s  of 
those  which  ^ve  us  the  power  of  tactile  di^ceriiiunation  when  the  coi 
points  are  applie<l  simultaneougly  to  the  skin,  and  those  which  give  us  tfai 
power  of  reco^nixing  nirtiply  Yx^ht  prt^ssmrm.  In  lesions  of  the  spinal  cord  one  of 
these  .'w.^nsibilities  may  be  tost  and  the  other  retained  over  a  pven  skin  awi 
(Heati  iind  Thompson,  **  Brain/'  1906),  In  fatl,  the  fibera  of  tactile  di«!rimi- 
nation  are  atatetl  to  pass  up  the  coni  (vincrot?sed)  in  the  posterior  fuiucuJl 
while  those  of  n^hi  pressures  ascend  in  the  lateral  or  ant^erohiteral  fimicuB 
and  c^roHi^  before  rf?achjng  the  mwlulla. 

The  Pain  Sense.— Pain  is  probably  the  sense  that  is  most  widely 
distributed  in  the  body.  It  Ls  present  throiighont  the  skin,  and 
under  certain  conditions  may  be  aroused  by  stimulation  of  sensory 
nerves  in  the  various  visceral  organs,  and  indeed  in  all  of  the  mem* 
branes  of  the  body.  Our  knowledge  of  the  physiological  properties 
of  the  end-organs  and  nerv^es  mediating  this  sense  is  chiefly  limitai 
to  the  skin,  and  for  cutaneous  pain  at  least  the  e\idence,  as  stated 
above,  is  \^er>^  strongly  in  favor  of  the  \iew  that  there  exists  a  special 
set  of  fibers  which  have  a  specific  energy  for  pain.  All  recent  ob- 
serv^ers  agree  that  the  pain  sense  has  a  punctifonn  distribution  ift 
the  skin,  the  pain  points  being  even  more  numerous  than  the  pre*. 
sure  points.  The  threshold  stimulus  of  the.se  points  in  varioui 
r^ions  may  be  determined  by  von  Frey's  stimulating  hairs,  and 
experiments  of  this  kind  show,  as  we  should  expect,  that  it  viuies 
greatly.  The  cornea,  for  instance,  gives  sensations  of  pain  with 
much  weaker  stimuli  than  in  the  case  of  the  finger  tips.  In  generali 
how'ever,  the  threshold  stimidus  is  much  higher  for  the  pain  thail 
for  the  pressure  points.  Histological  examination  of  the  pain  pointi 
indicates  that  there  is  no  special  end-organ,  the  stimulus  takinf 
effect  upon  the  free  endings  of  the  nerve  fibers.  Any  of  the  usual 
forms  of  artificial  nerve  stimuli  may  affect  these  endings  if  of  fiuf* 
ficient  intensity,  and,  as  is  w^ell  known,  stimuli  applied  to  sensorf 
nerve  trunks  affect  these  fibers  with  especial  ease.  A  temperatui 
of  50°  to  70 "^  C.  apphed  to  an  afferent  nerve  will  cause  violent 
sensations,  but  has  no  effect  upon  the  motor  nerve  fibers  in  the 
tnmk.  Mechanical  stimulation  gives  usually  only  pain  sensationil 
and  the  results  of  inflammatory^  changes,  as  in  neuritis  or  neural^ 
are  equally  marked. 

Loculmdkm  or  Projection  of  Pain  Sethsatians, — Under  noi 
conditions  cutaneous  pains  are  projected  with  accuracy  to  the  jioiut 
stimulated,  and  it  is  possible  that  this  result  is  due  in  part  at  least 
to  the  training  acquired  in  connection  with  concomitant  (epicritic) 
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Msure  sensations,  the  latter  acting  as  a  guide  or  aid  in  the  pro- 
ition.  Thus  in  the  cases  referred  to  above,  in  which  a  portion 
the  skin  had  lost  the  sense  of  pressure  and  temperature,  but 
ained  that  of  pain,  it  was  found  that  the  locaUzation  was  very 
omplete.  Pain  arising  in  the  internal  organs,  on  the  contrary, 
ocated  very  inaccurately.  The  pain  from  a  severe  toothache, 
example,  may  be  projected  quite  diffusely  to  the  side  of  the  face, 
^ery  interesting  fact  in  this  connection  is  that  such  pains  are 
sn  referred  to  points  on  the  skin  and  may  be  accompanied  by 
1  areas  of  tenderness.  Pains  of  thia  kind  that  are  misreferred 
he  surface  of  the  body  are  designated  as  reflected  pains.  It  has 
Q  shown  by  Head  *  and  others  that  the  different  visceral  organs 
'e,  in  this  respect,  a  more  or  less  definite  relation  to  certain 
as  of  the  skin.  Pains  arising  from  stimuli  acting  upon  the 
»tines  are  located  in  the  skin  of  the  back,  loins,  and  abdomen 
the  area  supplied  by  the  ninth,  tenth,  and  eleventh  dorsal 
lal  nerves;  pains  from  irritations  in  the  stomach  are  located 
iie  skin  over  the  ensiform  cartilage;  those  from  the  heart  in  the 
pular  region,  and  so  on.  The  explanation  offered  for  this 
Deference  is  that  the  pain  is  referred  to  the  skin  region  that  is 
jplied  from  the  spinal  segment  from  which  the  organ  in  question 
eives  its  sensory  fibers,  the  misreference  being  due  to  a  diffusion 
the  nerve  centers.  As  Head  expresses  it,  "when  a  painful 
Dulus  is  applied  to  a  part  of  low  sensibility  in  close  central 
inection  with  a  part  of  much  greater  sensibiUty  the  pain  pro- 
»d  is  felt  in  the  part  of  higher  sensibility  rather  than  in  the  part 
bwer  sensibility  to  which  the  stimulus  was  actually  applied." 
is  interesting  that  affections  of  the  serous  cavities — e.  g.,  the 
itoneum — do  not  cause  reflected  pains  or  cutaneous  tenderness 
in  the  case  of  the  viscera.  Another  notable  fact  in  this  connec- 
1  is  the  occurrence  of  the  condition  known  as  allochiria.  When 
m  any  cause  one  or  other  of  the  cutaneous  senses  is  depressed 
a  given  area  stimulation  in  this  region  may  give  sensations 
ich  are  referred  to  the  symmetrical  area  on  the  other  side  of 
body,  or,  if  this  also  is  involved,  it  may  be  referred  to  the  area 
:t  above  or  below  in  the  spinal  order.  The  above  law, 
ording  to  which  projection  is  made  to  the  area  of  high  sensi- 
ty  most  closely  connected  with  the  area  of  low  sensibility, 
us  to  hold  in  this  case  also. 

Muscular  or  Deep  Sensibility. — The  existence  of  a  special  set 
^nsory  nerve-fibers  distributed  to  the  muscles  was  clearly 
agnized  by  some  of  the  older  physiologists.  Charles  Bell,t 
example,    says :    "  Between    the    brain    and    the    muscles 

Head,  "Brain,"  16,  1,  1893,  and  24,  345,  1901. 

BdB,  "The  Nervous  System  of  the  Human  Body,"  third  edition,  Lon- 

1S44,  p.  200. 
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there  is  a  circle  of  nerves;  one  nerve  conveys  the  Influence 
from  the  brain  to  the  iiuiscle;  another  gives  the  sense  of  the 
condition  of  the  muscle  to*  t!ie  brain/'     The  conclusive  proo! 
of  the  existence  of  such   fibers,   however,   has  only  been  hir- 
Tiished   within  recent   years.     It  has  been   demonstrated  xhhi 
there  are  special  sensory  endings  in  the  muscles,  the  so-called 
muscle  spindles,  and  in  the  attached  tendons,  the  tendon  spindle* 
or  tendon  organs  of  Clolgi.     The  muscle  spindles  are  found  mort 
frequently  in  the  neighborhood  of  the  tendons,  at  tendinous  inU•^ 
sections  or  under  aponeuroses.     Sherrington*  has  sho^\^l  that  the 
nerve  fibers  in  them  do  not  degenerate  after  section  of  the  anterior 
roots  of  the  corresponding  spinal  nerves  and  are  therefore  deri^tid 
from  the  posterior  roots.     In  the  muscles  of  the  limljs  he  estmmtei 
that  from  one-half  to  one-third  of  the  fibers  in  the  muscular  ttent 
branches  are  sensor>^,  and  that  most  of  these  sensory  fibers  end  at 
the  muscle  spindles.     On  the  physiological  and  clinical  side  facte  of 
various  kinds  have  accumulated  that  make  clear  the  existence  rf 
this  group  of  sensory  fibers  and  emphasize  their  essential  importance 
in  the  co-ordination  of  our  muscular  movements.    It  has  been  ahoirii 
that  stimulation  of  the  nerves  distributed  to  the  muscles  or  mechaii- 
cal  stimulation  of  the  muscles  themselves  causes  a  depressor  eSM  I 
upon  blood-pre.ssure,  thus  demonstrating  the  presence  of  affewrti 
fibers  in  the  muscles.    As  described  in  the  section  upon  the  cental  I 
nervous  system,  the  numerous  experiments  upon  the  effect  ol ocictiiM 
of  the  posterior  and  lateral  funiculi  of  the  cord,  and  observatkiq 
upon  the  results  of  pathological  lesions  of  the  posterior  funicuS 
(tabes  dorsalis)  give  results  which  are  interpreted  to  mean  Uu* 
fibers  of  muscular  sensibility  form  the  most  importanl  group  in , 
the  posterior  funiculi  and  constitute,  as  well,  perhaps,  Xh* 
ascending  fibers  in  the  cerebellospinal  fiisciculus  in  the  ■ 
funiculi.     It  is  believed,  therefore,  that  our  so-called  voluntiff  [ 
muscles  are  richly  supplied  with  afferent  fibers  and  that  the  ifl 
pulses  carried  by  these  fibers  to  the  brain  are  necessant-  fort 
proper  contraction  of  the  muscles,  and  particularly  for  the 
quate  combination  of  the  contractions  of  groups  of  mus 
the  co-ordinated  movements  of  equilibrium.     Indeed,  section^ 
the  posterior  roots  of  the  spinal  nerves  supplying  a  given  \ 
is  followed  by  a  loss  of  control  of  the  muscles  in  tliis 
hardly   less   complete   than   the   paralysis   produced   by 
section  of  the  anterior  roots;  the   muscles  not  only  lose 
tonicity  in  consequence  of  the  dropping  out  of  the  reflex  aen 
stimuli  from  the  skin  and  muscles  of  the  region^  but  they 
apparently  withdrawn  from  voluntary  control  in  spite  of 
maintenance  of   their  normal   motor   connections.     Within 
central  nervous  system  the  fibers  of  muscle  sense  end  in  piarij 
•  Sherrington  J  "Journal  of  Physiology/*  17,  237,  18M. 
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the  cerebellum  and  in  part  pass  forward,  by  way  of  the  median 
illet,  to  end  in  the  cerebrum.  In  the  cerebrum  they  end  in  the 
Jortex  of  the  parietal  lobe  in  the  region  of  the  posterior  central 
involution.  There  is  reason  to  believe  that  this  cortical  sense 
irea  of  the  muscle  sense  is  connected  by  association  fibers  with 
he  motor  areas  lying  anterior  to  the  central  fissure  of  Rolando, 
nd  we  have  thus  a  reflex  arc — or,  as  Bell  expressed  it,  a  circle 
f  nerves  between  the  muscles  and  the  brain.  It  is  probable 
!iat  a  similar  arc  or  circle  is  formed  by  the  connections  through 
16  cerebellum,  and  still  a  third  one  of  a  lower  order  by  the 
mne(?tions  in  the  spinal  cord.  In  the  higher  animals  the 
npulses  received  in  the  cerebellum  through  the  fibers  of  muscle 
aise,  in  connection  with  those  received  from  the  semicircular 
mals  and  vestibular  sacs  of  the  ear,  furnish  the  afferent  element 
I  the  reflex  cerebellar  control  of  muscular  movements,  particularly 
'  the  synergetic  combinations  necessary  in  locomotion.  Through 
le  circle  or  arc  in  the  cortex  of  the  cerebrum  it  may  be  supposed 
uit  our  characteristic  voluntary  movements  are  affected,  and 

may  be  doubted  whether  a  so-called  voluntary  contraction 
m  be  made  when  this  circle  is  broken  on  the  sensory  side. 
liether  or  not  this  latter  suggestion  is  true,  it  seems  to  be 
syond  doubt  that  adequately  controlled  voluntary  movements 
qiend  for  their  adaptation  upon  the  inflow  of  afferent  impulses 
ong  the  fibers  of  muscle  sense.  We  have  a  certain  conscious- 
»8  of  the  condition  of  our  muscles  at  all  times,  and  if  we  were 
sprived  of  this  knowledge  we  should  be  unable  to  control  them 
!operly,  perhaps  unable  to  use  them  voluntarily. 

The  Quality  of  the  Muscular  Sensibility. — Under  the  term 
uscular  sensibility  in  its  wide  sense  we  must  understand  the 
nsibility  mediated  by  the  afferent  fibers  from  the  muscles, 
le  tendons,  ligaments,  and  joints.  The  quality  of  these  deep 
Dsations  is  of  several  kinds — we  have  first  of  all  the  deep 
tessure  sensibility  (see  p.  273),  which  gives  a  definite  conscious 
action  that  is  well  localized.  It  is  usually  projected  to  the 
terior  and  is  not  consciously  separated  from  the  tactile  or 
essure  sensations  of  the  skin.  We  probably  make  much  use 
this  sensibility  in  judging  the  weight  and  resistance  of  bodies. 
ascular  sensibility  proper  is  that  ill-defined  consciousness 
rich  we  possess  of  the  condition  and  position  of  our  muscles 
of  the  joints  or  limbs  moved  by  them.  It  includes  also  the 
188  of  passive  position,  and  the  sense  of  effort  and  of  the  spatial 
itions  of  the  limbs  in  motion  or  at  rest.  When  the  afferent 
ans  from  the  muscles  and  joints  are  traced  into  the  central 
vous  system,  some  of  them,  it  will  be  remembered,  enter  the 
cts  of  Flechsig  and  Gower  and  end  in  the  cerebellum,  while 
ers  pass  up  the  cord  in  the  posterior  funiculi,  enter  the  lemniscus, 
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and  terminate  eventually  in  the  cerebral  cort-ex  in  tlie 
Roland ic  region.     Our  eonscious  muscukir  sensations  are  me 
presuniably  by  this  latter  group.     The  untrained  person 
recognizes  the  existence  of  these  sensations,  but  they  are  i 
enough  upon  analysis,  and  it  is  most  certain  that  they 
fundamental  part  in  regulating  our  movement.s.     In  our 
tions  of  the  extent  of  the  nioseiilar  contractions  they  form  tlM 
chief  sensory  basis,  and  in  this  way  they  may  indirectly  fu 
us  with  data  for  perceptions  and  judgments  of  various 
Doubtless,  also,  this  sense  takes  an  essential  part  in  the  prii: 
formation  of  our  conceptions  of  space,  since  it  may  be  assu 
that  the  continual  movements  of  the  extremities  furnish  in 
nection  with  our  visual  and  tactile  impressions  essential 
upon  which  we  build  our  perceptions  of  distance  and  size. 
judgments  of  spatial  relations.     As  is  explainetl  in  the  cl 
on  the  Physiology'  of  the  Ear,  the  sensations  from  the 
circular  canals  and  vestibular  sacs  co-operate  in  giving  data] 
these  fundamental  conceptions,  and  it  is  not  possible  for 
disentangle  the  parts  taken  by  these  senses  separately  in  bu 
up  our  knowledge  of  the  external  w  orld. 

Sensations  of  Hunger  and  Thirst. — Hunger  and  thinit 
typical  interior  (or  eonmion)  sensations.     We  feel  them  sls  ch 
in  ourselves,  although  the  sensations  are  of  such  a  vague  ch 
that  it  is  difficult  to  analyze  them  successfully  by  methods  of  i 
spection.     The  feeling  that  we  designate  commonly  as  hi] 
appetite  occurs  normally  at  a  certain  time  after  meals,  and  i 
referred  or  projected  more  or  less  definitely  to  the  region  of  | 
stomach.     When  the  sensation  is  not  satisfied  by  the  inge^o 
food,  it  increases  in  intensity  and  the  indi%ddual  experience*  ( 
pangs  of  hunger.     The  testimony  of  those  who  have  starved  j 
long  periods,  as  well  as  the  experience  of  professional  fa^sters^  ifl 
cates  that  these  pangs  after  a  few  days  diminish  in  strength  I 
finally  disappear,  so  that  prolonged  starvation  is  not  aceomp 
neces^sarily  by  physical  suflering.     The  older  observ^ers 
distinction  between  a  hunger  supposed  to  be  due  to  conditio 
the  stomach  and  a  hunger  due  to  insufficient  nutrition  in  the  1 
at  large,     WTiether  or  not  sensations  of  this  quality  can  arise  I 
impoverished  nutrition  of  the  tissues  in  general  has  been  a  i 
of  some  dispute.     There  are  some  facts  which  indicate 
general  or  somatic  hunger  may  exist,  for  example*  the  conii 
hunger,  in  spite  of  ample  food,  w^hich  may  be  present  in  a  i 
such  as  diabetes,  or  such  a  case  as  that  describeil  by  Herti,! 
which  a  patient  with  an  intestinal  ti.stula  through  which  most  off 
food  escaped  complained  of  conatiint  hunger^  althougli  his  i 

*  Hortz,  'The  Hensibility  of  the  AUrTit*ntury  Canal/*  Londoa,  1911 
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irag  filled  with  food.  But  what  we  usually  mean  by  hunger  is  a 
seosation  that  is  referable  to  changes  in  the  stomach  and  disap- 
pears normally  when  the  stomach  is  supplied  with  food.  The 
underlying  sensory  apparatus  through  which  this  sensation  is 
mediated  is  not  fully  understood.  Cannon  and  Washburn*  have 
dbown  that  when  the  stomach  is  empty  the  hunger  sensations  may 
appear  and  disappear  at  certain  intervals,  and  they  have  demon- 
strated experimentally  that  the  appearance  of  a  hunger  pain  is 
omultaneous  with  a  contraction  of  the  musculature  of  the  stomach. 
Hey  propose  the  theory  that  hunger  sensations  or  hunger  pains 
are  caused  by  contractions  of  the  stomach,  the  contractions  affect- 
ing presumably  some  as  yet  undescribed  sensory  apparatus. 
Carbon  t  has  reported  observations  upon  a  man  with  a  permanent 
gutric  fistula,  which  corroborate  the  results  of  Cannon  and  Wash- 
bam.  He  has  shown,  moreover,  upon  this  subject  that  when  the 
empty  stomach  is  made  to  contract  by  mechanical  stimulation 
(&tention  of  a  balloon  placed  in  the  stomach)  a  concomitant  hun- 
ger pain  is  aroused.  While  these  experiments  seem  to  demonstrate 
that  the  exacerbation  of  the  hunger  sensation  which  we  may  desig- 
nate as  a  himger  pain  is  referable  to  a  contraction  of  the  stomach,  it 
may  be  doubted  whether  such  contractions  form  the  sole  cause  of 
liie  sensation.  It  seems  to  be  necessary  to  take  into  account  also 
the  condition  of  the  underlying  sensory  apparatus;  that  is  to  say,  we 
sannot  suppose  that  a  contraction  of  the  stomach  always  causes  a 
^mgjsr  sensation.  On  the  contrary,  we  know  that  when  the 
itomach  is  filled  with  food  the  sensations  of  hunger  cease,  in  spite 
rf  the  active  movements  of  gastric  digestion  which  are  in  progress. 
It  has  been  suggested,  therefore,  that  in  the  empty  stomach  there 
loeurs  for  some  reason  a  gradual  increase  in  the  irritability  of  the 
leosory  endings  mediating  hunger,  and,  on  the  other  hand,  that  this 
nitability  diminishes  after  the  stomach  is  filled.  In  this  respect 
JUT  knowledge  is  very  incomplete.  A  further  diflSculty  presented 
Iqr  this  subject  is  found  in  the  confusion  existing  in  regard  to  the 
Bgnificance  of  the  terms  hunger  and  appetite.  Most  writers  have 
ieen  inclined  to  use  these  terms  to  indicate  different  degrees  of 
ictivity  of  the  same  sensory  apparatus,  appetite  being  employed  to 
ieBcribe  the  milder  forms  of  hunger  as  contrasted  with  the  stronger 
nd  more  disagreeable  sensations  designated  as  hunger  pains  or 
Rmgier  pangs.  Other  authors  consider  that  hunger  and  appetite 
ODstitute  two  different  sensations  mediated  presumably  by  two 
ifferent  ph3rsiological  mechanisms.  Thus,  Cannon  and  Wash- 
[im  define  appetite  as  a  kind  of  pleasurable  mental  state  cormected 
ith  stimulation  of  the  nerves  of  taste  or  odor  and  dependent  upon 

•  Cannon  and  Washburn,  "American  Journal  of  Physiology,"  29, 441, 1912. 
t  Carlson,  iind.,  31,  151,  1912,  and  31,  175,  and  212,  1913. 
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past  associations  of  an  agreeable  character.     It  seems  to  the  autkt 
that  this  is  a  somewhat  arbitmry  limitation  of  the  meaning  of  the 
term,  which  does  not  accord  with  the  customar^^  usage,  nor  with 
the  fact  tliat  conditions  of  loss  of  appetite  are  known  (anorexii)  I 
which  are  caused   by  localised  changes  in  the  gastric  mucooi 
membrane.     Under  orihnary  contlitions  of  life  the  regulation  t*f 
the  aoKJunt  ami  quality  of  tiie  f{>()d  ntTcssary  to  the  proper  nutri' 
tion  of  the  l>ody  and  the  miiinteuance  of  boiiy  ecimUbriiau  is  | 
effectetl  through  the  sense  of  hunger  or  of  hunger  and  appetite. 
Its  striking  influence  upon  the  body  at  large  is  well  illustrated  in  the  I 
ease  of  animals  (pigeons,  dogs)  deprived  of  their  cerebrum,    Dur-| 
ing  the  period  of  fjistiiig  these  animals  show  all  the  external  i 
of  hunger,  and  kef*p  in  eontinuab  restless  movement  that  seenw  to  I 
imply  a  constimtly  acting  sensor^^  stimulus.     The  complexity  d 
the  nervous  apparatus  that  controls  the  ap|>etite  is  sho^Ti  by  many 
facts  from  the  experiences  of  life  and  from  the  results  of  laixrn^" 
tory  investigations.     For  example,  it  is  fomid  that  large  amount* 
of  gelatin  in  the  diet,  although  at  first  accepted  wiUingly,  ?oott 
provoke  a  feeling  of  dislike  and  aversion  to  this  particular  foodstuff 
which  cannot  i>e  overcome.     An  animal  will  star\^e  rather  ihaa 
use  the  gelatin,  although  all  of  our  direct  physiological  c^iHlcn*^ 
would  intlicate  that  tliis  substance  is  an  efficio] it 
much  the  same  part  iis  the  fats  or  carlvohydrateN.     a  ju«i 
this  kiml  indicates  that  the  sensory  ap])aratns  of  the  appetite  i» I 
influenceil  in  some  sjx^cific  way  l:)y  the  metabolism  of  this  particu^i 
lar  material.     So  also  the  feeling  of  satiety  and  aversion  fori 
food  that  follows  overfeeding  indicates  something  more  than  &I 
simple  removal  of  the  sensations  of  hunger;  it  implies  an  activci 
state,  due  possibly  to  the  excitation  of  sensorj^  fibers  of  a  diiferentl 
character. 

The  Sense  of  Thirst, — CXir  sensations  of  thirst  are  projected  I 
more  or  less  accurately  to  the  phar>  nx,  and  the  facts  that  we  know j 
would  seem  to  indicate  that  the  sensor}'  nerves  of  this  region  hh^ 
the  important  function  of  mediating  this  sense.     The  w^ater 
tents  of  the  body  are  subject  to  great  changes.     Through  the  lu 
the  skin,  and  the  kidneys  water  is  lost  continually  in  amounts  1 
vary  with  the  conditions  of  life.     This  loss  affects  the  blood  direcil; 
but  is  doubtless  made  good,  so  far  as  this  tissue  is  concerned,  byi 
call  upon  the  great  mass  of  water  contained  in  the  storehouse  of  1 
tissues.    To  restore  the  body  tissues  to  their  normal  equilibriti 
in  water  we  ingest  large  quantities,  and  the  control  of  this  rcgub 
tion  is  effected  through  the  sense  of  thirst.     We  know  Utile 
nothing  about  the  nerv^ous  apparatus  involved;    but   it  may 
assumed  that  when  the  water  content  falls  below  a  certain  amou 
the  ner\'e  fibers  in  the  pharyngeal  membrane  (fibers  of  the  ^c 
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)haryi^eal  nerve)  are  stimulated  and  give  us  the  sensation  of 
hiret.  That  we  have  in  this  membrane  a  special  end-organ  of 
bint  is  indicated,  moreover,  by  the  fact  that  local  drying  in  this 
^ion,  from  dry  or  salty  food,  or  dry  and  dusty  air,  produces  a 
sisation  of  thirst  that  may  be  appeased  by  moistening  the  mem- 
rane  with  a  small  amount  of  water  not  in  itself  sufficient  to  relieve 
gmuine  water  need  of  the  body.  Our  normal  thirst  sensations 
ight  be  designated,  therefore,  as  phar3nigeal  thirst,  to  indicate 
le  probable  origin  of  the  sensory  stimuli.  Prolonged  deprivation 
water,  however,  must  affect  the  water  content  of  all  the  tissues, 
id  mider  these  conditions  sensations  are  experienced  whose  quality 
Dot  that  of  simple  thirst  alone,  but  of  pain  or  suffering.  All  ac- 
«nts  agree  that  complete  deprivation  of  water  for  long  periods 
duces  intense  discomfort,  anguish,  and  possibly  mental  troubles, 
id  we  may  suppose  that  under  these  conditions  sensory  nerves 
»  stimulated  in  many  tissues,  and  that  the  metabolism  in  the  ner- 
ous  system  in  addition  is  directly  affected  by  the  loss  of  water.*  It 
interesting  to  note  that  while  in  diseases  due  to  a  general  inf  ec- 
on,  loss  of  appetite,  anorexia,  is  a  frequent  symptom,  there  is  no 
XTeq)onding  loss  of  the  sense  of  thirst.  Even  in  hydrophobia 
le  patient  experiences  the  sensations  of  thirst,  although  unable 
>  drink  water. 

•  According  to  an  interesting  account  of  death  from  voluntary  starvation, 
loted  by  Hertz  floe,  cit.),  there  comes  a  time  at  which  neither  thirst  nor 
mger  causes  any  distress. 


CHAPTER  XVT. 
SENSAnONS  OF  TASTE  AND  SHELL. 

The  sense  of  taste  is  mediated  by  nerve  fibers  distributed  1 
parts  of  the  buccal  cavity  and  particularly  to  parts  of  the  ton 
The  most  sensitive  regions  are  the  tip,  the  borders,  and  the  poste 
ixyrtion  of  the  dorsum  of  the  tongue  in  the  region  of  the 
vallate  papillae.     Taste  buds  and  a  sense  of  tast^i  are  described  i 
for  the  soft  palate,  the  epiglottis,  and  even  for  the  larj^nx. 
sense  is  not  present  umformly  over  the  entire  dorsum  of  the  ton 
On  the  contrar}%  it  has  an  irregular,  punetiform  distribution  i 
most  of  tliis  region  with  the  exception  of  the  parts  mentioned  ab 

The  Nerves  of  Taste.— The  anterior  two-thirds  of  the 
are  supplied  with  sensory"  fibers  from  the  lingual  ner\'e,  a  br 
of  the  inferior  maxillary  division  of  the  fifth  nerve,  and  the  ] 
third  from  the  glossopharvngeal.     Tlie  taste  fibers  for  these  i 
therefore,  are  supplied  imnied lately  through  these  ner\'es.    It  1 
been  shown,  moreover,  that  the  taste  fibers  carried  in  the 
are  brought  to  it  through  the  chorda  tympani  nervT,  wliich  ; 
from  the  seventh  cranial  nerve  and  joins  the  lingual  soon 
emerging  from  the  tympanic  cavity  of  the  ear*    There  has 
much  discussion  as  to  the  origin  of  these  taste  fillers  from  the  bn 
At  first  sight  it  would  seem  that  the  fibers  for  the  posterior  1 
of  the  tongue  must  have  their  origin  from  the  brain  in  the  gk 
phar}^ngeal  and  those  for  the  anttTior  two-thirds  in  the 
portion  of  the  facial.     Many  surgeons  have  reported,  however,  I 
complete  extir|>ation  of  the  semilunar  ganglion  of  the  fifth  ne 
is  followed  by  complete  loss  of  taste  in  the  corresponding  sida 
the  tongue,  and  others  have  described  a  loss  of  taste  for 
anterior  two-thirds  following  a  similar  operation.    Some  autl 
have    asserted,   tlierefore,   that    all    the   taste   fibers  or 
or  rather  end  in  the  sensory^  nucleus  of  the  fifth,  while  otJ 
believe  that  the  fibers  running  in  the  chorda  tympani,  at ! 
take  their  origin  in  the  fifth  nerve.     It  is  supposed  by  th 
authors  that  the  fibers  reach  the  semilunar  ganglion  by  a  i 
cuitona  route,  as  is  indicated  in  the  diagram  given  in  Fig. 
Those  that  run  in  the  lingual  and  chorda  tympani  ner\'€S  i 
assumed  to  pass  to  the  ganglion  by  way  of  the  great  superfi<^ 
petrosal   and   Vidian  nerves  and  the  sphenopalatine  gangli<*ti« 
while  those  that  are  ccmtained  in  the  glossopharyngeal  read 
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the  same  ganglion  through  the  tympanic  nerve,  the  small  super- 
ficial petrosal,  and  the  otic  ganglion.  A  report  by  Gushing* 
of  the  results  of  removal  of  the  Gasserian  ganglion  in  thirteen 
cases  throws  much  doubt  upon  these  views.  This  author  made 
careful  examinations  of  the  sense  of  taste,  not  only  immediately 
after  the  operation,  but  for  a  long  period  subsequently.  He 
states  that  in  no  case  was  there  any  effect  upon  the  sense  of  taste 
in  the  posterior  third  of  the  tongue.  We  may  believe,  therefore, 
that  the  taste  fibers  of  this  part  arise  immediately  from  the  ganglion- 
celb  in  the  petrosal  ganglion  and  enter  the  brain  with  the  roots  of 
the  nerve  to  terminate  in  its  sensory  nucleus  in  the  medulla. 


TLinui 


\  ift^*,  tt^cHfit  iH«Mr 


.  Fig.  120. — Schema  to  show  the  course  of  the  taste  fibers  from  tongue  to  brain. — 
Emtoiff.)  The  dotted  lines  represent  the  course  as  indicated  bv  Cushing's  observations. 
nt  fall  black  lines  indicate  the  paths  by  which  some  authors  have  supposed  that  these 
Ktn  enter  the  brain  in  the  trigeminal  nerve. 

Begarding  the  anterior  two-thirds  of  the  tongue,  the  lingual  region, 
rt  was  found  that  in  some  eases  there  was  at  first  a  loss  of  acuity  of 
tiste  or  even  an  entire  disappearance  of  the  sense,  but  subsequently 
it  returned.  It  would  seem,  therefore,  that  the  loss  of  taste  de- 
ierilbed  after  removal  of  the  Gasserian  ganglion  is  an  incidental 
iwult  the  cause  of  which  is  not  entirely  clear.  Gushing  attributes 
i  to  a  postoperative  degeneration  and  swelling  in  the  fibers  of  the 
iogual  nerve,  which  affect  the  conductivity  of  the  intermingled 
ibcrs  of  the  chorda  tympani.     Since,  however,  there  is  no  perma- 

♦  Gushing,  '*  Bulletin  of  the  Johns  Hopkins  Hospital,"  14,  71, 1903.     Gives 
m>  the  surgical  literature. 
19 
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nent  loss  of  taste  in  this  region,  it  follows  that  the  taste  fil 
do  not  pass  through  the  Gasserian  ganglion.     We  may  iissui 
therefore,  that  they  originate  direetly  in  the  nerve  cells  of 
geniculate  ganglion  and  enter  the  lirain  with  the  fibers  of  thi 
intermediate  nerve  (n.  intermedium!  Wrishergii),  m 

The  End-organ  of  the  Taste  Fibers.— In  the  cireumvatlii 
papillre,  in  some  of  the  fungiform  papllkr'.  and  in  certain  portioa| 
of  the  fauces,  palate,  epiglottis,  or  even  the  voeal  rords  there  iJ 
found  the  organs  known  as  taste  buds  whirh  are  believed  to  m 
as  peripheral  organs  of  taste.  These  curious  etructures  are  repre 
sented  in  Fig.  121,  They  arc  oval  bodies  with  an  external  lag 
of  tegmental  or  cortical  cells,  and  they  contain  in  the  mterioi| 

number  of   elongated  cd 
each  of  %vhich  ends  in  a 
like  process  w^hich  proji 
through    the    central 
pore  of  the  organ. 
latter  cells  may  be 
ered  as  the  true  sense 
the    hair- like    procees 
stitutes  probably 
that  is  stimulated 
by  sapid  substances. 
impulse    thus     aroused 
communicated  through 
body   of    the   cell    to 
endings  of  the  taste  fil 
which     terminate 
these     cells     by     tennij 
arborizations   of    the 
general  type  as  in  the 
of    the   hair    oeUB   in 
cochlea. 
Classification  of   Taste   Sensations.— (IHir  taste  sensatic 
are  very  numerous,  but  it  has  been  showTi  that  there  are  fi 
primary-  or  fundamental  sensations, — namely,  sweet,  bitter, 
and  salty,  and  that  all  other  tastes  are  combinations  of  th 
primary*  sensations,  or  combinations  of  one  or  more  of  them 
sensations  of  odor  or  with  sensations  derived  from  stimi 
the  so-called  nerves  of  common  sensibility  in  the  tongue. 
the  taste  of  pepper  may  be  resolved  into  a  slight  odor  sei 
and  a  sensation  due  to  stimulation  of  tiic  fil3ers  of  general 
bility, — that  is,  it  gives  no  taste  sensation  proper.     The 
alum  may  be  considered  as  a  combination  of  a  salty  taste 
common  aensibility.    Combinations  of  sweet  and  acid  tastes,  swed 
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Fig.  121. — SectioD  throuch  one  of  the  taat© 
napilla  folimtd  6i  tKe  rat>l 
Qtmin^  nftvT  Kfmvier),  higiily  maimiiBe^tl :  p,  Gus- 
tatory ixire:  #,  s^nataiory  cell;  r,  >mdt«ntaculiir 
ctll;  m*  leueocyt*  oont&minK  KrniiuieKs;  e,  super- 
ficial epttheiLal  celU;   n,  uervc  6bera. 
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and  bitter  tastes,  etc.,  form  a  part  of  our  daily  experience,  and 
in  the  fused  or  compound  sensation  that  results  from  such  com- 
binations one  may  usually  recognize  without  difficulty  the  con- 
stituent parts.  •  The  seemingly  great  variety  of  our  taste  sensations 
is  largely  due  to  the  fact  that  we  confuse  them  or  combine  them 
iritb  simultaneous  odor  sensations.  Thus,  the  flavors  in  fruits  and 
lie  bouquet  of  wines  are  due  to  odor  sensations  which  we  designate 
infinarily  as  tastes,  since  they  are  experienced  at  the  time  these 
ibjects  are  ingested.  If  care  is  taken  to  shut  off  the  nasal  cavities 
luring  the  act  of  ingestion  even  imperfectly,  as  by  holding  the 
wee,  the  so-called  taste  disappears  in  large  measure.  Very  dis- 
gieeable  tastes  are  usually,  as  a  matter  of  fact,  due  to  unpleasant 
dor  sensations.  On  the  other  hand,  some  volatile  substances 
4ich  enter  the  mouth  through  the  nostrils  and  stimulate  the 
Mte  organs  are  interpreted  by  us  as  odors.  The  odor  of  chloro- 
mn,  for  instance,  is  largely  due  to  stimulation  of  the  sweet  taste 
1  the  tongue. 

Distribution  and  Specific  Energy  of  the  Fundamental 
tste  Sensations. — ^Regarding  the  distribution  of  the  funda- 
lental  taste  sensations  over  the  tongue  and  palate  there  seem 
>  be  many  individual  differences.  In  general,  however,  it  may 
e  said  that  the  bitter  taste  is  more  developed  at  the  back  of 
le  tongue  and  the  adjacent  or  posterior  regions;  at  the  tip  of 
le  tongue  the  bitter  sense  is  less  marked  or  in  cases  may  be  absent 
ItQgether.  On  the  contrary,  in  this  latter  region  the  sweet  taste 
well  developed.  On  this  account  it  may  happen  that  substances 
liich  when  first  taken  into  the  mouth  give  a  not  unpleasant  sweet 
iflte  subsequently  when  swallowed  cause  disagreeably  bitter  sen- 
itioDS,  like  the  little  book  of  the  evangelist,  which  in  the  mouth 
«8  "sweet  as  honey,  and  as  soon  as  I  had  eaten  it.  my  belly  was 
rtter."  Oehrwall  *  has  made  an  interesting  series  of  experiments 
I  which  he  stimulated  separately  a  nimiber  of  fungiform  papillae 
tt  the  surface  of  the  tongue.  Each  papilla  was  stimulated  sepa- 
itdy  for  its  fundamental  taste  senses  of  sweet,  bitter,  and  acid, 
Y  using  drops  of  solutions  of  sugar,  quinin,  and  tartaric  acid.  Of 
le  125  papillae  thus  examined,  27  gave  no  reaction  at  all,  although 
awitive  to  pressure  and  temperature.  In  the  98  papillae  that 
iacted  to  the  sapid  stimulation  it  was  found  that  60  gave  taste 
naations  of  all  three  qualities,  4  gave  only  sweet  and  bitter,  7  only 
iter  and  acid,  12  only  sweet  and  acid,  12  only  acid,  and  3  only 
reet  None  was  found  to  give  only  a  bitter  sensation.  These 
etB  bear  directly  upon  the  question  of  the  specific  enei^y  of  the 
5te  fibers.  It  is  possible  that  the  four  fundamental  taste  qualities 
ly  be  mediated  by  four  different  end-organs  and  four  separate 
♦OfehrwaD,  "Skandinavisches  Archiv  f.  Physiologic,"  2,  1,  1890. 
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sets  of  nen^e  fibers,  each  gi^'ing,  when  stimulated,  only  its  i 
quality  of  sensation.     On  the  other  hand,  it  is  }X)58ibJe  that  onei 
the  same  nerve  fiber  might  give  different  qualities  of  sensad^ 
according  to  the  nature  and  mode  of  action  of  the  sapid  sut 
The  fact  J  as  shown  by  Oehnvall'i>  ex|jeriments,  that  there  are  sen 
spots  upon  the  tongue  wliieh  wiE  not  react  to  some  kinds  of  sap 
substance,  but  do  react  to  others,  and  j^erhaps  onJy  to  one  particulmr 
kind,  speaks  strongly  in  favor  of  the  view  that  there  are  diffen 
end-oi*gans  and  nerve  fibers  for  eaeh  fundamental  taste.    This  vkj 
is  still  further  supjwrted  by  the  fact  tlmt  certain  chemically  pure  a 
stance;  give  different  tastes  according  to  the  part  of  the  ton 
upon  which  the}'  arc  placed.     Thus,  sodinm  sulphate  (Guyot)  i 
taste  salty  uix)n  the  tip  of  the  tongue  and  bitter  when  placed  up 
the  posterior  part.    A  lietter  iastance  still  is  given  by  solutions'! 
a  bromin  substitution  product  of   saccharin ,  the    chemical 

for    which    is    parabrom-benzoic    sulphinid:   C^,HjBrv^^^f 

When  this  substance  is  placed  ujx^n  the  tip  of  the  tongue  it  gi^t 
sweet  sensation,  wliile  upon  the  posterior  region  it  gives  only  a  hitl 
taste  together  with  a  sensation  of  astringency  (Howell  and  KastI 
Extracts  of  the  leaves  of  a  tmpieal  plant,  Gynmema  silrestrc,  app 
to  the  tongue,  destroy  the  sense  of  taste  for  sweet  and  bitter  i 
stances  (Shore),  antl  this  fact  may  be  explained  most  satiKfacto 
by  assuming  that  this  8ub.stance  exercises  a  selective  action  up 
taste  terminals  in  the  tongue,   piiralyzing    those    for    the   bit! 
antl  the  sweet  substances.      Finally,  the  fact  that  electriral.  l 
chanical,  or  chemical  stimulation  of  the  chorda  tympani,  where  i 
passes  through  the  tympanic  cavit\%  may  arouse  taste  sensation 
l*roof  that  the  taste  .sensation  in  general  is  not  due  to  a  peculiar  I 
of  impulse  that  can  be  aroused  only  by  the  action  of  sapid  1 
uix>n  the  tennuials  in  the  tongue,  but,  on  the  contnir}%  that  it  is| 
spe^cific  energy  of  these  fibers,  and  depends  for  its  quality,  thei 
fore,  upon  the  specific  reaction  of  the  tenninations  in  the  brain.  1 

Method  of  Sapid  Stlniulatioii. — In  order  that  sapid  substn 
ma>'  react  u|M>n  the  taste  terminals  it  is  necessar>%  in  the  first  ] 
that  they  shall  l>e  in  solution.     It  is  impossible  to  taste  with  a  ( 
tongue.    We  may  assume,  therefore,  that  the  stimulation  coil^ 
essentially  in  a  eheniical  nmction  between  the  sapid  substance  i 
the  temiinal  of  the  taste  fil)erj"for  instance,  the  hair  pfoce8i| 
the  sense  cells  in  the  taste  buds, — ^and  the  question  naturally  J 
whether  the  distinctive  reactions  corresponding  to  the 
taste  qualities  can  be  referred  to  a  definite  chemical  structure  inl 
sapid  bodies.    Are  there  certain  chemical  groups  which  fxisf^essl 
property  of  reacting  specifically  with  the  end-orTe;ans?     Exper 
shows  that  substances  of  verv  (Ufferent  chemical  eonstitutioxi  i 
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ezdte  the  same  taste.  Thus,  sugar,  saccharin,  and  sugar  of  lead 
(lead  acetate)  aU  give  a  sweet  taste,  while,  on  the  other  hand, 
starch  (soluble  starch),  which  stands  so  close  in  structure  to  the 
9QgM8,  has  no  effect  upon  the  taste  terminals.  It  is  interesting 
to  remember  that  the  taste  nerves  may  be  stimulated  by  sapid  sub- 
stances dissolved  in  the  blood  as  well  as  when  applied  to  the  ex- 
terior of  the  tongue.  A  sweet  taste  may  be  experienced  in  diabetes 
from  the  sugar  in  the  blood,  or  a  bitter  taste  in  jaundice  from  the 
hOe. 

The  Threshold  Stimulus. — ^The  determination  of  the  threshold 
stimulus  for  different  sapid  substances  is  made  by  ascertaining  the 
minimal  concentration  of  the  solution  which  is  capable  of  arousing 
a  taste  sensation.  The  delicacy  of  the  sense  of  taste  is  influenced, 
however,  by  certain  accessory  conditions  which  must  be  taken  into 
account.  Thus,  the  temperature  of  the  solution  is  an  important 
condition.  Very  cold  or  very  hot  solutions  do  not  react, — ^that  is, 
the  extremes  of  temperature  seem  to  diminish  or  destroy  the  sensi- 
tiveness of  the  end-organ.  A  temperature  between  10®  and  30®  C. 
p?e8  the  optimum  reaction.  So  also  the  delicacy  of  the  sense  of 
taste  is  increased  by  rubbing  the  sapid  solution  against  the  tongue. 
Doubtless  this  mechanical  action  facilitates  the  penetration  of  the 
mpd  body  into  the  mucous  membrane,  but  it  seems  also  to  in- 
oease  the  irritabiUty  of  the  end-organ.  It  is  our  habit  in  tasting 
bodies  with  the  tongue  to  rub  this  organ  against  the  hard  palate. 
With  regard  to  the  threshold  stimulus  such  results  as  the  following 
iie  reported: 

8ihy  (sodium  chlorid).  0.25    gm.  in    100  c.c.  HaO — detectible    on    tip    of 

tongue. 
Bwect  (sugar) 0.50  "  "       '*       "       detectible    on    tip    of 

tongue. 
Add(HCn) 0.007         "  "       "       "       detectible  on  border  of 

tongue, 
ratter  (quinin) 0.00005     '*  "       "       "       detectible   on  root  of 

tongue. 

He  very  great  sensitiveness  of  the  tongue  to  bitter  substances  is 
evident  from  this  table. 

The  Olfactory  Organ. — The  end-organ  for  the  olfactory  sense 
lies  in  the  upper  part  of  the  nose,  and  consists  of  elongated,  epithe- 
lial-like cells,  each  of  which  bears  on  its  free  end  a  tuft  of  si?c  to 
aght  hair-like  processes,  while  at  its  basal  end  it  is  continued  into 
inerve  fiber  that  passes  through  the  cribriform  plate  of  the  ethmoid 
one  and  ends  in  the  olfactory  bulb.  These  olfactory  sense  cells 
e  among  supporting  epithelial  cells  of  a  columnar  shape  (Fig. 
22),  At  the  free  edge  of  the  cells  there  is  a  limiting  membrane 
innigh  which  the  olfactory  hairs  project.     The  olfactory  sense 
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cells  are  essentially  nerve  cells,  and  in  this  respect  resen 
sense  cells  in  the  retina,  the  rods  and  cones,  rather  than  tlioc 
ear  or  of  the  orgaiis  of  taste.  The  distribution  of  the  o 
cells,  according  to  v.  Brunn,  is  confined  to  the  nasal  septui 
portion  of  the  upper  turbinate  bone.  The  area  covered  in  e 
tril  corresponds  to  about  250  s<iiiare  millimeters.  The  epi 
of  the  lower  and  middle  turbinates  and  the  floor  of  the  ii< 
composed  of  tiie  usual  ciliated  cells  found  in  the  respirator}"  p 
wMle  the  so-called  vestibular  region  of  the  nose,  the  part  r 

by  the  cartilage,  is 
fh       jM  ^y  ^   stratified     pi 

epithelium  coirespo] 
structure  with  that 
skin.  These  latter 
of  the  nose  are  i 
with  sensor}^  fibers 
from  the  fifth  or  tri 
nerve.  We  must 
the  500  sq.  mm.  c 
torv'  epithelium  i 
olfaetor\'  sense  orgj 
parable  physiologicj 
perhaps  anatoraicall 
rod  and  cone  layei 
retina.  The  comiec 
these  cells  with  the 
nervous  system  h 
ready  been  descril 
213).  It  vnW  be 
bered  that  the  fin 
medulla  ted  fibers  s; 
from  the  basal  end 
sense  cells  enter  tt 
torv^  bolb  and  end 
minal  arborizations  in  the  olfactorv'  glomeridi,  where  they  m 
nections  by  contact  T^^'ith  the  dendrites  of  the  mitral  cell 
bulb.  Through  the  axons  of  these  mitral  cells  the  impulses 
ducted  along  the  olfactor>^  tract  to  their  various  terminatio 
olfactory  lobe  itself,  either  of  the  same  or  of  the  opposite  s 
eventually  also  in  the  cortical  region^  the  uncinate  g^TUE 
hippocampal  lobe.  As  regards  the  olfactory'  sense  cells,  tl 
cells  in  the  olfactory  bulb  might  be  compared  with  the  ne 
glion  layer  of  the  retina,  and  the  ner\^e  fibers  of  the  olfact< 
with  the  fibers  of  the  optic  nerve. 

The    Mechanism    of    Smelling. — Odoriferous    substa 


FiiSE.  122. — Cells  of  »h©  olfnctory  regioTi  fnft^r 
1?.  Brunn):  n*  «„  Olfacittiry  cells;  a^  b,  epitheluiL 
cellsi  n,  n,  central  proeesss  prdlunged  ad  an  olfnc- 
tory  n«ry«  fibril ;  i,  I,  nudcua;  c,  knob-like  dear 
temalnmtion  of  poripbeml  process;  /t.  A,  bunch  of 
olfactory  hj^irs. 
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affeet  the  olfactory  cells  must,  of  course,  penetrate  into  the  upper 
part  of  the  nasal  chamber.  This  end  is  attained  during  inspiration, 
eithff  by  simple  diffusion  or  by  currents  produced  by  the  act  of 
aoiffing.  It  may  also  happen  by  way  of  the  posterior  nares.  In 
&ct,the  flavors  of  many  foods,  fruits,  wine,  etc.,  are  olfactory  rather 
ftan  gustatory  sensations.  When  such  food  is  swallowed  the  poste- 
nor  nares  are  shut  off  from  the  phar3nix  by  the  soft  palate,  but  in 
ihe  expiration  succeeding  the  swallow  the  odor  of  the  food  is  con* 
wyed  to  the  olfactory  end-organ.  Flavors  are  perceived,  therefore, 
wt  during  the  act  of  swallowing,  but  subsequently,  and  if  the  nostrils 
lie  Uocked,  as  in  coryza,  foods  lose  much  of  their  flavor.  Simply 
lolding  the  nose  will  destroy  much  of  the  so-called  taste  of  fruits 
Br  the  bouquet  of  wines.* 

latttre  of  the  Olfactory  Stimulus. — The  fact  that  smells  are 
nnsmitted  through  space  like  light  and  sound  has  suggested  the 
lOBBibility  that  they  may  depend  upon  a  vibrator}'-  movement  of 
(Hue  medium.  This  view,  although  occasionally  defended  in 
Dodem  times,  is  apparently  entirely  incompatible  with  the  facts. 
Die  usual  view  is  that  odoriferous  bodies  emit  particles  which,  as 
i  rule  at  least,  are  in  gaseous  form.  These  particles  are  con- 
peyed  to  the  olfactory  epithelium  by  currents  in  the  air  or  by 
imple  gaseous  diffusion,  and  after  solution  in  the  moisture  of 
ihe  membrane  act  chemically  upon  the  sensitive  hairs  of  the  sense 
dh.  All  vapors  or  gases  are,  however,  not  capable  of  acting  as 
timuli  to  these  cells;  so  that  evidently  the  odoriferous  character 
lepends  upon  some  peculiarity  of  structure.  It  is  assumed  that 
tee  are  certain  groups,  "odoriphore  groups,"  which  are-character- 
itic  of  all  odoriferous  substances  and  by  virtue  of  which  these 
iobetances  react  with  the  special  form  of  protoplasm  found  in 
he  hair  cells.  Haycraftf  has  formulated  certain  fundamental 
moeptions  bearing  upon  the  relation  between  chemical  structure 
Bd  odoriferous  stimulation.  He  has  shown  that  the  power  to 
awae  smell,  Uke  other  physical  properties,  is  a  periodic  function  of 
he  atomic  weight — ^that  in  the  periodic  system,  according  to  Men- 
Idejeff,  the  elements  in  certain  groups  are  characterized  by  their 
doriferous  properties;  for  instance,  the  second,  fourth,  and  sixth 
lembers — sulphur,  selenium,  and  tellurium — of  the  sixth  group. 
breover,  in  organic  compounds  belonging  to  an  homologous  series 
lie  smell  gradually  changes  and,  indeed,  increases  in  the  higher 
lembers  of  the  series, — ^that  is,  in  those  having  a  more  complex 
olecular  structure. 

The  Qualities  of  the  Olfactory  Sensations. — ^While  we  dis- 

♦For  many  interesting  facts  concerning  smelling  and  the  literature  to 
95  see  Zwaardemaker,  ''Die  Ph3rsiologie  des  Geruchs/'  Leipzig,  1895. 
tHaycraft,  "Brain,"  1888,  p.  166. 
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tinguish  a  great  many  diiTerent  kinds  of  odors,  it  has  been  U 
difficult,  indeed  impossible^  to  classify  them  very  satisfa^ 
into  groups.  That  is,  it  is  not  possible  to  pick  out  what 
called  the  fundamental  odor  sensations.  This  sense  was 
used  by  primitive  man  chiefly  in  detecting  and  testing  food,  in  proUi 
ing  hiniself  from  noxious  surroundings,  and  perhaps  also  in  cont 
ing  his  social  relations.  The  olfactory  sensations,  in  accordance  w 
this  use,  and  with  the  fact,  revealed  by  comparative  anat-oi 
that  thi!?  sense  is  the  oldest  phylogenetically,  give  either  pleiisi 
or  unpleasant  sensations  in  a  more  marked  and  universal  way  til 
in  the  case  of  vii««ion  or  hearing,  approaching,  in  this  respect,  rati 
the  purely  sensual  characteristics  of  the  lower  senses,  the  boi 
appetites.  Mankind  lias  been  content  to  classify  odors  as  agp 
able  aiKl  tlisagreeable,  and  to  designate  the  many  diiTerent  q 
ties  of  odors  by  the  names  of  the  substances  which  in  his  individi 
experience  usually  give  rise  to  them,  A  number  of  observers  hi 
proposed  classifications  more  or  less  complete  in  ciiaraeter 
of  the  latest,  antl  jierliaps  the  t*est,  is  that  suggested  Viy  ZwaaA 
maker  on  the  i>asis  of  the  nomenclatures  intixxluced  by  pre\'i<l 
observe ers.  Adopting  first  the  general  grouping  into  pure  odoi 
o^lors  mixed  with  sensatif ms  of  common  sensil>ility  from  the  nmr 
membrane  of  the  nose,  and  Oilors  mixed  or  confusc^d  with  tastes, 
separates  the  pure  odors  or  odors  proper  into  nine  classes,  as  foU^ 


r  Ok)r<?-  iptherei  or  ctheroal  odors,  sueti  a^  ar*-  )E;xveii  by  the  fruiu, 
depend  iifxin  the  pn^sence  of  ethereal  HtibKtances  or  ester*. 
II.  Odores  aromatici  or  aromatic  odors,  which  are  typified  bv 
and  citrfm,  bitter  almond  and  the  resinous  bodies.     Tkm 
divided  into  five  subgroirps. 
m.  Odores!  fragrantes,  the  fragrant  or  balsamic  odors,  comprbmg  the 

ous  flower  odors  or  perfumes.     The  class  falls  into  three 
IV.  Odores  ambrosiaci,  the  ambrosial  odors,  typt/ied  by  amber 
This  odor  is  present  in  the  flesh,  blood,  or  excrement  of 
mals,  bein^  referable  m  the  last  instance  to  the  bile, 
V-  Odores  alliacei  or  i^arlic  odors,  such  as  are  found  in  the  onion,  _ 
sulphur,  selenium  and  tdluriuni  eorapounda.     They  fall  Into  thi 
subgroups. 
Yl.  Odores  emp\TPumatici  or  the  l>uming  odors,  the  odors  given  by 
coffee,  leaked  bread,  tobacco  smoke,  etc.    The  odors  of  bensoi, 
and  the  products  of  dr>'  distillation  of  wood  come  into  this 
VIL  Odorea  hircini  or  jjoat  odors.     The  odor  of  this  animal  arises  from 
caproie  and  capr\'lic   acid  ciintained  in  the  sweat;  ch< 
fi|MTrnMlic  and  va^jinal  secretions  ^ive  odors  of  a  similar  qi 
VIIL  C^dores  letri  or  repulsive  odors,  such  as  are  given  by  many 
cotic  plants  and  acanthus. 
IX.  Odorea  nauseof»i  or  nau.seatingor  fetid  odors,  such  as  are  given  by 
and  certjiin  plants  and  the  products  of  putrefaction. 

While  the  ela^sifieation  ser\^es  to  emphasize  a  mimber  of  i 
resemblances  or  n^latioiii?  that  exist  among  the  odoi^,  it  does] 
rest  wholly  nyum  a  sidgeeiive  kinship, — that  is,  the  different  i 
broiight  together  in  one  class  do  not  in  all  cases  arouse  in  tis  \ 
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tioos  that  seem  to  be  of  related  quality.  It  is  not  impossible,  how* 
ever,  that  further  analysis  may  succeed  in  showing  that  there  are 
certain  fundamental  qualities  in  our  numerous  odor  sensations. 
Our  position  r^arding  the  odors  is  similar  to  that  which  formerly 
prevailed  in  the  case  of  the  taste  sensations.  It  was  thought  to  be 
impossible  to  classify  these  latter  satisfactorily  on  the  basis  of  a  few 
fundamental  sensations,  but  it  is  now  universally  accepted  that  all 
of  our  tme  gustatory  sensations  show  one  or  more  of  four  primary 
taste  qualities.  As  was  said  above,  our  odor  sensations  are  classi- 
fied m  ordinary  life  as  agreeable  or  disagreeable,  and,  indeed, 
Haller,  the  great  physiologist  of  the  eighteenth  century,  divided 
odors  along  this  line  into  three  classes:  (1)  the  agreeable  or  am- 
brosial, (2)  the  disagreeable  or  fetid,  and  (3)  the  mixed  odors.  In 
many  cases,  no  doubt,  the  agreeableness  or  disagreeableness  of  an 
odor  depends  solely  upon  the  associations  connected  with  it.  If 
the  associative  memories  aroused  are  unpleasant  the  odor  is  dis- 
agreeable. Thus,  the  odor  of  musk,  so  pleasant  to  most  persons, 
produces  most  disagreeable  sensations  in  others,  on  account  of  past 
associations.  It  is  possible,  however,  that  there  is  some  funda- 
mental difference  in  physiological  reaction  between  such  odors  as 
those  of  putrefaction  and  of  a  violet  which  may  be  considered  as  the 
cause  of  the  difference  in  psychical  effect.  It  has  been  suggested,  for 
instance,  that  they  may  aiflFect  the  circulation  in  the  brain  in  opposite 
iwiys,  one  producing  an  increased,  the  other  a  decreased  flow. 
This  improbable  supposition  has  been  shown  to  be  devoid  of  foun- 
dation by  the  observations  of  Shiel  ds.  *  In  his  experiments  the  vascu- 
lar supply  to  the  skin  of  the  arm  was  determined  by  plethysmo- 
paphic  methods,  and  it  was  found  that  both  pleasant  (heliotrope 
perfume)  and  unpleasant  (putrefactive)  odors  give  a  similar  vascu- 
lar reaction.  Each  class,  if  it  acts  at  all,  causes,  as  a  rule,  a  con- 
striction of  the  skin  vessels,  such  as  is  obtained  normally  from  in- 
creased mental  activity, — a  reaction  usually  interpreted  to  mean  a 
greater  flow  of  blood  to  the  brain. 

Fatigue  of  the  Olfactory  Apparatus. — It  is  a  matter  of 
common  observation  that  many  odors,  such  as  the  perfumes  of 
flowers,  quickly  cease  to  give  a  noticeable  sensation  when  the  stimu- 
lation is  continued.  This  result  is  usually  attributed  to  fatigue 
rf  the  sense  cells  in  the  end-organ  and  it  is  noticeable  chiefly  w4th 
aint  odors.  One  who  sits  in  an  ill- ventilated  room  occupied  by 
nany  persons  may  be  quite  unconscious  of  the  unpleasant  odor 
rom  the  \'itiated  air,  while  to  a  newcomer  it  is  most  distinct. 

Threshold  Stimulus — Delicacy  of  the  Olfactory  Sense. — 
he  extraordinarj'  delicacy  of  the  sense  of  smell  in  some  of  the  lower 
limals  is  seemingly  beyond  the  power  of  objective  measurement  or 
♦Shields,  ''Journal  of  Experimental  Medicine,"  1,  1896. 
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expression.  The  abUity  of  a  dog,  for  instance,  to  follow  1 
a  given  person  depends  undoubtedly  upon  the  recognition 
individual  odor,  and  the  actual  amount  of  olfactor\'  mater 
upon  the  ground  wlueh  serves  as  the  stimulus  must  be  inf 
mally  small.  Even  in  ourselves  the  actual  amount  of  oil 
material  which  suffices  to  give  a  distinct  sensation  is  often  1 
our  means  of  determination  except  by  t!ie  aid  of  calculatic 
is  recognized  in  chemical  work,  for  instance,  that  traces  of 
substances  too  small  to  give  the  ordinary  chemical  reactions  i 
detected  easily  by  the  sense  of  smell.     By  taking  known  ai 


Fi«,  123*~ZwaiiTd«!iiftker^a  olfactometer. 


of  odoriferous  substances  and  diluting  them  to  known  exien 
possible  to  express  in  weights  the  minimal  amount  of  each  sut 
that  can  cause  a  sensation.  By  this  method  such  figures 
following  are  obtained:  Camphor  is  perceived  in  a  dilution  of 
to 400,000;  musk,  1  i>art to 8,000,000;  vanillin,  1  {mrt  to  10,0( 
while,  according  to  the  experimentK  of  Fischer  and  Pe 
mercaptan  may  be  detected  in  a  dilution  of  yg- -jnsV  ¥Fir  ^^  ^ 
gram  in  1  liter  of  air  or  nnriyhr¥^^  ^^  ^  milligram  in  50  c.c, 
Various  methods  ha%^e  been  proposed  to  determine  the  i 
delicacy  of  the  olfactor>^  sense  in  different  persoiLS.and  these  n 
have  some  application  in  the  clinical  diagnosis  of  certain 
Zwaarderaaker  has  devised  a  simple  apparatus,  the  olfact* 
the  principle  of  which  is  illustrated  in  Fig,  123.  It  consist 
outside  cylinder— the  olfactor>^  cylinder,  whose  inner  surfa< 
porous  material  which  can  be  filled  with  a  known  strength  c 
tory  solution — and  an  inside  tube,  smelling  tube.  This  I 
applied  to  the  nose  and  where  it  runs  inside  the  cylinder  it  u 
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ated  in  centimeters.  It  is  evident  that  the  further  out  the  inner 
tube  is  pulled  the  greater  will  be  the  amount  of  olfactory  substance 
which  will  be  exposed  to  the  incoming  air  of  an  inspiration. 

Conflict  of  Olfactory  Sensations. — ^When  different  odors  are 
inhaled  simultaneously  through  the  two  nostrils  they  may  give  rise 
to  the  phenomenon  of  a  conflict  of  the  olfactory  fields  similar  to  that 
described  for  the  visual  fields.  That  is,  we  perceive  first  one  then 
the  other  without  obtaining  a  fused  or  compound  sensation.  The 
result  depends  largely  on  the  odors  selected.  In  some  cases  one 
odor  may  predominate  in  consciousness  to  the  entire  suppression 
of  the  other, — ^a  phenomenon  which  also  has  an  analogy  in  binocular 
sensations.  It  is  well  known,  also,  that  certain  odors  antagonize  or 
neutralize  others.  It  is  said,  for  instance,  that  the  odor  of  iodoform, 
usually  so  persistent  and  so  disagreeable,  may  be  neutralized  by  the 
addition  of  Peru  balsam,  and  that  the  odor  of  carbolic  acid  may 
destroy  that  of  putrefactive  processes.  Whether  the  neutralization 
is  of  a  chemical  nature  or  is  physiological  does  not  seem  to  have 
been  definitely  ascertained. 

Olfactory  Associations. — Personal  experience  shows  clearly 
that  olfactory  sensations  arouse  numerous  associations — our 
olfactory  memories  are  good.  On  the  anatomical  side  the  cortical 
center  in  the  hippocampal  lobe  is  known  to  be  widely  connected 
^th  other  parts  of  the  cerebrum,  and  we  have  in  this  fact  a  basis  for 
the  extensive  associations  connected  with  odors.  In  animals  like 
the  dog,  with  highly  developed  olfactorj*^  organs,  it  is  evident  that 
4is  sense  must  play  a  correspondingly  laige  part  in  the  psychical 
fife.  In  such  animals  as  well  as  among  the  invertebrates  it  is  in- 
timately connected  with  the  sexual  reflexes,  and  some  remnant  of 
this  relationship  is  obvious  among  human  beings.  Among  the  so- 
*IIed  special  senses  that  of  smell  is  perhaps  the  one  most  closely 
Wmected  with  the  bodily  appetites,  and  overgratification  or  over- 
odulgence  of  this  sense,  according  to  historical  evidence,  has  at  least 
cen  associated  \^ath  periods  of  marked  decadence  of  virtue  among 
irilized  nations. 


PHYSIOLOGY  OF  THE  EYE. 

The  eye  is  the  peripheral  organ  of  \dsion.     By  means  of 
peculiar  physical  strueture  rays  of  light  from  external  objects 
focusetl  upon  the  retina  and  there  set  up  nerve  impulses  that 
transmitted  by  the  fibers  of  the  optic  nerve  and  optic  tract  to  i 
visual  center  in  the  cortex  of  the  brain.     In  this  last  orpan 
aroused  that  reaction  in  consciousness  which  we  designate  fd 
visual  sensation.     In  studyintr  the  physinlog\'  of  vision  we  m 
consider  the  eye^  first,  as  an  optical  instrument  physically  aiiapl 
to  form  an  image  on  the  retina  and  provided  with  certain  phj 
olop:icaI  mechanisms  for  its  re^dation:  secondly,  we  may  stu? 
the  properties  of  the  retina  in  relation  to  its  reactions  to  Ugh 
and   lastly,  the  visual  sensations  themselves,  or  the  physioI 
of  the  visual  center  in  the  brain. 


CHAPTER  XVII. 


IHE  EYE  AS  AN  OPTICAL  INSTRUHENT^DIOPTRH 
OF  THE  EYE. 

Formation  of  an  Image  by  a  Biconvex  Lens. — That  the 
fractive  surfaces  of  the  eye  form  an  image  of  external  objects  u 
the  retinal  surface  is  a  necessary  conclusion  from  its  physical  st* 
ture.  The  fact  may  be  ilemonstrated  directly,  however,  by 
sen-ation  iipcjn  the  excised  e>'e  of  an  albino  rabbit.  The  thin  ( 
of  8uch  an  eye  are  semi  transparent,  and  if  the  eye  is  placed  in  a  tl 
of  blackened  paper  and  held  in  front  of  one* s  ow*n  eyes  it  can  be 
readily  that  a  small,  inverted  image  of  external  objects  isfoi 
upon  the  retinal  surface,  just  as  an  inverted  image  of  the  exterki 
formed  uix>n  the  ground  glass  plate  of  a  photographic  camexa. 
image  is  formed  in  the  eye  by  virtue  of  the  refractive  surfaces  of 
cornea  and  the  lens.  The  cur^'ed  surfaces  of  these  transparent  boi 
act  substantially  like  a  convex  glass  lens,  and  the  physics  of 
formation  of  an  imaire  l>y  such  a  lens  may  Ije  used  to  explain 
refractive  processes  in  the  eye.  To  undemtand  the  formal 
of  an  image  by  a  biconvex  lens  the  following  physical  facts  miiS 
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!  in  mind.  Parallel  rays  of  light  falling  upon  one  surface  of  the 
ire  brought  to  a  point  or  focus  (F)  behind  the  other  surface 
124).  This  focus  for  parallel  rays  is  the  principal  focus  and 
istance  of  this  point  from  the  lens  is  the  principal  focal  dis- 
This  distance  depends  upon  the  curvature  of  the  lens  and 
fractive  power,  as  measured  by  the  refractive  index  of  the 
ial  of  which  it  is  composed.  Parallel  rays  are  given  theo- 
lly  by  a  source  of  light  at  an  infinite  distance  in  front  of  the 
but  practically  objects  not  nearer  than  about  twenty  feet 
rays  so  little  divergent  that  they  may  be  considered  as  par- 


if.  134.— Diasrama  to  illustrate  the  refraction  of  light  by  a  convex  lens  :  a.,  Refrac- 
Ptnllel  rays ;  6.,  refraction  of  divergent  rays  ;  c,  refraction  of  divergent  rays  from 
Mnu  point  nearer  than  the  principal  focal  distance. 

On  the  other  hand,  if  a  luminous  object  is  placed  at  F  the 
from  it  that  strike  upon  the  lens  will  emerge  from  the  other 
«  as  parallel  rays  of  light.  If  a  luminous  point  (/,  Fig.  124) 
ced  in  front  of  such  a  lens  at  a  distance  greater  than  the 
pal  focal  distance,  but  not  so  far  as  to  give  practically 
el  rays,  the  cone  of  diverging  rays  from  it  that  impinges 
the  surface  of  the  lens  will  be  brought  to  a  focus  (/')  further 
than  the  principal  focus.  Conversely  the  rays  from  a 
)us  point  at  f  will  be  brought  to  a  focus  at  /.  These  points, 
/',  are  therefore  spoken  of  as  conjugate  foci.     All  luminous 
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points  within  the  limits  specified  will  have  their  correspon< 
conjugate  foci,  at  which  their  images  will  be  formed  by  the  I 
Lastly,  if  a  luminous  point  is  placed  at  r,  Fig.  124,  nearer  lo 
lens  than  the  principal  focal  distance,  the  cone  of  strongl| 
vergent  rays  that  falls  upon  the  lens,  although  refracted,  is| 
divergent  after  lea\4ng  the  lens  on  the  other  side  and  consequi 
is  not  focused  and  forms  no  real  image  of  the  point.  For  eveiy] 
there  is  a  point  known  as  the  optical  center,  and  for  biconvex  li 
this  point  lies  witliin  the  lens,  o.  The  line  joining  this  center 
the  principal  focus  is  the  prhwipal  axis  of  the  lens  (o-F,  Fig.  1 
All  other  straight  lines  passing  through  the  optical  center  are  M 
as  secondary  Qa;es,  Rays  of  light  that  are  coincident  with  any  of  I 
secondary'  axes  suffer  no  angular  deviation  in  passing  throu^ 
lens  J  they  emerge  parallel  to  their  line  of  entrance  and  practi 
unchanged  in  direction.     Moreover,  any  luminous  point  not  oi 


Fig.  125, — DkgramB  to  il]ystrat«  the  formation  of  on  imaiKe  bv  a  biconvex  lew:   t 
■        ' nrfpabi 


mation  of  thci  Image  of  m  point;    ib»  formaitiDii  of  tbe 


of  a- 


principal  axis  m]\  have  its  image  (conjugate  foens)  formed  91 
where  upon  the  secondarv^  axis  dra^\'n  from  this  point  throng 
optical  center.  The  exact  position  of  the  image  of  such  a  | 
can  be  determined  by  the  following  construction  (Fig.  125):  I 
represent  the  hmiinous  point  in  f[uestion.  It  i^^ll  throw  a  cOI 
rays  upon  the  lens,  the  limiting  rays  of  which  may  be  represent^ 
A-b  and  A-c.  One  of  these  rays,  A-p,  will  be  parallel  to  the 
cipal  axis,  and  will  therefore  pass  through  the  principal  fociJ 
If  this  distance  is  dctermincfl  and  is  indicated  properl^^  i] 
const  met  ion,  the  line  A-p  may  l>e  drawn,  as  indicated,  so  | 
pass  through  F  after  leaving  the  lens.  The  point  at  whic| 
prolongation  of  this  line  cuts  the  secondary  axis,  A-o,  mark 
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conjugate  focus  of  A  and  gives  the  position  at  which  all  of  the 
ttys  will  be  focused  to  form  the  image,  a.  In  calculating  the 
poffltion  of  the  image  of  any  object  in  front  of  the  lens  the  same 
method  may  be  followed,  the  construction  being  drawn  to  de- 
termine the  images  for  two  or  more  limiting  points,  as  shown 
in  Fig.  124.  Let  A-B  be  an  arrow  in  front  of  the  lens.  The  image 
of  il  will  be  formed  at  a  on  the  secondary  axis  A-o,  and  the  image  of 
B  at  5  along  the  secondary  axis  B-o.  The  images  of  the  intervening 
prints  will,  of  course,  lie  between  a  and  b;  so  that  the  image  of  the 
entire  object  will  be  that  of  an  inverted  arrow.  This  image  may  be 
caught  on  a  screen  at  the  distance  indicated  by  the  construction  if 
the  latter  is  drawn  to  scale.  The  principal  focus  of  a  convex  lens 
niay  be  determined  experimentally  or  it  may  be  calculated  from  the 
formula  ^  +  ^  =  y,  in  which  /  represents  the  principal  focal  dis- 
tance and  p  and  p*,  the  conjugate  foci  for  an  object  farther  away 
than  the  principal  focal  distance.  That  is,  if  the  distance  of  the 
object  from  the  lens,  p,  is  known,  and  the  distance  of  its  image,  p\ 
is  determined  experimentally,  the  principal  focal  distance  of  the 
lens,  /,  may  be  determined  by  the  formula.  The  principal  focus 
of  a  lens  may  be  calculated  also  from  the  radius  of  curvature, 

R 

according  to  the  formula,  F  =  — ^y,  in  which  F  =  the  principal 

focus,  R  =  the  radius,  and  n  =  the  refractive  index  of  the  material. 
Since  in  glass,  n  =  approximately  1.5,  the  formula  for  this  material 
^'orks  out  F  =  2  R. 

Fonnation  of  an  linage  by  the  Eye. — As  stated  above,  the  re- 
fiactive  surfaces  of  the  eye  act  essentially  like  a  convex  lens.  As  a 
Jnatter  of  fact,  these  refractive  surfaces  are  more  complex  than 
in  the  case  of  the  biconvex  lens.  In  the  latter  the  rays  of  light 
siffer  refraction  at  two  points  only.  Where  they  enter  the  lens 
they  pass  from  a  rarer  to  a  denser  medium  and  where  they  leave  the 
lens  ihey  pass  from  a  denser  to  a  rarer  medium.  At  these  two 
points,  therefore,  they  are  refracted.  In  the  eye  there  is  a  lai^ger 
series  of  refractive  surfaces.  The  light  is  refracted  at  the  anterior 
sorface  of  the  cornea,  where  it  passes  from  the  air  into  the  denser 
iDedium  of  the  cornea;  at  the  anterior  surface  of  the  lens,  where  it 
^gain  enters  a  denser  medium;  and  at  the  posterior  surface  of  the 
fens,  where  it  enters  the  less  dense  vitreous  humor.  The  relative 
ffifpactive  powers  of  these  different  media  have  been  determined 
ukI  are  expressed  in  terms  of  their  refractive  indices,  that  of  air 
wng  taken  as  imity.* 

♦  The  term  index  of  refraction  expresses  the  constant  ratio  between  the 
ogles  of  Lncidenoe  and  of  refraction,  or  specifically  between  the  sine  of  the 

ude  of  inddence  and  the  sine  of  the  angle  of  refraction:  -: »  index  of 

^^  sme  r 

fraction. 
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Index  of  refraction  for  air*  *,..*..,..,....... 

Index  of  refraction  for  cornea  and  aqueous  hu- 
mor. , . . , «=   1 ,33&.'> 

Index  of  refrftctjon  for  cr>'stalline  lens,, «   1.4371 

Index  of  refraction  for  vitreous  bumor =   1.3365 

The  three  points  at  which  the  light  is  refractefl  are  int 
in  the  aecornpanying  schema  (Fig.  126).  The  refractive  si 
of  the  eye  may  be  considered  as  being  composed  of  a  eoncavo* 
lens,  the  cornea  and  aqueous  humor,  and  a  biconvex  lei 
cr>'stalline  Joi^s.  In  a  system  of  thi:^  kind,  composed  of 
refractive  media,  it  has  been  shown  that  to  construct  geomei 

the  piith  of  the  rai 
necessan^  to  kno^ 
jxjints;  these  are  the  i 
dinal  points  or  optic 

-4.— ~  7"  7  -^^ —  \      stants    of   Gauss, — r 

the  anterior  and  th€ 
nor  focal  distance,  \ 
nodal  jK^ints,  and  t 
prineipai    pjint^* 

FIf.  126.— Diagram  to  ill uj^tratp  the  surfaces       aS   the    eVe    IS    COnCCl 
in  tilt  eye  at  which  tbe  rays  uf  Ix^ht  are  chiefly        ■.  i        '        i  ^« 

rafraeted.  lias  been    shown   w 

path  of  the   rays  o 
may  be  represented  with  sufficient  accuracy  by  employing  ^ 
known  as  the  reduced  schematic  eye  of   Listing,   in   whi 
refraction  is  supposed  to  take  place  at  a  single  convex 
separating  two  media,  the  air  on  one  side  and  the  media  of 
on  the  other,  the  latter  Imving  a  refractive  index  of   1.33  (a 
127).    In  this   reduced  eye  the  position  of  the  ideal  ret 
surface  c'  lies  in  the  aqueous  humor,  at  a  distance  of  2.1  mm 
the  anterior  surface  of  the 
cornea,  and  the  position  of 
the  nodal  point  or  optical 
center — that  is.  tlie  center 

of  curvature  of  the   ideal  tm'  ^^ 

refracting  surface,  lies  in 
the  crystalline  lens  at  n,  a 
distance  of  7J3  mms.  from 
the  anterior  surface  of  the  ^     i  >-    r^         *  n    .   .  *i. 

cornea.      The     prmcipal  fo-  or  scbematic  eye  with  a  mittle  rvfrnMin 

,    ,,  r       .1  -  r  aeparating  two  media  of  different  tjrii 

Cal  distance  for  this  retract-  the   ideal    nefmctlnit   surface    idtUAt«d 

c  1-  J.  I-  behitid  the  anterior  surfiice  of   rettl  ct 

ing    SUriace    lies    at    a    tllS-  the  Dodal  pmut.  or  center  of  eurvam 

+  ..«.!«  M^f    on  "^  ♦^T.»v^-      ii'l.i^ln.  iiurfaoe  if,  aod  15,5   mm».    in    front    t 

tance  of    20. i    mm^.,  which  The  eyebiU  hi  mppcmBd  t<i  be  filled  « 

wni  1 1  ([      hp      f*nii  i  VM  [An t      tn  '''"n  suhstance  having  »  refractive  mdi 

T^ouiu     ne     equnaieni     lo       ^^^  ^^  ^^^^  ^^  ^^^  ^iireoufi  humor. 
22,8    mms.    (20.7   +   2.1) 

from  the  actual  surface  of  the  cornea  and  15.5  mms.  (22.8 
from  the  nodal  point.     Tn  the  eye  at  rest  this  principa 
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coincides  with  the  retina,  since  the  refracting  surfaces 
)rmal  resting  eye  are  so  formed  that  parallel  rays  (rays 
iant  objects)  are  brought  to  a  focus  on  the  retina.  To 
formation  of  the  image  of  an  external  object  on  the  retina 
,  therefore,  to  use  a  construction  such  as  is  represented  in 
Secondary  axes  are  drawn  from  the  limiting  points  of  the 
1  and  B — ^through  the  nodal  point.  Where  these  axes 
3tina  the  retinal  image  of  the  object  will  be  formed.  That 
rays  of  light  proceeding  from  A  that  penetrate  the  eye  will 
d  at  a,  and  all  proceeding  from  B  at  b.  The  image  on 
&  will  therefore  be  inverted  and  will  be  smaller  than  the 
The  angle  formed  at  the  nodal  point  by  the  lines  -A-n  and 
lown  as  the  visiud  angle;  it  varies  inversely  with  the  dis- 
the  object  from  the  eye. 

[nversion  of  the  linage  on  the  Retina. — ^Although  the 
f  external  objects  on  the  retina  are  inverted,  we  see  them 
liis  fact  is  easily  imderstood  when  we  remember  that  our 
sual  sensations  take  place  in  the  brain  and  that  the  pro- 
'  these  sensations  to  the  exterior  is  a  secondary  act  that  has 
ned  from  experience.  Experience  has  taught  us  to  project 
1  sensation  arising  from  the  stimulation  of  any  given  point 
tina  to  that  part 
external  world 
!ch  the  stimulus 
hat  is,  to  the 
}  point  giving 
the  light  rays. 
ig  to  the  physi- 
ciples  described 
le  image  of  such 

must  be  formed  Fig.  128.— Diagnun.to  illustrate  the  oonatruc- 

uiuoi;   ^^  Avrx  im^^ka      ^.^^  neoeeaary  to  determine  the  location  and  nse  of 
^tina  where  the      the  retinal  image. 

y  axis  from  that 

•ough  the  nodal  point  touches  the  retina.  In  projecting  this 
timulus  outward  to  its  source,  therefore,  we  have  learned 
;t  it  back,  as  it  were,  along  the  line  of  its  secondary  axis. 
128  the  retinal  stimulus  at  a  is  projected  outward  along 
ir-n-Ay  and  to  such  a  distance  as,  from  other  sources,  we 
the  object  A  to  be.  This  law  of  projection  is  fixed  by 
»,  but  it  implies,  as  will  be  noted,  that  we  are  conscious 
fferences  in  sensation  aroused  by  stimulation  of  different 
the  retina.  Considering  the  retina  as  a  sensory  surface, 
3  skin,  for  instance, — each  point,  speaking  in  general  terms, 
assumed  to  be  connected  with  a  definite  portion  of  the 
nd  the  sensation  aroused  by  the  stimulation  of  these  dif- 
ints  must  differ  to  some  extent  in  consciousness,  each  has 
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its  local  sign.  The  sensations  arising  from  each  of  these  points 
have  learned  to  project  outward  into  the  external  world  along 
line  from  it  to  the  nodal  point  of  the  eye.  because  under  the  noi 
conditions  of  life  this  point  is  stimulated  only  by  external  obieeta' 
situated  on  this  line.  This  law  of  projection  is  so  firmly  fixed  that 
if  a  given  point  in  the  retina  is  stimulated  in  some  unusual  wny 
we  still  project  the  resulting  sensation  outward  according  to  tbt 
law,  and  thus  nmke  a  false  projection  and  interpretation,  for 
instance,  if  the  little  finger  is  inserted  into  the  inner  and  lower  &pgle 
of  the  eye  and  is  pressed  ujion  the  eyeball  the  edge  of  the  letina  is 
stimulated  mechanically.  One  experiences,  in  eonsequencCj 
visual  sensation,  known  as  a  phosphene,  consisting  of  a  dark- 
spot  surrounded  by  a  light  halo*  I'his  sensation,  however^ 
projected  out  toward  the  upper  and  outer  angle  of  the  eye,  aci 
ing  to  the  law  of  projection,  since  normally  this  part,  of  the  w 
is  only  stimulated  by  light  coming  from  such  a  direction.  A 
error  in  projection  is  obtained  by  holding  objects  so  close  to  the 
that  a  physical  inverted  image  cannot  be  formed,  but  only  an  ereci 
shadow  image.  This  experiment  may  be  performed  as  follows: 
Hold  the  head  of  a  pin  close  to  the  eye,  and,  in  order  that  a  shaip 
shadow^  may  be  throwm,  allow"  the  light  to  fall  on  this  pin  through 
a  pinhole  in  a  card  held  somewhat  farther  from  the  eye.  By  this 
means  an  erect  shadow  of  the  pin,  lying  in  the  circle  of  light  from 
the  hole,  will  be  tlirowm  on  the  eye.  This  shadow  image  will  be 
projected  outward  according  to  the  usual  law,  and  conseqiieot^^ 
will  appear  inverted. 

The  Size  of  tlie  Retinal  Image. — The  size  of  the  inoage  d 
object  on  the  retina  may  be  reckoned  easOy, provided  the  size  of 
object  and  its  distance  from  the  eye  is  known.    As  will  be  seen  fioo 
the  constniction  given  in  Fig.  128,  the  triangles  A-n-B  nnd  a-n4are 
symmetrical;  consequenth^  we  have  the  ratio: 


rtmf 


A-B 
A-B 
a-b 
Si^e  of  object 
Siie  of  image    "" 


a-b    : 


that  is 


Di^^tatice  of  object  from  nodal  point. 
Distance  of  image  from  nod&l  point. 


As  was  stated  above,  the  distance  of  the  im^age  from  the 
point — that  is,  the  distance  of  the  retina  from  the  nodal  poi 
may  be  placed  at  15.5  or  15  mins.  Consequent^,  three  of  the  fi 
in  the  above  erjuation  being  know-n,  it  is  easily  s<jlved  for  the 
known  faetor^ — namely,  the  size  of  the  image  on  the  retina, 
take  a  concrete  example;  suppose  it  is  desired  to  know  the 
the  retina  of  the  image  made  by  an  object  120  feet  liigh  at  a  disi 
of  one  mile  (52S0  feet).  If  we  d-^signate  the  size  of  the  image 
and  substitute  the  known  values  for  the  other  temis  of  the  equal 


sizel 


or  X 


0.341  mm.,  which  is  about  the  diam* 
The  retinal  image  of  the   objeet 


_  5280 

^i —  IX' 

fovea  centralis,  me  reimai  image  ot  tne  oDjeet  in 
ease  would  be,  in  roujid  numljers,  alx)iit  r^^jWff  ^^  tlie  actual 
ht  of  the  object. 

bcommodation  of  the  Eye  for  Objects  at  Difierent  Dis- 
fc»— The  normal  or,  as  it  is  sometimes  named,  the  emmetropic 
%  arranged  to  focits  parallel  rays  more  or  less  accurately  upon 
netina.  That  is, the  refractive  media  have  such  cortatures  and 
ities  that  parallel ,  or  substantially  parallel  rays  are  brought  to 
\  upon  the  retinal  surface.  When  objects  arc  brought  closer 
\eye,  however,  the  rays  proceeding  from  them  become  more 
ore  diveiTgent.  If  the  eye  remains  unchanged  the  refracted 
ut  the  retina  before  coming  to  a  focus — ^so  that  each 
point  in  the  object,  instead  of  forming  a  point  upon  the 


IHsMCr^m  explAininK  the  ohanBe  id  rfa«  poeution  of  the  imup  reflected  from  tb# 
Anterior  msrfsoe  of  the  cryfltallino  leiii».*-(irtiiiaffw,  after  Dondm.) 


Wf  foiTOs  a  circle,  known  as  a  diffnmon  circle.  As  this 
re  for  each  point  of  the  object,  the  retinal  image  as  a  whole 
iurred.  We  know,  however,  that  up  to  a  certain  point 
|£t  this  blurring  does  not  occur  when  the  object  is  brought 
the  eyes.  The  eye,  in  fact,  accommodates  itself  to  the 
object  so  as  tx)  obtain  a  clear  focus.  In  a  photographic 
\  this  accommodation  or  focusing  is  effected  by  moving  the 
|glai^'§  plate  farther  away  as  the  object  is  brought  closer  to  the 
[  the  eye  the  same  result  is  obtained  by  increasing  the  ciirva- 
1  therefore  the  refractive  power  of  the  lens.  Tliat  a  change 
IS  is  the  e-ssential  factor  in  accommodation  for  near  objects 
ist rated  by  a  simple  and  conclusive  experiment  devised  by 


I 


J 
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Helmlioltz  with  the  aiil  of  what  are  known  as  the  imagf*s  of! 
kinje.  The  pnnciple  of  tlib  experiment  is  represented  by  thfl 
gram  gi^^en  in  Fig.  129.  The  eye  to  be  observed  m  reW 
that  Ls,  gazes  into  the  distance.  A  lighted  candJe  is  held  t0j 
side  as  represented,  and  the  observ^er  places  his  eye  so  ai 
cateh  the  hght  of  the  candle  Tfvhen  reflected  from  the  obsened! 
With  a  Uttle  practice  and  under  the  right  conditions  of  illiul 
tion  the  observer  will  be  able  to  see  tliree  images  of  the  candl 

A  B 


Fiji.  IM^—BjoBeeied  imagi^  of  a  candte  fl&me  &s  seen  in  the  pupil  of  au  eye  m  i 
aocommodiitetl  for  near  objects, — {WiUiamM.) 

fleeted  from  the  observe*  1  eye  as  from  a  mirror:  one,  the  br 
is  reflected  from  the  convex  surface  of  the  cornea  (a.  Fig.  13 
one  much  dimmer  and  of  larger  size  is  reflected  from  the 
surface  of  the  lens  {b,  Fig,  130,  .4),  This  image  is  larger 
fainter  because  the  reflecting  surface  is  less  curved.  The  I 
image  (c,  Fig.  130,  .4)  is  inverted  and  is  smaller  and  bri| 
than  the  second.  This  image  is  reflected  from  the  pos( 
surface  of  the  lens,  which  acts,  in  this  instance,  like  a  coa 
mirror.  If  now  the  observed  eye  gazes  at  a  near  object,  il 
be  noted  (Fig.  130,  B)  that  the  flrst  image  does  not  chani 
all,  the  third  image  also  remains  practically  the  same,  btj 
middle  imaii^e  (b)  becomes  smaller  and  approaches  nearer  Ij 
first  (a).  This  result  can  only  mean  that  in  the  act  of  af 
modation  the  anterior  surface  of  the  lens  becomes  more  rx| 
In  this  way  its  refractive  powder  is  increased  and  the  more^ 
gent  rays  from  the  near  object  are  focused  on  the  retina.  1 
holtz  has  shown  that  the  curvature  of  the  posterior  surface  « 
lens  is  also  increased  slightly:  but  the  change  is  so  slight  tb 
increased  refractive  power  is  referred  chiefly  to  the  change 
anterior  surface.  The  means  by  which  the  change  is 
was  first  explained  satisfactorily  by  Helmholtz.*  He  attr 
it  to  the  contraction  of  the  ciliaiy  muscle-  This  small 
composed  of  plain  muscle  fibei^s,  Ls  found  witliio  the  eyebalU 
between  the  choroid  and  the  sclerotic  coat  at  the  point  at  whif 
sclerotic  passes  into  the  cornea  and  the  choroid  falls  into  the  d 
*  *  HelmholtE,  "Handbuch  dcr  phjuiologischcn  Optik,"  Becond  editi 
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8^.  Some  of  its  fibers  take  a  more  or  less  circular  direction 
1  the  eyeball,  resembling  thus  a  sphincter  muscle,  while  others 
I  radial  direction  in  the  planes  of  the  meric^ians  of  the  eye  and 
their  insertion  in  the  choroid  coat  (Fig.  131).  When  this 
J  contracts  the  radial  fibers  especially  wDl  pull  forward  the 
1  coat.  The  effect  of  this  change  in  the  choroid  is  to  loosen 
D  of  the  suspensory  ligament  (zonula  Zinnii)  on  the  lens  and 
^  then  bulges  forward  by  its  own  elasticity.  The  theory 
s  that  in  a  condition  of  rest  the  suspensory  ligament,  which 
)m  the  ciliary  processes  to  the  capsule  of  the  lens,  exerts  a 

Ciliary    Border 

UrooeBs.  of  iris.  Ciliary  muscM. 


/ 


/ 


PicOMDt 

epithelium 


A- 


Ora  serrata. 

-Meridional  section  of  ey^eball  after  removal  of  sclerotic  coat,  cornea,  and  iris, 
to  show  the  position  of  the  ciliary  muscle. — (SchuUze.) 

upon  the  lens  which  keeps  it  flattened,  particularly  along 
rior  surface,  since  the  ligament  is  attached  more  to  this  side, 
his  tension  is  relieved  indirectly  by  the  contraction  of  the 
nuscle  the  elasticity  of  the  lens,  or  rather  of  the  capsule  of 
,  causes  it  to  assume  a  more  spherical  shape  along  its  anterior 
and  the  amount  of  this  change  is  proportional  to  the 
of  contraction  of  the  muscle.  Other  theories  have  been 
d  to  explain  the  way  in  which  the  contraction  of  the  ciliary 
effects  a  change  in  the  curvature  of  the  lens,*  but  none  is 
le  and,  on  the  whole,  so  satisfactory  as  the  one  suggested 
nhoitz. 

interestiiig  to  note  that  in  fishes  accommodation  is  effected  in  a 
way,  namely,  by  movements  of  the  lens  forward  and  backward. 
iinimftlg  the  eye  when  at  rest  is  accommodated  for  near  vision,  and 
jeets  at  a  distance  the  refractive  power  of  the  eye  is  diminished  by 
action  of  a  special  muscle,  retractor  lentiSf  which  pulls  the  lens  toward 
ut 

Taeheming,  "  Optique  physiologique,"  Paris,    1898 ;   and  Schoen, 

r.  die  gesammte  Physiologic,''  59,  427,  1895. 

Beer,  "Wiener  klinische  Wochenschrif t, "  1898,  No.  12. 
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Limit  of  the  Power  of  Accommodation — Near  Point 
Distinct  Vision.*— When  an  object  is  brought  closer  and 
the  eye  a  point  will  be  reached  at  which  it  l$  impossible  by  1 
strongest  eontmction  of  the  ciliary  muscle  to  obtain  a  clear  imifi 
of  the  object.  The  rays  from  it  are  so  diveiigent  that  the  refractive 
surfaces  are  unable  to  bring  them  to  a  focus  on  the  retina*  Eid 
luminous  point  makes  a  diffusion  circle  on  the  retina,  and  tlH 
whole  image  is  indistinct.  The  distance  at  which  the  eye  is  JQi 
able  to  accommodate  and  ii^athin  which  distinct  vision  is  imfW 
sible  is  called  the  near  p&inL  Obsenation  shows  that  timM 
point  varies  steadily  with  age  and  becomes  mpidly  greater  in  i 
tance  between  the  fortieth  and  the  fiftieth  year.  In  the  ea^  of 
normal  eye  the  recession  of  the  near  point  varies  so  regularly 
iige  that  it.s  determination  may  be  used  to  estimate  the  jige  d 
individuab     Figures  of  this  kind    are  given  (see  also  p.  312); 
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This  gmdual  lengthening  of  the  near  point  is  explained 
by  the  supjxjsition  that  the  lens  loses  its  elasticity,  so  that 
traction  of  the  ciliary  nmscle  has  less  and  less  effect  in  caustQ 
increase  in  its  cur\^ature.  The  process  starts  ver>*  early  in 
and  is  one  of  the  many  factj^  which  show^  that  senescence  bfl 
practically  with  birth.  The  change  in  near  fxjint  lq  early  life 
slight  as  to  escape  notice,  but  after  it  reaches  a  distance  of  fl 
25  cm.  (about  10  inches)  the  fact  obtrudes  itself  upon  us  in  the 
of  our  eyes  for  near  objects,^ reading,  for  example.  The  corn 
is  then  designutt'd  as  old-sightedneaa  or  prisbyopia.  Most 
eyes  become  so  rlistinctly  presbyopic  between  the  fortieth 
fiftieth  year  as  to  ret^uire  the  use  of  glasses  in  reading.  IS  no 
defect  exists  in  the  eye,  this  deficiency  of  the  lens  is  readily 
come  by  using  suitable  convex  glasses  to  aid  the  eye  in  f( 
the  rays.  It  is  obvious  that  in  such  cases  the  glasses  need 
used  except  for  near  work. 

Far  Point  of  Distinct  Vision, — ^The  normal  eye  is  so  adjc 
that  parallel  mys  are  brought  to  a  focus  on  the  retina.    Th 
point  is  therefore   theoretically  at  infinity.     Objects  at  a 
distance  are  seen  distinctly,  as  far  as  their  size  permits,  wit 
accommodation, — that  is,  with  the  eye  at  rest.     Practically 
found  that  objects  at  a  distance  of  6  to  10  meters  (20  to  30  feet) 
rays  that  are  sufficiently  parallel  to  focus  on  the  retina  witfi 
muscular  effort  on  the  part  of  the  eyes^and  this  distance, 
measures  the  practical  far  point,  punctum  remoium^  of  th^ 
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lie  rays  at  this  distance  are,  in  reality,  somewhat  divergent, 
it  they  produce  a  distinct  image  without  an  act  of  accom- 
m  may  be  due  to  the  fact  that  the  rods  and  cones,  the  really 
3  part  of  the  retina,  do  not  form  a  mathematical  plane,  but 
certain  thickness  or  depth.  In  the  fovea  centralis,  for  in- 
the  cones  have  a  length  estimated  (Greefif)  at  85  /£  (0.085 
nd  since  the  displacement  of  the  focus  of  an  object  moved 
infinite  distance  (parallel  rays)  to  6  or  10  meters  from  the 
!ss  than  this  amount,  the  focused  image  would  continue  to 
ome  psCrt  of  the  cones  without  the  aid  of  the  mechanism  of 
odation. 

Refractive  Power  of  the  Eye  and  the  Range  of  Accom- 
>IL — ^The  refractive  power  of  lenses  is  expressed  usually 
{  of  their  principal  focal  distance,  A  lens  with  a  distance 
Qeter  is  taken  as  the  unit  and  is  designated  as  having  a 
e  power  of  one  diopter,  1  D.  Compared  with  this  unit, 
.ctive  power  of  lenses  is  expressed  in  terms  of  the  recipro- 
beir  principal  focal  distance  measured  in  meters;  thus, 
ith  a  principal  focal  distance  of  y^j-  meter  is  a  lens  of  10 
10  D.,  and  one  with  a  focal  distance  of  10  meters  ia 
T  (0.1  D.).  In  expressions  of  this  kind  it  is  assumed  that 
is  surrounded  by  air  on  both  sides.  In  the  case  of  the  eye, 
1  there  is  air  on  one  side  and  liquid  (humor)  on  the  other, 
essary  to  distinguish  between  an  anterior  and  a  posterior 
stance,  according  as  the  rays  of  light  are  conceived  as 
from  the  air  into  the  eye  and  forming  their  focus  in  the 
humor  (posterior  principal  focus),  or  as  passing  in  the 
J  direction  and  forming  their  focus  in  the  air  (anterior 
1  focus).  The  posterior  principal  focal  distance  (reduced 
y  be  given  as  20  +  mm.,  while  the  anterior  focal  distance 
to  15  mm.  (13  mm.  in  front  of  cornea).  Compared  with  a 
IS  in  air,  the  equivalent  refractive  power  of  the  eye  is  equal 
(^),  reckoned  for  the  posterior  focal  distance,  or  66  D 
Kikoned  for  the  anterior  focal  distance.  In  the  combined 
3f  cornea  and  lens  the  action  of  the  cornea  is  more  im- 
than  that  of  the  lens.  Removal  of  the  lens,  as  in  cataract 
ns,  does  not  lessen  the  refractive  power  of  the  eye  so 
J  when  the  action  of  the  cornea  is  destroyed,  as  happens 
most  part  when  the  head  is  immersed  in  water.  The 
ractive  power  of  the  eye  is  increased  by  the  act  of  accom- 
n,  on  account  of  the  greater  curvature  of  the  lens.  As 
n  a  preceding  paragraph,  the  extent  of  accommodation 
ith  age.  At  ten  years  the  range  is  from  infinity,  when  the 
rest,  to  7ctm.  when  the  maximum  accommodation  is  used. 
words,  the  increased  curvature  of  the  front  of  the  crystal- 
in  maximal  accommodation  adds  to  the  refractive  power 


^H^           312                                           THB    SPECIAL    SENSF 

^^B         of  the  eye  an  amount  which  may  be  ex| 
^H         14  +  D  C^),     It  is  m  though  the  eye 
^^m         glass  lens  of  14  +  D  were  placed  again? 
^^m         creasing  range  of  accommodation  as  ag< 
^^H         conveniently  in  the  number  of  diopters  wh 
^^^l         refractive  power  of  the  eye  by  the  action 

^^^^H                             8      1^    i6   30    24   ^B  31  36  4°  44   48    i 
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^^^H                    Fuz:  131a. — Cijrvei)  sbawin^  the  variation  in  the  ranges  of  accomixiodatioQ  with  mms.  1 
^^^^B              &toQjE  Ihu  abacisa  rcpraaent  yean;  fiffiirea  alonfl  the  ordinate  rcjirest'Dt  diopters  of  torn 
^^H             dAtion:  C  C«  Reprroeato  the  roeao  or  avDrage  ofover  lOOO  caoeA,  whiJo  A  .1  ackd  B  B  0^ 
^^^^B             cxtrenofift  noted  in  their  caaes.     n  thould  be  stated  that  the  maxunucn  accommodatkui  i 
^^^B             point  waa  reckoned  from  the  Rnterior  principal  fooua  (13  nun.  in  front  of  the  cornea)  1 
^^^H             of  from  the  interior  auifaoe  of  the  eoroeia  (Dtwtne).                                                             ' 

^^m               The  following  table  illustrates  the  usual  range  of  acsl 
^^B         modation  for  different  ages,     (Somewhat  different  results  arl 
^^H         pressed  in  the  curve*  represented  in  Fig,  131a): 

V                                             YeAiB.                                                                                in  diopl«ia. 

■                                                  10       . *                               ....  14 

■'                                                15 .12 

20 10                     ' 

25      8.5 

30 7                  1 

35          . 5.5 

40                                                                               4.5 

45                                                                               3,5                , 

50 , 2.5 

55      . L76              ' 

60      ......                           1 

65 0.75 

70      ,    .    , - 0.25 

•  Dtmne,  '*  The  Ophthalino»cope,"  Sept..  1912. 
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Optical  Defects  of  the  Normal  Eye. — ^The  refractive  surfaces 
A  the  eye  exhibit  some  of  the  optical  defects  commonly  noticed 
inkiifles,  particulariy  those  defects  known  as  chromatic  and  spherical 
aberration.  White  light  is  composed  of  ether  waves  of  different 
lengths  and  different  rapidities  of  vibration,  the  shortest  waves  being 
tlKwe  at  the  violet  end  of  the  spectrum  and  the  longest  those  at  the 
fed  end.  In  passing  through  a  prism  or  lens  these  waves  are  re- 
Ricted  unequally  and  are  therefore  more  or  less  dispersed  accord- 
1^  to  the  character  of  the  refracting  medium.  The  short,  rapid 
raves  at  the  violet  end  are  refracted  the  most  and  are  brought  to 

focus  before  the  longer,  red  waves,  so  that  the  image  shows 
JDges  of  color  instead  of  being  pure  white.  This  phenomenon 
I  known  as  chromatic  aberration.  Lenses  used  for  scientific 
uiposes  are  corrected  for  this  defect  or  made  achromatic  by  a 
Mbination  of  lenses  of  crown  and  flint  glass  so  placed  that  the 
ispersive  power  of  one  neutralizes  that  of  the  other.  The  eye 
ifaibits  this  defect,  but  not  to  such  an  extent  as  to  be  noticeable 
loidinary  vision.  If,  however,  an  object  is  in  focus  when  viewed 
f  red  light  it  can  be  shown  that  the  focus  must  be  changed  if  the 
une  object  is  illuminated  by  violet  light.  Helmholtz  estimates 
Mt  if  the  media  of  the  eye  possess  the  same  dispersive  power  as 
ater  the  rays  of  violet  light  must  be  brought  to  a  focus  at  about 
.434  mm.  in  front  of  that  of  the  red  rays. 

Spherical  aberration  depends  upon  the  fact  that  the  rays  near  the 
ircumference  of  a  lens  are  refracted  more  and  therefore  are  brought 
)  a  focus  sooner  than  those  entering  nearest  the  center.  This 
efect  may  be  noticed  in  an  uncorrected  lens  by  the  fact  that 
hen  the  center  of  the  image  is  in  exact  focus  its  margins  are 
ightly  out  of  focus  and  vice  versa.  The  defect  is  usually  cor- 
seted, as  in  photography,  by  use  of  a  diaphragm  to  cut  off 
le  rays  from  the  periphery  of  the  lens.  In  the  eye  both  spher- 
al and  chromatic  aberrations  are  remedied  to  a  laige  extent  by 
similar  device.  The  iris  constitutes  an  adjustable  diaphragm, 
hich  reflexly  narrows  as  the  light  increases  in  intensity  and 
lus  cuts  off  the  rays  that  would  go  through  the  periphery  of 
le  lens.    The  interesting  physiological  control  of  the  movements 

the  iris  is  described  below.  In  the  eye  the  defect  of  spherical 
lerration  is  counteracted  also  by  the  peculiar  structure  of  the 
fstalline  lens.  This  organ  is  composed  of  concentric  layers 
lose  density  increases  toward  the  center.  The  result  of  this 
"angement  is  that  the  center  of  the  lens  is  more  refractive  than  the 
•iphery,  and  the  tendency  of  the  latter  portion  to  refract  more 
ongly  is  more  or  less  neutralized. 

Abnormalities  in  the  Refraction  of  the  Eye — Ametropia. — 
e  eye  that  is  normal  and  in  which  parallel  rays  focus  on  the 
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retina  when  the  eye  is  at  rest  is  designated  as  emmetropic.   AfO' 

abnomiality  in  the  refractive  surfaces  or  the  shape  of  the  eyeb*^ 
prevents  tlii*s  exact  focuwing  of  paraUel  rays  and  makes  the  e>'^ 
ametropic.  The  most  common  refractive  troubles  of  the  e/^ 
are  due  to  short -si«:htedness  or  myopia,  far-sightedness  or  hype^'^ 
metropia,  asti^iatiKm.  and  old-sigh tedness  or  presbyopia.  Soi»^ 
description  of  these  conditions  is  useful  to  emphasize  by  contra*^ 
the  mode  of  action  of  the  dioptric  mechanism  in  the  normal  ey^^ 
but  for  a  full  description  of  the  extent  and  complexity  of  ibed^ 
defects  reference  must  be  made  to  special  treatises  upon  \hi^ 
error's  of  refraction  in  the  eye. 

In  myopia  or  near-sightedness  parallel  rays  of  light  are  braugk^ 
to  a  focus  before  reaching  the  retina.     Consequently  when  the  i&y^ 
fall  upon  the  retina  each  point  forms  a  diffusion  circle  and  the  imag^ 
is  indistinct.     This  defect  may  be  due  to  an  abnormally  great  cm*— 
vature  of  the  refractive  surfaces,  the  cornea  or  the  lens,  or  to  an  at>- 
normal  length  of  the  eyeball  in  its  anteroposterior  diameter.    Tb^ 
latter  cause  is  the  more  common.     The  defect  may  be  coagiemtaXp 
but  usually  it  is  acqiured,  and  in  the  latter  ease  its  cause  is  generally 
attributed  to  a  weakness  in  the  coats  of  the  eyeball.    The  mterior 
of  the  eye  is  under  some  pressure,  intra-ocular  tension,  which  i^ 
estimated  to  be  equal  to  the  pressure  of  a  colunm  of  mereur>'  25  to  30 
mms.  in  height.     This  tension  is  increased  by  strong  convergence  of 
the  eyeballs  in  looking  at  near  objects.     If  the  coat«  of  the  eye  &i« 
weak  or  become  so  from  disease  or  malnutrition  they  may  \ield 
somew^hat  t^o  this  pressure  and  the  eyeball  become  lengthened  in  tb€ 
anteroposterior  diameter.    The  condition  as  regards  refraction  ol 
parallel  rays  is  represented  then  by  the  diagram  B,  in  Fig.  1*^- 
The  retina  is  farther  away  than  the  principal  focal  distance  of  th€ 
refractive  surfaces,  and  if  the  defect  is  excessive  even  di' 
rays  may  not  be  focused.    The  obvious  remedy  for  such  a  condii 
is  to  use  concave  lenses  before  the  eyes  for  distant  vision.     By 
means,  if  the  lenses  are  properly  chosen,  the  rays  will  be  given  «u« 
an  amount  of  divergence  that  the  focus  will  be  throwTi  back  to 
retina.     As  compared  ^ith  the  normal  or  emmetropic  eye, 
myopic  eye  has  itvS  far  point  of  distinct  vision— that  is,  the  fi 
point  that  can  be  .seen  distinctly  without  an  effort,  of  aceoraiD^, 
tion — less  than  twenty  feet  from  the  eye,  the  exact  distance 
ing  up<:m  the  extent  of  the  myopia.     On  the  contraty,  the  near 
of  distinct  vision^that  is,  the  nearest  point  at  which  distinct 
can  be  obtained  with  the  aid  of  the  muscles  of  accommodatioi 
closer  than  in  the  normal  eye.     Much  of  the  prevalent  myopia  in 
young  is  attributed  by  oculists  to  bad  methods  in  readings  such 
insufficient  lighting,  small  print, and  a  faulty  position  of  the! 
Such  conditions  lead  to  an  excessive  muscular  effort  and 


DIOPTRICS   OF  THE   EYE. 


315 


aggravate  any  tendency  that  exists  toward  the  development  of  a 
oearfiighted  condition. 

In  hypermetropia  the  conditions  are  the  opposite  of  those  in 
myopia.  Parallel  rays  of  light  after  refraction  in  the  eye  cut  the 
letina  before  they  come  to  a  focus.  The  principal  focal  distance,  in 
other  words,  is  behind  the  retina.  In  this  case,  also,  each  point 
of  a  distant  object  will  make  upon  the  retina,  when  the  eye  is  not 
accommodated,  a  diffusion  circle,  and  the  image  consequently  is 
blurred.  This  defect  may  be  caused  by  a  lessened  curvature  or 
refractive  power  in  the  cornea  or  lens,  but  in  the  majority  of  cases 
it  is  referable  to  a  diminution  in  the  anteroposterior  diameter  of 
the  eyeball.  This  condi- 
tion is  usually  congenital: 
the  eyeball  from  birth  is 
smaller  than  the  normal. 
The  path  of  the  parallel 
nys  in  this  case  is  repre- 
sented in  the  diagram  C, 
Kg.  132.  When  such  an 
eye  looks  at  a  distant  ob- 
ject a  clear  image  may  be 
obtuned  only  by  using  the 
ciliaiy  muscle,  and  to  pre- 
vent this  constant  strain 
npwi  the  muscle  of  accom- 
modation convex  glasses 
must  be  worn.  Glasses  of 
this  kind  converge  the 
ays  and  if  properly  chosen 
will  bring  parallel  rays  to 
*  focus  without  the  con- 
stant aid  of  accommoda- 
tion. It  is  obvious  that 
in  the  hypermetropic  eye 
there  is  no  far  point  of 
distinct  vision  when  the 
^  is  at  rest,  since  some 
accommodation  must  be 
used  to  bring  even  parallel  rays  to  a  focus.  The  near  point  of 
distinct  vision  will  be  farther  away  than  in  the  normal  eye,  since 
accommodation  begins  when  the  rays  are  parallel  and  its  limits 
Mie  reached  with  a  less  degree  of  divergence;  hence  the  name  of 
far-sightedness. 

Presbyopia  or  old-sightedness  has  been  referred  to  above.     It 
is  due  to  a  gradual  failure  in  the  effectiveness  of  accommodation 


Fig. 


_  __.  132.— Diagram  showing  the  differenoe  be- 
tween nonnal  M),  myopic  (B),  and  hypermetropic 
(C)  eyes.  In  B  and  C  the  dotted  lines  represent  th« 
path  of  the  rays  after  correction  by  glasses. — (Bot»- 
diich.) 
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with  increasing  age^  and  is  attributed  usually  to  a  progressive  | 
crease  of  rigidity  in  the  lens.  The  near  point  of  distinct  vim 
recedes  farther  and  farther  from  the  eye,  and  (consequently  in  cloi 
work  convex  glasses  must  l^e  worn  to  aid  the  accommodation.  1 
is  obvious  that  this  effect  of  old  age  will  be  less  noticeable  in  th 
myopic  than  in  the  emmetropic  eye,  since  in  the  former  the  great* 
length  of  tlie  eyeball  retiuires  less  accommodation  in  near  vision  m 
the  failure  of  the  lens  to  refract  is  therefore  not  felt  so  soon  Wh| 
is  known  as  second-sight  in  the  old  may  be  brought  about  \t 
the  late  development  of  a  myopic  condition. — that  is,  by  a  chaM 
in  the  length  of  the  eyeball  or  by  a  swelling  of  the  crj'stalBl 
lens, — and  in  such  a  case  convex  glasses  for  near  work  may  I 
dispensed  with. 

A  stigmati^sni.— In  a  perfectly  nonnal  or  ideal  eye  the  refractii 
surfaces,  comea^  anterior  and  jx>sterior  surfaces  of  the  lens,  an 
sections  of  true  spheres,  and,  aU  the  meridians  being  of  equi 
cur%^atuie,  the  refraction  along  these  different  meridians  is  equJ 
Such  an  eye  will  bring  the  cone  of  rays  proceeding  from  a  lumlnoai 
point  to  a  focal  point  on  the  retina,  barring  the  disturbing  influeoOl 
of  chromatic  and  spherical  alierration.  If,  however,  one  or  all  of  ttl 
refractive  surfaces  have  unequal  curv^atures  along  different  meiil 
ians,  then  it  is  ob\doiis  that  the  rays  from  a  luminous  point  can  nol 
be  brought  to  a  focal  point,  since  the  rays  along  the  meridian  fll 
greater  curv^ature  will  be  brought  to  a  focus  first  and  l>egin  to  diverp 
before  the  rays  along  the  lesser  corv^ature  are  focused.  Such  * 
condition  is  designated  as  astigmatism  (from  a,  not,  and  ^^7t^ 
point).  The  effect  may  be  illustrated  by  the  diagram  in  FigJ33> 
which  represents  the  refraction  of  the  rays  from  a  luminous  point  b] 
a  planoconvex  lens  whose  curvature  along  the  vertical  meridian  i* 
greater  than  along  the  horizontal  meridian. 

The  rays  along  the  vertical  meridian  are  brought  to  a  focii 
first  at  G,but  those  from  the  horizontal  meridian  are  still  con%Tr]pn| 
so  that  a  screen  placed  at  this  point  will  give  the  image  of  a  horizootl 
line  {a-a').  The  rays  along  the  horizontal  meridian  are  brought  tot 
focus  at  B,  but  those  from  focus  G  have  by  this  time  spread  of 
in  a  vertical  plane,  so  that  a  screen  placed  at  this  point  will  |ht 
the  image  of  a  vertical  line  {6-c).  In  between  the  images  will  k 
elliptical  or  circular,  as  represented  in  the  diagram.  In  the  eji 
astigmatism  may  be  due  to  an  inequality  in  cur\^ature  of  either  t| 
cornea  or  the  lens,  and  may  be  either  regular  or  irregular*  Bj 
regular  astigmatism  is  meant  that  condition  in  which  while  tk 
cur\^ature  along  each  individual  meridian  is  equal  throughout  il 
course,  the  curvatures  of  the  different  meridians  vary  and  in  siifl 
a  way  that  the  meridians  of  greatest  and  least  curvature  are  I 
right  angles  to  each  other  or  approximately  so.     Ordinary^  astj 
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8m  is  of  the  regular  variety,  and  is  usually  attributed  to  a 
ct  in  the  curvature  of  the  cornea.  If  the  astigmatism  is  such 
I  the  vertical  meridian  has  the  greatest  curvature  it  is  termed 
th  the  rule/'  since  usually  this  meridian  is  slightly  more 
Bd  than  the  horizontal  one.  If,  on  the  contrary,  the  cur- 
ie along  the  horizontal  meridian  is  greater,  the  astigmatism 
igainst  the  rule.''  The  meridians  of  greatest  and  least  curva- 
may  not  Ue  in  the  vertical  and  horizontal  planes,  but  in  some 
le  obUque  planes;  but  so  long  as  they  are  at  right  angles  the 
matism  is  regular.  It  is  evident  that  such  a  condition  may 
)nrected  by  the  use  of  cylindrical  lenses,  so  chosen  as  to  in- 
16  the  refraction  along  the  meridian  in  which  the  cornea 
he  least  curvature,  in  which  case  a  convex  or  plus  cylinder  is 
,  or,  on  the  other  hand,  to  diminish  appropriately  the  refraction 
I  the  meridian  of  greatest  curvature,  in  which  case  a  concave 
onus  cylinder  is  used.    An  eye  that  suffers  from  a  marked 


Z. 


-«'*^t)tf«U^'LJ. 


iC  133.— Schenui  to  illuatrate  the  paths  of  the  rays  of  light  in  a  cornea  showinc 
r  ssticinatiflm. — (MeKendrick.)  The  lower  line  of  figures  represents  the  section  of 
OS  of  light,  or  the  images  obtained  at  different  distances.  The  image  varies  from  a 
ntal  to  a  'vertical  line,  but  at  no  place  can  a  point  be  obtained  at  which  rays  along 
lidiaoa  are  foouaed. 


Be  of  astigmatism  cannot  focus  distinctly  at  the  same  time 
that  are  at  right  angles  to  each  other;  hence  the  use  of  a 
I  of  lines  whose  images  are  formed  along  the  different  meridians 
e  eye,  as  shown  in  Fig.  134,  will  reveal  this  defect  if  it  exists. 
B  eye  is  directed  to  the  center  of  intersection  of  the  lines  some 
e  lines  appear  distinct  while  those  at  right  angles  to  them 
hured.  A  normal  eye  can  be  thrown  into  an  astigmatic  con- 
1  by  approximating  the  eyelids  closely.  In  this  position  the 
make  a  concave  cylindrical  lens,  which  alters  the  curvature 
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along  the  vertical  meridian.  What  is  known  a*s  irf 
matisin  is  due  to  the  fact  that  the  merithiins  of  greatest  I 
curvature  are  not  at  approximately  right  angles,  or,  as  ifl 
commonly  the  case,  it  is  due  to  an  irregularity  in  the  cur 
along  some  one  meridian,  such  as  may  be  produced  by  a  sc-a 
the  cornea.  This  condition  may  be  produced  from  a  vari 
causes  affecting  either  the  cornea  or  the  lens,  and  practic 
can  not  be  corrected  by  the  use  of  lenses.   As  Helmholtz  has  i 

a  small  degree  of  in 
astigmatism  is  preset 
mall}',  oT^ing  to  a  < 
asymjnetr>^  in  the  cur 
of  the  lens.  This  de 
made  apparent  in  the 
sensations  caused  by  i 
of  light ,  such  as  is  furr 
for  instance,  by  a  fLxe< 
The  retinal  image  in 
cases,  instead  of  being  t 
metrical  point,  Is  a  r 
figure  the  exact  for 
which  may  var}'  in  dii 
eyes.  For  this  neaso 
fixed  stars  give  us  the 
known  star-shaped 
Instead  of  a  clearly  d 
point. 
Innervation  and  Physiological  Control  of  the  Ciliary  1 
and  the  Muscles  of  the  Iris. — From  an  optical  jwint  of  vi€ 
iris  plays  the  part  of  a  diaphragm.  It  is,  moreover^  an  adjii 
diaphragm  the  aperture  of  wliich— that  is,  the  size  of  the  p 
is  varied  reflexly  according  to  the  conditions  of  illumination 
adjustments  are  made  possible  by  the  fact  that  it  contains  ' 
its  substance  two  bands  of  muscular  tiasue,  one,  the  spk 
muscle,  forming  a  circular  ring  whose  contraction  diminish 
aperture  of  the  pupil,  and  the  other  a  dilator  muscle  whose  oo 
tion  widens  the  pupil.  Each  of  these  muscles  possesses  it 
nerv^e  fibers  that  arise  ultimately  from  the  brain*  and  througk 
fibers  reflex  movements  of  great  delicacy  are  effected.  The  8 
ter  pupilla^  is  a  well-defined  band  of  plain  muscle  whoee 
varies,  according  to  the  state  of  contmrtion.  from  0.6  to  1.2 
it  forms  a  ring  lying  just  on  the  margin  of  the  pupil,  and  it 
bedded  in  the  stroma  of  the  iris.  The  histological  differen 
of  the  dilator  pupillfe  is  much  less  distinct.  For  a  long  ti 
existence  was  the  subject  of  controversy,  but  it  is  now 


Fitf,  1^4.— Astigtuiitio  chart. 
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a  muscle  is  present  in  the  fonn  of  a  layer  of  elongated 
ke  cells  which  lie  close  to  the  pigment  layer  of  the  iris  and 
al  bmidles  stretching  from  the  ciliary  border  of  the  iris 
le  pupillary  orifice.'*'  Both  of  these  muscles  are  supplied 
unic  nerve  fibers — ^that  is,  the  motor  nerve  path  comprises 
phonic  fiber,  arising  from  the  central  nervous  system, 
stganglionic  fiber,  arising  from  a  sympathetic  ganglion. 
aUy  it  can  be  shown  that  the  sphincter  muscle  is  supplied 
hort  ciliary  nerves  arising  from  the  ciliary  ganglion, 
pply  also  the 
f  accommoda- 
ciliary  muscle; 

dilator  muscle 
d  by  the  long 
rves  that  arise 
e     ophthalmic 

the  fifth  era- 
,  as  represented 
S.  The  entire 
f  the  motor 
^ganglionic  and 
onic  fibers,  is 
d  diagrammatr 
Fig.  136.  The 
rs  to  the  ciliary 
ind  sphincter 
ise  in  the  mid- 
the  nucleus  of 
he  third  cranial 
d  indeed  in  a 
iTt  of  this  nu- 
g  most  ante- 
liey  leave  the 
re  in  the  orbit 
rithin  the  sub- 
bhe  ciliary  gan- 
ence  the  path 
ed  by  sympa- 
postganglionic) 
iging  from  the 
n  the  short  ciliary  nerves 
ve  a  very  different  path. 

physiological  proof  and  the  literature  of  the  controverey  see 
d  Anderson,  "Journal  of  Physiology,"  13,  554,  1892.  For  the 
proof,  Grunert,  "Archives  of  Ophthabnology."  30,  377,  1901. 


Course  of  constrictor  nerve  fibers, , 
Course  of  dilator  nerve  fibers,-  - 


Fig.  135.— Diagrammatic  representation  of  the 
nerves  governing  the  pupil  (after  Fo»ter) :  II,  Optic 
nepre;  e.g,  ciliary  ganglion;  r.b,  its  short  root  from 
///.  motor  oculi  nerve ;  »ym.,  its  sympathetic  root ;  ri, 

its  long  root  from  V,  ophtha*  

thalmic  division  of   "    ' 


II  .         ..        _    ^ ^ 

^     ong  root  from  V,  bpKthalmonasal  branch  of  oph- 
fifth  nerve;    tx,  short  ciliary 


nerves;   /.c,  long  ciliary  nerves. 


The   fibers   to   the   dilator 
They  arise  also  in  the  brain, 
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most  probably  in  the  midbrain,  although  their  exact  origiQ 
not  been  deterraiEed  satisfactoril3%  and  pass  down  the  spiosJ 
cord  to  tenninate  in  the  lower  cendcal  region.  From  this  jxmhI 
the  path  is  continued  by  spinaJ  neurons  which  leave  the  cord  in  tbc 
eighth  cervical  and  the  first  and  second  thoracic  spinal  nen^es  aDd 
pass  by  way  of  the  corresponding  rami  communicantes  into  the 
sympathetic  chain  at  the  level  of  the  first  thoracic  ganglion.  From 
this  point  the  fibers  pass  upward  in  the  cer\ical  sympathetic  i 
out  terminating  until  they  reach  the  superior  cervical  ganglion 
the  base  of  the  skuU.  From  this  ganglion  the  path  is  contina 
by  sympathetic  (postganghonic)  fibens  which  pass  to  the  Gasaei 
ganglion  and  unite  with  its  ophthahiiic  branch.  Subsequen 
they  leave  the  ophthalmic  nerv^e  in  the  long  ciliary  branches.  Thi 
fibers  under  normal  conditions  are  in  conBtant  (tonic)  activity, 
that  if  the  path  is  interrupted  at  any  point — by  section  of  the  ceil 


Uassertajt 


\i'^ 


^  Q^htki/mU  hmmJiif^  Ly^ 


ciLta 


/     nerve. 


T  diary  Turvci 


Fig.  13fl.^-Sch«ma  nhowiiis  the  path  of  the  preganglionk  And  poatganriionic  1 
lo  tbe  ^iary  muscle  and  to  the  sphintster  and  dilator  niii»oles  of  th«  irts, — (Modified  I 
ScAuUii.)     The  eourae  of  the  long  oiHary  neones  ie  represented  very  diAgraoLmihlieill^ 

cal  sympathetic,  for  instance^ — the  pupil  is  seen  to  contract.    1 
constant  activity  may  be  referred  directly  to  the  activity  of 
spinal  neurons  whose  cells  lie  in  the  spinal  cord  in  the  lower  ce; 
and  upper  thoracic  region.    The  cells  in  question  constitute  i 
is  sometimes  called  the  lower  ciliospinal  center  of  Budge. 

The  Accommodation  Reflex  and  the  Light  Reflex  of 
Sphincter  Muscle. — When  the  eye  is  accommodated  for  a 
object  by  the  contraction  of  the  ciliary^  muscle  there  is  alwajf 
simultaneous  contraction  of  the  sphincter  pypillae  whereby 
pypiJ  is  narrowed.    The  act  is  one  of  obvious  value  in  >ision, 
by  diaphragming  down  the  lens  the  focus  is  improved  and 
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exact  vision,  such  as  is  needed  in  close  work,  is  obtained.  The  act 
is  usiuJly  spoken  of  as  the  accommodation  reflex^  but  in  reality  it 
iB  rather  what  is  known  as  an  associated  movement.  The  voluntary 
effort  inaugurated  in  the  brain  affects  the  cranial  centers  for  both 
mosdes,  and  under  normal  conditions  they  always  act  together, — 
a  fact  which  impliesa  close  connection  of  their  centers.  An  example 
of  a  similar  associated  action  is  seen  in  the  effect  of  the  respirator}*^ 
movements  on  the  rate  of  heart  beat,  the  inspiratory  discharge 
from  the  respiratory  center  being  accompanied  by  an  associated 
elect  upon  the  cardio-inhibitory  center  whereby  the  heart  rate 
is  quickened.  In  the  particular  case  that  we  are  dealing  with 
thiee  muscular  acts,  in  fact,  are  usually  associated,  for  every  act 
cf  accommodation  imder  normal  circumstances  is  accompanied 
not  only  by  a  constriction  of  the  pupil,  but  also  by  a  convei*gence 
of  the  eyeballs,  due  to  a  contraction  of  the  internal  rectus  muscle 
in  each  eye. 

The  light  reflex  is  observed  when  light  is  thrown  into  the  eye. 
As  is  well  known,  the  pupil  dilates  in  darkness  or  dim  lights  and 
contracts  to  a  pin-point  upon  strong  illumination  of  the  retina. 
The  value  of  this  reflex  is  also  obvious.  In  the  dim  light  the  total 
iSumination  and  therefore  the  visual  power  of  the  retina  is  aided 
by  an  enlarged  pupil,  but  in  strong  lights  the  illumination  may  be 
dimimshed  with  advantage  by  diaphragming,  since  the  optical 
inage  on  the  retina  is  thereby  improved  on  account  of  the  diminu- 
tion in  spherical  aberration.  The  reflex  arc  involved  in  this  act  is 
known  in  part.  The  afferent  path  is  along  the  optic  nerve;  the 
afferent  path  back  to  the  sphincter  is  through  the  third  nerve 
find  ciliary  ganglion;  injury  to  either  of  these  paths  diminishes  or 
destroys  the  reflex.  The  reflex  is  also  lost  in  some  cases  in  which 
iJeither  of  these  paths  seems  to  be  involved.  In  tabes  dorsalis 
(locomotor  ataxia)  and  general  paresis,  for  instance,  the  pupil 
tf  the  eye  is  constricted  and  does  not  give  the  light  reflex,  but 
•tiD  shows  the  accommodation  reflex.  Such  a  condition  is  known 
^  the  Ai^U  Robertson  pupil.  Some  question  exists,  there- 
fore, as  to  the  nature  of  the  coimections  in  the  brain  between  the 
tferent  impulses  and  the  motor  center  in  the  nucleus  of  the  third 
lierve.  According  to  some  authors  (Gudden,  v.  Bechterew),  the 
•ferent  light  reflex  fibers  are  a  set  of  fibers  distinct  from  the  visual 
fibers  proper.  They  arise  in  the  retina  and  pass  backward  in  the 
optic  nerve,  but  leave  the  optic  tracts  at  the  chiasma  to  enter  the 
wUs  of  the  third  ventricle  and  thus  reach  the  nucleus  of  the  third 
nerve.  This  view,  however,  finds  no  support  in  the  histological 
ftructure  of  the  retina.  Under  normal  conditions  the  light  reflex 
B  bilateral, — that  is,  light  thrown  upon  one  retina  only  will  cause 
onstriction  of  the  pupil  in  both  eyes.    In  those  of  the  lower  ani- 
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mals  whose  optic  nerves  cross  completely  in  the  chiasma 
reflex,  on  the  contrary,  is  unilateral,  affecting  only  the  eyei 
is  stmiiilated.*  We  may  conclude,  therefore,  that  the  bUated 
of  the  reflex  in  the  higher  aixinials  is  dejx^ndent  iijxjn  the  pi^ 
decussation  of  the  optic  fibers  in  the  cliiasma,  a  senscin^  stifll 
upon  one  retina  giving  rise  to  impulses  wliich  are  conveyed  tN 
two  sides  of  the  brain.  It  is  possible,  however,  that  in  ad(| 
commissural  comiections  may  exist  between  the  central  comiecl 
— the  motor  centers  in  the  midbrain.  It  m  usually  stated 
the  effect  of  the  light  ujx^n  the  sphincter  muscle  is  greatest  \ 
the  retina  is  stimulated  at  or  near  the  fovea  and  that  it  i^ 
directly  ^ith  the  intensity  of  the  light  and  the  area  iUuminaj 
The  Action  of  Drugs  upon  the  Iris. — ^The  condition  ofi 
striction  of  the  pupil  is  frequently  designated  as  miosis  (mi-o 
and  the  condition  of  dOatAiion  as  mydriajsis  (myd-ri'-a^is). 
drugs  are  known  which,  when  applied  directly  to  the  ahsoi 
surfaces  of  the  eye  or  when  injected  into  the  circulation, 
the  muscles  of  the  iris  and  therefore  var>^  the  size  of  the 
Those  drugs  tliat  cause  miosis  are  spoken  of  as  miotics,  and 
that  produce  mydriasis  as  mydriatics.  Atropin,  the  active  j 
ciple  of  l>elladonna,  homatropin,  and  cocain  are  well-known  j 
riatics,  while  physostigmin  (eserin)  and  muscarin  or  pilocar|H^ 
examples  of  the  miotics.  There  has  l>eeii  much  question  as  d 
precise  action  of  these  drugs.  For  an  adequate  discussion  m 
question  the  student  Is  referred  to  works  on  pharttiacologr;| 
it  maybe  said  that  the  evidence  from  the  physiological  sidej 
cates  that  atropin  causes  mydriasis  by  paralyzing  the  em 
the  constrictor  nen'^e  fibers  in  the  sphincter  muscle,  while 
sostigmin  and  muscarin  cause  miosis  by  stimulation  of  the 
of  these  same  fibers. S  In  the  case  of  cocain  it  is  probable 
drug  first  stimulates  mainly  the  endings  of  the  dilator  fibers  ij 
dilator  muscles,  and  in  stronger  doses  causes  additional  my^ 
by  paralyzing  the  constrictor  fibers.  ITie  stronger  mydri 
paralyze  not  only  the  sphincter  pupilliP,  but  also  the  am| 
inner\'ateil  ciliars'  muscle,  thus  destroxing  the  powder  of  a^ 
modation.  When  atropin  is  applied  to  the  eye  the  individi 
unable  to  use  his  eyes  for  near  work — reading,  for  example-H 
the  effect  of  the  dmg  has  worn  off.  In  ophthalmological  litei^ 
this  condition  of  paralysis  of  the  ciliaj>^  muscle  is  spoken  i 

*  StdoAcfa,  "  Archiv  f,  d.  mAmmte  Physiolo^e/'  47,  313,  1S90. 

tSee  Abmorff  and  FeilcbciifeU,  '^Z^tacfanft  f.  Psvcbolope  tmd 
loloKie des Simmomop."  34.  Ill,  1951, 

ISehuUx.  '*AtcIiiv  f.  Phvsiokigic, "  189gt,  47. 

I  Acfordintf  to  Landey,  **  JoutoaI  of  Fhymokagy, 
ubtiug  or  pm^miig  eoWt  of  suoli  drum  m  due  to  ai 
lominsils,  bitt  on  a  afiecaal  receptive  flwnsittiioe  m  the  mi 


30.  235, 1909,  ihi 
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yclopl^ia,  and  most  of  the  mydriatic  drugs  are  also  cycloplegics. 
In  the  contrary  y  the  stronger  miotics  stimulate  the  ciliary  muscle, 
id  therefore  during  their  period  of  action  throw  the  eye  into  a 
iodition  of  forced  accommodation. 

The  Balanced  Action  of  the  Sphincter  and  Dilator  Muscles 
the  Iris. — ^It  would  seem  that  under  normal  conditions  both  the 
lincter  and  the  dilator  muscle  are  kept  more  or  less  in  tonic 
ivi^  by  impulses  received  through  their  respective  motor  fibers. 
67  tiius  balance  each  other,  to  speak  figuratively,  and  a  mechan- 
i  of  this  kind  in  which  two  opposing  actions  are  in  play  is  in  a 
idition  to  respond  promptly  and  smoothly  to  an  excess  of  stimu- 
ion  from  either  side.  The  two  muscles,  in  fact,  act  as  antago- 
te  in  the  same  manner  as  the  flexor  and  extensor  muscles  around 
oint.  At  the  same  time  this  relation  adds  some  difficulties  to 
explanation  of  specific  reactions,  since  it  is  evident  that  a  dila- 
km  of  the  pupil  may  be  caused  either  by  a  contraction  of  the 
itor  muscle  or  a  loss  of  tone  (inhibition)  in  the  sphincter,  while 
xmstriction  of  the  pupil  the  effect  may  result  either  from  a  con- 
rtion  of  the  sphincter  or  an  inhibition  of  the  dilator;  or,  lastly, 
contraction  of  one  muscle  may  always  be  accompanied  by  an 
ibition  of  its  antagonist,  as  is  supposed  to  be  the  case  with  the 
or  and  extensor  muscles  of  the  limbs  (law  of  reciprocal  in- 
?ation).  Anderson*  has  given  some  evidence  to  show  that  the 
ktation  of  the  pupil  in  cats  is  due  to  a  double  action  of  this 
t,  the  pupillodilator  muscle  contracting  first  and  subsequently 
tone  of  the  constrictors  suffering  an  inhibition.  Alterations 
ihe  size  of  the  pupil  take  place  not  only  under  the  conditions 
cribed  above — namely,  the  light  and  the  accommodation 
ex  and  the  action  of  drugs — but  also  under  many  other  cir- 
Qstances,  normal  and  pathological.  In  sleep,  for  instance, 
eyes  roll  upward  and  outward  and  the  pupils  are  constricted. 
5  miosis  in  this  case  may  be  due  to  a  cessation  in  tonic  activity 
the  part  of  the  dilator  muscle,  or  to  an  increased  tonus  of  the 
incter  muscle.  The  latter  explanation  is  strengthened  by  the 
t  that  experiments  indicate  that  during  the  waking  period  the 
us  of  the  cranial  center  controlling  the  sphincter  is  kept  under 
ibition  by  the  inflow  of  sensory  impulses.  During  sleep  this 
tral  inhibition  diminishes  or  disappears.  Emotional  states  also 
ct  the  size  of  the  pupil  and  thus  aid  in  giving  the  facial  expres- 
s  characteristic  of  these  conditions.  Writers  speak  of  the 
dilating  with  terror  or  darkening  with  emotions  of  deep  pleas- 
This  pupillary  accompaniment  of  the  emotional  states  may 
r  even  when  it  is  a  matter  of  memory  rather  than  immediate 

*  "Journal  of  Physiology,"  30,  15.  1903. 
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experience.  The  explaiiation  of  this  mydriasis  can 
tained  by  experiment*  So  far  as  tlie  pliysiological  mechanic 
concerned,  it  may  be  explained  either  by  a  stimulation  of  thid 
muscle  or  by  an  inhibition  of  the  tonus  of  the  constjictor  ni 
In  favor  of  the  latter  ex|>lanation  we  have  the  fact  that  8til 
tion  of  the  cortex  cerebri  causes  dilatation  when  the  dilator 
tire  severed. 

Intraocular  Pressure* — The  hquids  in  the  interior  o 
eye  are  normiilly  under  a  pressure,  the  average  value  of 
may  be  estimated  at  25  mms.  of  mercur>^  In  consequej 
thm  interna!  pressure  the  eyeball  is  tense  and  its  external  si 
includLng  the  cornea,  shows  a  regular  curvature.  It  is  ol 
that  folds  or  creases  in  the  cornea  would  entirely  destroy  it 
fulness,  so  far  as  the  formation  of  an  image  is  concerned. 
amount  of  the  intraocular  pressure  may  be  measured  by  thr 
a  tubular  needle,  properly  connected  with  a  manometer,  ill 
anterior  chamber  of  the  eye.  The  liquid  in  the  interior  j 
eyeball  may  be  considered  as  tissue  lymph,  and  like  the  I 
elsewhere  it  is  derived  from  the  blood-plasma.  Investi| 
has  shown  that  the  lymph  is  formed  in  the  ciliar>*  processe 
in  this  as  in  other  cases  there  is  a  difTerence  of  opinion  as  to  wl 
the  production  is  due  to  so-called  secretory-  or  to  mec'h 
causes,  such  as  filtration.*  We  may  suppose  that  the  liquid 
into  the  eye  through  tht*  vessels  in  the  ciliary  processes,  aC 
the  other  liand,  drains  off  or  is  al»sorl)ed  at  the  angle  of  the  an 
chand)er  through  the  vein  known  as  the  canal  of  Schlemm. 
intraocular  pressure  rises  until,  under  it^  infiuenee,  the  ot 
just  balances  the  inflow.  It  is  evident  from  this  point  of 
that  intraocular  pressure  will  be  increased  by  any  change 
wilt  augment  the  production  of  the  liquid  at  the  ciliary  proc 
such  as  a  rise  of  blood-pressure,  or  by  any  interference  wit 
outflow,  such  as  might  arise  from  a  blocking  of  the  cai 
Schlemm,  Certtiin  pathological  conditions  (glaucoma)  are 
acteriKcd  l>y  an  almonnally  high  intraocular  tension,  the  i 
ence  from  the  normal  being  such  that  it  i&  easily  re 
])ressure  with  the  fingers. 


recQ^^ 


Methods  of  Determinmg  the  Refraction  of  the  Eye, — The  ocM 
of  the  eyp  as  reganis  its  refrai-tioii  may  be  fU-tenrimttl  by  the  uae  off 
charts  find  a  HiTifi^  of  splipriral  uiid  cylindrical  lenses.  The  nm 
such  a  methcMi  depend  largely  yjKin  the  HliiteTnenfH  of  th*^  .----  — 
is  to  8ay»  they  are  largely  subjective.  A  nimiher  of  Instnii:. 
devised,  however,  by  nteaiw  cjf  which  the  refraction  of  the  eye  i „, >  -^s.  , 

'        1 

*  F(»r  discussion  nnd  literature,  b(H'  Henderson  and  SlArlkkiEr  "R 
m^  Royal  Society,"  UHWx,  B.  vnl.  77;  Hill  and  Flack,  ikid,,  vol,  8$,  n 
Henderson,  ''Glayeonia/*  Ijoixdoiij  1910. 
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Y  objective  way,  so  far  as  the  patient  is  concerned.  The  most 
of  these  instruments  are  the  opnthahnoscope,  the  retinosoope  or 
and  the  ophthahnometer.  A  brief  description  is  given  of  each  of 
uments,  but  for  the  numerous  practical  details  necessary  to  their 
use  reference  must  be  made  to  special  manuals. 
hthaltnoncape. — ^The  light  that  f sills  into  the  eye  is  partly  absorbed 
cJc  pigment  of  the  choroid  coat,  and  is  partly  rdSected  hack  to  the 
rhis  latter  portion  is  reflectea  back  in  the  direction  in  which  it 
Merely  holdmg  a  light  near  the  eye  does  not,  therefore,  enable  us  to 
rior  more  clearly,  since  in  order  to  catch 
Dgra3r8  in  our  own  eye  it  would  be  neces- 
erpoee  the  head  between  the  source  of 
he  observed  eye.  If,  however,  we  could 
le  light  to  enter  the  observed  eye  as 
proceeded  from  our  own  eye,  then  the 
"ays  would  be  perceived,  and  with  suf- 
Qunation  the  bottom  or  fundus  of  the 
ye  might  be  seen.  Arguing  in  this  way 
constructed  his  first  form  of  the  oph- 
)e  in  1851.  The  value  of  the  ophthal- 
3  twofold:  It  enables  the  observer  to 
te  int^or  of  the  eye  and  thus  recognize 
mditions  of  the  retina;  it  is  also  useful 
tg  abnormalities  in  the  refractive  sur- 
B  eye.  The  principle  of  the  instrument 
lesented  in  the  original  form  devised  by 
,  as  shown  schematically  in  Fig.  138,  A. 
s  the  observed  eye  and  II  the  eye  of  the 
Between  the  two  eyes  is  placed  a  piece 
^ed  at  an  angle.  Light  from  the  can- 
upon  this  glass  is  in  part  reflected  from 
B  to  enter  eye  /,  and  these  rays  on 
rom  the  eye  along  the  same  line  pass 
le  glass  in  part  and  enter  e^e  //.  In 
e  plane  unsilvered  glass  it  is  now  cus- 
use  a  concave  mirror  with  a  small  hole 
B  center^  the  observer's  eye  being  placed 
hind  this  hole.  Such  an  instrument  is 
Sg.  137.  The  instrument  is  used  in  two 
m  as  the  direct  and  the  indirect  method. 
ct  method  the  mirror  is  held  very  close 
srved  eye,  and  the  paths  of  the  rays  of 
and  out  of  the  eye  are  represented 
Hy  in  Fig.  138,  B.  The  light  from  a 
>m  an  electrical  bulb  placed  within  the 
he  ophthalmoscope  (Fig.  137)  is  caught 
lirror  and  is  thrown  into  the  eye,  the 
g  to  a  focus  and  then  spreading  out  so 
a  diffuse  illumination  of  the  fundus, 
r  surface  may  now  be  considered  as 
is  object    sending    out  ra^s  of  light. 

y  three  objects  on  the  retina,  A,  iJ,  C,  it  is  apparent  that  if  eye 
unetropic  eye,  these  points  are  at  the  principal  focal   distance. 

Ksent  from  each  alter  emerging  from  the  eye  are  in  parallel 
ese  rays  penetrate  the  hole  in  the  mirror  and  fall  into  the  ob- 
j  as  though  they  came  from  distant  objects.  If  the  observer's  eye 
aetropic,  or  is  made  so  by  suitable  glasses,  these  bundles  of  rays 
fled  on  his  retina  without  an  act  of  accommodation.  He  must,  in 
long  through  the  mirror,  gaze,  not  at  the  eye  before  him,  but,  re- 
coommodation,  gaze  through  the  eye,  as  it  were,  into  the  distance. 
'  he  will  see  the  portion  of  the  retina  illuminated,  the  image  of  the 


Fig.  137.— De  Zeng  electric 
ophtbalmoeoope.  The  electric 
light  in  contained  in  the  handle 
of  the  instrument  and  its  light 
is  concentrated  on  the  mirror 
by  a  lens  seen  at  the  top  of  the 
handle.  Back  of  the  mirror 
is  a  rotating  disc  with  plus 
and  minus  lenses  of  different 
powers. 
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objects  fi<?eQ  being  inverted  on  his  owe  retina  and  therefore  projected  or 
erect.     If  the  observeti  eye  is  myopic  its  retina  is  farther  back  tlian  the 
cipal  focufl  of  its  refracting  surfaces;  consequently  the  rays  sent  out  from 
illuminated  retina  emerge  in  converging  bundles    and  caimot  be  focu«d 
the  retina  of  the  observer's  eye.     By  inserting  a  concave  lens  of  proper 
between  liia  eye  and  the  mirror  the  observer  can  render  the  rays 
thus  bring  out  the  iniage.     From  the  power  of  the  lens  used  the  < 
opia  may  be  estimated.     Juist   tlie  reverse   happens   if   the   observi 
hypermetropic.     In  such  an  eye  the  retina  is  nearer  than  the  principal  f( 

A  B 


^^^-A 


FiK.  11^. — Di&KTnmA  to  repmaeni  the princiftle  of  the  ophthftlmoscxype :  A,  Hw 
inal  rorm  of  ophthoIoiOiiOopeT  cotuiatirig  ol  a  piecii  of  gtfttui,  M,  iacJlned  at  *  saiubltii 
The  myH  from  tlie  aouree  of  light  are  retiect«d  into  the  obtenred  eye,  /.and  tbeaee  n 
aJonjE  the  Kume  lines  paAfling:  through  M  to  reach  the  observer's  eye»  //.  fi.  tbt  d 
method  with  the  ophtlialmoscupic  mirror.  The  my»  of  hght  iliuDoinate  the  fundo*  d 
obd»erved  eye,  /,  and  theace  paff9  out  in  parallel  rays,  if  the  eye  is  emmetropic,  to 


cibMi^rver'a  rye«  //.     C,  the  indiriH?!  method  with  oplithalnioiicopic  mirror  and  in! 
Ien<i.     The  ray»  of  Ughtred  \\xi,e»  are  bruuKtit  to  a  locua  within  the  aaterior  chai 
eye  and  thimce  divetgo  to  *nve  a  geweral  illumination  of  the  interior  of  the  ey 
nf  light  are  iradicatvd  fur  a  single  point,  b.     At  a\  t/.  &,  a  real  iovt 


returning  rays  nf  i-„ „--  ^ ,  _.     ,_..,_  ., „ — 

of  a  portion  of  the  retina  ia  formed  in  the  air,  whirh  in  turn  la  focuBed  ou  the  wttM  •  ■ 
obeerverV  eye, 


distance  of  the  refractive  surface;  consequently  the  light  emitted  f rom  i 
retina  emergen  in  bundles  of  diverging  rays  wfiich   cannot   be  brought  ^ 
focuR  on  the  retina  of  the  observer  unless  lie  exerts  his  own  power  of  a< 
modation  or  interposes  a  ronvex  lens  betwepn  his  eye  and  the  mirror. 

The  inrfiVf d  method  at  using  the  ophthalmoscope  ip  represented  in  1 
138,  C-     The  mirror  is  held  at  some  distance,  at  arm's  length,   from  the  ( 
served  eye.  /,  while  just  before  this  eye  a   biconvex    len*^   of   short    foci 
placed.     As  shown  in  the  diagram  by  the  red  lines,   the   reflect €h1   Hjfhl 
the  mirror  comes  to  a  foriis  and  then  diverj^in^  falls  upon  the  b  icon  vet 
This  lens  brinies  the  rays  to  a  focus  at  or  near  the  eye.  whence  i 
diverge  and  light  up  the  retina  with  a  diffuse  illumination*     The 
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this  retina  is  in  turn  sent  back  toward  the  mirror,  its  path  being  indicated  for 
the  point  b  by  the  black  lines.  If  the  eye  is  emmetropic  the  rays  from  this 
point  emerge  parallel,  and  failing  upon  the  biconvex  lens  are  brought  to  a 
focus  at  I/,  Similarly  the  rays  from  a  will  be  brought  to  a  focus  at  a'  and 
from  c  at  cf.  Consequently  there  will  be  formed  in  the  air  an  inverted  image, 
ud  it  is  at  this  image  that  the  eye  of  the  observer  ^azes  through  the  hole  in 
the  mirror.  This  image  forms  its  image  on  the  retma  of  the  observer's  eye, 
IS  represented  in  the  (Sagram  at  a",  6",  c",  and  is  projected  outward  or  seen 
b?erted  as  regards  the  original  position  of  the  points  m  the  retina  of  eye  /. 
The  indirect  method  is  the  one  usually  employed  in  ophthalmoscopic  exam- 
iostions  of  the  retina.  It  sives  a  larger  field  than  the  direct  method,  although 
the  objects  seen  are  of  smafler  size. 

The  Retinoscope  or  Skiascope. — When  one  reflects  a  spot  of  light 
upon  a  wall,  any  movement  of  the  reflecting  (plane)  mirror  is  followed  by  a 
movement  of  the  reflected  spot  in  the  same  direction.  So  if  the  fundus  of  the 
eye  is  illuminated  by  a  plane  mirror  provided  with  a  peep-hole,  the  observer 
looking  through  this  hole  may  see  a  spot  of  light  reflected  from  the  retina 
ud  can  determine  whether  the  spot  moves  in  the  same  direction  as  the 
mirror  or  against  it.  If  the  eye  under  observation  is  normal  (emmetropic), 
then  the  rays  of  light  starting  n^m  the  retina  will  emerge  in  parallel  bundles, 
once  the  retina  lies  at  the  prmcipal  focal  distance,  and  as  the  mirror  is  tilted 
from  side  to  side  the  illuminated  spot  moves  in  the  same  direction.  By  placing 
a  convex  lens  of  suitable  focus  in  front  of  the  observed  eye  we  can  cause  the 
emerging  parallel  rays  to  come  to  a  focus  and  cross  before  reaching  the  ob- 
•fver'seye.  In  such  a  case  the  movements  of  the  spot  of  light  upon  the  retina 
'ill  be  against  those  of  the  mirror.  For  example,  let  us  suppose  that  the 
observing  eye  is  placed  just  1  meter  away  from  the  eye  observed,  then  if 
^put  in  front  of  the  latter  a  convex  lens  of  1.25  D.  the  emerging  rays  will  be 
focused  at  a  point  25  ctm.  in  front  of  the  observer's  eye  and  the  movements 
|rf  the  spot  of  light  will  be  against  the  mirror.  A  lens  of  less  than  1  D.  placed 
in  front  of  the  observed  eye  would  not  bring  the  rays  to  a  focus  in  front  of 
the  observer's  retina,  consequently  the  movements  of  the  spot  would  be  with 
the  mirror.  Assuming  that  we  are  dealing  with  an  emmetropic  eye,  it  can 
he  shown  that  at  the  distance  mentioned  (1  meter)  any  lens  of  less  than 
1  p.  placed  in  front  of  the  eye  leaves  the  movements  with  the  mirror, 
irhiie  any  lens  of  more  than  1  D.  gives  movements  against  the  mirror. 
Consequently  a  lens  of  just  1  D.  would  mark  the  exact  "point  of  rever- 
*1."  With  a  lens  of  this  power  the  focus  would  fall  theoretically  just  on  the 
observer's  retina.  In  siicn  a  case  any  movement  of  the  mirror  would  be 
oliowed  by  the  appearance  or  disappearance  of  the  spot,  but  no  direction  of 
movement  would  oe  perceived.  The  movements  of  the  spot  of  light  formed 
*pon  the  retina  by  the  retinoscopic  mirror  may  be  used  to  determine  all  the 
fvnona  abnormalities  of  refraction  of  the  eye  according  to  the  following 
|Boeral  schema :  The  observer  sits  at  a  fixed  distance,  say  1  meter,  from 
w  patient,  and  determines  whether  the  reflected  spot  from  the  illuminated 
jndug  moves  with  or  against  the  mirror.  If  the  movement  is  with  the  mirror, 
hen  the  eye  under  observation  is  either  normal  or  hyperopic  (or  if  myopic 
he  myopia  is  less  than  1  D.).  By  placine  convex  lenses  in  front  of  the  eye 
he  observer  seeks  for  the  point  of  reversal.  If  this  point  is  given  by  a  lens 
•f  +  ID.,  then  the  eye  under  examination  is  emmetropic  ;  if  a  stronger  lens 
i  reared  the  eye  is  hyperopic,  that  is,  the  emerging  rays  are  divergent  and 
equire  a  stronger  lens  to  bring  them  to  a  focus  before  reaching  the  oBscrver's 
y«.  In  the  latter  case  the  amount  of  hyperopia  is  obtained  by  ascertaining 
be  strength  in  diopters  of  the  lens  required  to  just  reverse  the  movement 
nd  subtracting  1  D.  from  it,  since  the  latter  amount  is  required,  at  a  distance 
f  1  meter,  to  get  reversal  with  the  normal  eye.  If  the  reversal  is  given  by 
convex  lens  of  less  than  1  D.,  then  the  eye  is  myopic  to  an  extent  less  than 
D.  When  the  movements  of  the  spot  of  light  are  against  the  mirror 
wn  the  beginning,  then  the  observer  is  dealing  with  a  myopic  eye  (the  myopia 
sng  greater  than  1  D.).  To  reverse  the  movement  it  is  now  necessary  to 
loe  concave  lenses  in  front  of  the  observed  eye  until  the  point  of  reversal 
obtained,  that  is,  until  the  focus  of  the  emerging  rays  falls  behind  the 
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retina  of  I, he  observer.  The  concave  lens  necessary  to  give  this  result,  pi 
for  distance,  gives  the  extent  of  the  myopia  in  diopt-ers.  With  astj 
eye«  the  point  of  reversal  may  be  dt?terniined  for  tlie  different  me 
ol*  the  eye,  the  tiujvementa  of  the  mirror  being  in  the  same  meridiai 
the  character  of  the  retiected  apot  and  tlie  pomta  of  reversal  it  is  t 
with  the  retinoficope  to  determine  the  principal  meridianB,  and  the  dll 
in  refraction  between  them,  that  m,  tlie  degree  and  the  axis  of  the  astign 
The  Ophthaknometer.—The  ophthalmometer  is  an  instrumc 
measuring  the  curvature  of  the  refracting  Aurfacea  of  the  eye.  As  a 
applied  in  practise  it  is  arranged  eepecially  for  measuring  the  cur 
of  the  cornea  along  its  different  meridians.  The  point  for  which  the 
ment  is  designed  is  to  obtain  the  size  of  the  image  reflected  from  the  • 
surface  of  the  cornea.  Any  luminous  object  placed  in  front  of  the  eye  ii 
a  reflected  image  from  the  romea  as  from  the  surface  of  a  con%'ex  , 
If  the  size  of  the  object  and  its  distance  from  the  cornea  are  known  n 
size  of  the  corneal  image  is  detenniner!.  then  the  nwiius  of  pur\'aturp 

2  ni    ,         . 
cornea  La  given  bv  the  equation  r  =         ,^„  in  which  prepresenta  tbedtsti 


C=3 


Fis.  I39.^^che[]u  to  mdiente  the  g^cner&l  prtTU^Ipt^  of  th«*  ophtfaalmoiDiel 
Tflocope  to  observe  the  reflected  iniR(f**s  from  the  comea ;  -4  and  B.  the  tAi^U « 
in  (he  nhidd  at  a  known  diBtanc«  ap&rt  who-ip  imaffiMi  are  ret1e€t«'d  from  iht  t^ 
and  bt  the  reflected  iiiuiiEes  of  A  mud  B  on  the  cornim.     Th«  difittttioe  0-6  has  to  bedcU 

the  object  from  the  cornea,  tt  the  size  of  the  corneal  image,  and  #»,  t 
of  the  object.  For  example,  let  A  and  B  in  Fig.  139  be  two  luminou 
arranged  on  the  arc  of  a  circle.  If  placiHl  in  front  of  the  cornea  > 
will  give  a  reflected  image  a  and  h,  which  may  be  observed  by  xm 
tlie  telescope  T,  The  distance  between  A  and  B  represents  the 
the  object  and  the  distance  between  a  and  6  the  sixe  of  the  imafe. 
latter  factor  m  determined  by  means  of  the  telescope,  A  scale, 
stance^  might  be  placed  in  the  eye-piece  of  the  telescope  and  the  d 
a~h  be  determined  in  terms  of  itsj^dtiation.  This  valuation  might' 
oonverted  into  millimeters  by  subatituting  a  scale  for  the  comea  and  me 
off  upon  it  the  observed  distance  in  the  eye-pjece  scale.  If  the  arc  c 
^B  is  arranged  so  that  it  may  be  rotated  it  Ib  ob%dons  that  the  vAtt 
corneal  images  may  be  meawured  for  the  different  meridians  and  thiw 
one  to  compare  tlieir  curvatures.  In  modem  instruments,  such  as  ir 
sented  in  Fig.  140,  the  himinous  areas,  known  as  targetsor  mires,  are  pla 
spherical  shield  which  may  be  rotated  around  the  axis  of  the  telescopt 
sfiield  has  a  radius  of  cun^attire  of  0.35  meters  and  its  center  of  rot* 
approximately  coincident  with  that  of  the  cornea  when  the  eye  i 
proper  position.     The  reflected  images  of  the  mires  from  the  surface 


Hmue  of  which  in  dioptt»rs  or  in  radii  of  curvature  is  read  ofT  UDon  the 
^wment.  The  instruraent,  therefore,  when  once  cahliraied  enablt^s  one 
»fead  oflF  at  once  the  radii  of  curvature  for  the  different  merithans  and  thue 
fetaTnine  the  axis  and  degret'  of  astigmatism.  It  should  be  added  that 
ot  mstntment  gives  only  the  curvatures  and  degree  of  astigmatism^  if  any 
^i*t3,  of  the  cornea,  and  is  therefore  of  no  imnieSate  service  in  determining 
^  total  astigmatism,  that  ie,  the  aatigmatiam  of  cornea  and  lens  acting 
father. 


CHAPTER  XVin. 

THE  PROPERTIES  OF  THE  RETINA--VISUAL  STIHUIlJ 
AND  VISUAL  SENSATIONS. 

The  Portion  of  the  Retina  Stimulated  by  Light. — ^The  non 
Btimulus  to  the  seiLsoty  cells  in  the  retina  Ls  found  in  the  \ibmli 
of  the  ether,  the  waves  of  light.     When  sunlight  is  passed  throuM 
prism  the  waves  of  different  lengths  are  dispersed^  and  those  cap 
of  stimulating  the  retina  form  the  visible  spectrum  extending  fe 
red  to  violet.    The  hmits  of  the  sj^ectmm  are,  on  the  one  hand.i 
extreme  red  ra>^s  with  a  wave  length  of  7600,  measured  in  ,' 
Strom  units    (1  An  =   uimomi  nini.),  and,  on   the  other,  the 
treme  violet,  having  a  wave  length  of  alK>ut  3900.     The  parti 
the  retina  stimulatetl  by  these  vibrations  is  supposed  to  be  the  lay 
of  rods  and  cones.    To  reach  these  structures  the  light  must  pa^ 


Fi£.  1 41  .—To  dernoiiRtraee  th«  bliiid  spot.  Fix  the  ceater  of  th«  croaa  with  tht  i 
«ve,  theti  move  the  book  rIowIv  to  or  from  the  face.  At  a  certain  distAnoe  iht  ia^ 
Ine  large  cirtle  to  the  right  will  disappear.  At  thin  diBtnaaoe  ih»  imAge  of  tlie  eirdtl 
on  the  QpUc  dine. 

through  the  other  layers  of  the  retina.  That  the  rods  and  cones  f 
the  stnictiires  that  react  to  the  light  stimulation  is  indicated! 
their  Btnictu re  and  their  connections  and  by  such  facts  as  thefo 
ing:  Under  certain  conditions,  ivhich  are  described  beJow, 
shadows  of  the  retinal  vessels  and  the  contained  corpuscles  may! 
seen,  a  fact  which  indicates  that  the  ]>erceiving  structures  lie  i 
temall>^  to  these  vessels.  In  the  fovea  centralis,  in  which  ^isionj 
most  perfect,  the  layers  of  the  retina  are  thinned  out  until  practi 
only  the  rods  and  cones  remain  to  be  acted  upon.  That  the  ( 
nenT  fibers  themselves  are  not  acted  upon  by  light  waves  is  [ 
by  the  existence  of  the  blind  spKJt,  The  termination  of  the  < 
nerve  within  the  eyeball,  the  optic  disc,  lies  about  15  degrees  to  t 
nasal  side  of  the  fovea  and  has  a  diameter  of  about  1.5  nuns, 
this  point  the  nerve-fibers  spread  out  over  the  rest  of  the  optic  ( 
to  form  the  internal  layer  of  the  retina.  But  the  optic  disc  itaelf  bi 
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Elo  retinal  structure,  and  light  that  falls  upon  it  is  not  perceived. 
The  presence  of  this  blind  spot  in  our  visual  field  is  easily  demon- 
Btiated  by  the  experiment  illustrated  and  described  in  Fig.  14L 
InUie  visual  field  for  each  eye,  therefore,  there  is  a  gap  representing 
the  projection  of  the  area  of  the  optic  disc  to  the  exterior,  the  size 
d  l^e  gap  increasing  with  the  distance  from  the  eye.  We  do  not 
iX)tioe  this  deficiency,  inasmuch  as  it  exists  in  our  indirect  field  of 
^on  (see  below),  in  which  our  perception  of  form  is  poorly  de- 
veloped; so  that  any  disturbance  in  outline  that  might  result  in  the 
retinal  imag^  of  external  objects  is  imperceived.  Morever,  the 
portion  of  the  external  world  that  falls  on  the  blind  spot  of  one  eye 
hib  on  the  retinal  field  of  the  other,  and  is  thus  perceived  in  binoc- 
ular vision.  It  is  to  be  borne  in  mind,  also,  that  the  projection  of 
the  blind  spot  does  not  appear  in  the  visual  field  as  a  dark  area;  it 
b  simply  an  absent  area,  so  that  no  gap  exists  in  our  consciousness  of 
the  spatial  relations  of  the  visual  field;  the  margins,  so  to  speak,  of 
thehde  come  into  contact  so  far  as  our  consciousness  is  concerned. 
The  Action  Current  Caused  by  Stimulation  of  the  Retina. — 
The  effect  of  light  waves  falling  upon  the  retina  is  to  set  up  a  series 
of  nerve  impulses  in  the  optic  nerve  fibers.  It  is  interesting  to 
fad  ihlt  these  impulses  aroused  in  a  sensory  nerve  by  a  normal 
illlfflBS  aie  attended  by  electrical  changes  similar  to  those  observed 
>  fibers  when  stimulated  normally  or  artificially.  The  fact 
1  the  view  that  the  electrical  change  is  an  invariable  ac- 
it  of  the  nerve  impulse,  if  not  the  nerve  impulse  itself. 
B  the  eye  is  excised  and  connected  with  a  galvanometer  or  capillary 
deetrometer  by  two  non-polarizable  electrodes,  one  placed  upon  the 
cut  end  of  the  optic  nerve  and  the  other  on  the  cornea,  the  usual 
demarcation  current  is  obtained  due  to  the  injury  to  the  optic  nerve. 
If  the  preparation  is  kept  in  the  dark  and  arrangements  are  made 
to  throw  a  light  through  the  pupil  upon  the  retina  the  galvanometer 
bdicates  an  electrical  change  or  current  whenever  the  light  is 
■dmitted.*  The  direction  of  the  current  in  the  eyeball  is  from  the 
fendus  to  the  cornea,  and  as  regards  the  pre-existing  demarcation 
eanent  it  is  in  the  same  direction  and  forms,  therefore,  a  so-called 
podtive  variation.  When  the  electrodes  are  placed  on  the  longi- 
tudinal and  the  cut  surface  of  the  optic  nerve,  then,  according  to 
Euhne,  the  electrical  response  to  light  is  a  negative  variation  similar 
to  that  described  for  stimulation  of  nerves  in  general  (p.  101).  Not 
mly  is  there  a  "light  response"  each  time  that  the  retina  is  stimu- 
ited  by  light,  but  there  is  a  similar  electrical  change,  a  "  dark  re- 
ponse/'  when  the  light  is  suddenly  withdrawn.  This  last 
iteresting  fact  would  seem  to  indicate  a  stimulation  process  of 
>me  kind  in  the  retina  due  to  darkness — that  is,  withdrawal 

♦  Dewar  and  McKendrick,  "  Transactions,  Royal  Society,  Eklinburgh,"  27, 
m;  GoUsh,  "Journal  of  Physiology,"  29,  388,  1903,  and  31,  1,  1904. 
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of  the  objective  stiniulus.  Einthoven  and  Jollv 
the  sensitive  string  galvanometer  to  the  study  of  this  phew 
non*  They  find  that  the  electrical  response  of  the  illumu! 
eye,  when  photographed,  presents  a  curve  of  much  comple 
and  they  conclude  that  its  complexity  is  due  to  the  fact 
several  different  processes  occur  together  in  the  stimu! 
retina.  They  offer  some  evidence  to  indicate  that  three  difJ 
processes  depending  on  the  reaction  of  three  different  subsM 
may  be  distinguished.  These  substances  react  with  diflB 
velocities  and  with  different  changes  in  electric  potentii 
flashes  of  light  and  '*  flashes  of  darlmess."  What  physiolc 
effects  may  be  connected  with  these  three  processes  cj 
yet  be  stated.  The  electrical  reaction  is  a  very  sensitive 
lights  so  weak  4*^  to  be  near  the  threshold  for  the  humal 
give  a  distinct  electrical  change  in  the  frog's  retina,  and  ai 
that  has  been  kept  in  the  dark  for  some  time  (dark-adapted 
shows  an  increiised  sensitiveness.  It  is  very  intere8ting» 
to  find  that  the  frog's  retina  responds  to  a  range  of  light  vihri 
that  corresponds  with  the  limits  of  the  visible  spectrum  aa 
by  the  human  eye.  If  the  electrical  response  is  a  true  indiesi 
of  functional  activitVt  it  would  appear  that  the  frog's  visioi 
about  the  same  extent  as  our  own  as  regards  the  ether  n 
of  different  periods  of  vibration. 

The  Visual  Purple  —Rhodopsin.— The  change  that  takes 
in  the  rods  and  cones  whereby  the  vibratorj'  ^nergj^  of  the 
waves  is  converted  into  ner\^e  impulses  is  unknown.  It  haa 
assumed  by  some  observers  that  the  light  waves  act  mechaoi 
the  wave  movements  setting  into  vibration  portions  of  the  exl 
segments  of  the  rods  or  cones,  and  that  tliis  mechanical  movi 
forms  the  direct  excitant  of  the  nerve  impulses.!  The  gK 
view,  however^  is  that  the  process  b  photochemical, — that  U 
impact  of  the  ether  waves  sets  up  chemical  changes  in  the  H 
cones  which  in  turn  give  rise  to  nerve  impulses  that  are  transQ 
to  the  brain.  We  have  an  analog}^  for  tliis  action  in  the  k 
change  produced  by  light  upon  sensitized  photograpliic  filmi 
the  retina  itself  some  basis  for  such  a  view  is  foimd  in  the  exi^ 
of  a  red  pigment  which  is  bleached  by  light.  This  interestin 
CO  very  was  made  by  Boll^f  and  the  facts  were  afterw^ard  can 
investigated  by  KiUine.S  Tlie  red  pigment,  know^n  usual 
visual  purple  or  rhodopsin,  is  found  only  in  the  external  segl 

*  Eintbovea  and  Jolly,  *' Quarterly  Jotjrnal  of  E-vperimental  Phyikl 
1,  37:i,  1908,  1 

t  Zenker,  '*  Areliiv  f.  mik.  Anatotnie,"  3,  248,  1867. 

t  Boll,  '^  Archiv  L  Physiolojjie,'*  1877,  4,  | 

§  Kiihne,  "  Untersvich.  a.  J.   physiol.   Inst.  d.  Univ.  Hddelbeiig," 
1878.     Alrto  '*  The  PhotocUemisiry  of  tbe  Retina/'  etc.,  translated  by 
Londoa.  1878. 
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rods;  the  cones  do  not  contain  it.  In  the  fovea,  therefore, 
has  only  cones,  the  pigment  is  entirely  absent.  The  existence 
visual  purple  may  be  demonstrated  very  easily.  A  frog  is 
)r  some  time  in  the  dark ;  it  is  then  kiUed  and  an  eye  removed 
lected  equatorially.  If  the  vitreous  is  removed  from  the  pos- 
lalf  the  retina  may  be  detached  by  means  of  a  pair  of  f oreeps. 
the  operation  is  performed  in  red  or  yellow  light,  as  in  photo- 
j  work,  the  detached  retina  on  examination  by  daylight  ih 
to  be  a  deep-red  color;  but  after  a  short  exposure  it  fades 
,  finally  becoming  colorless.  If  the  frogs  before  operation 
xpoeed  to  strong  daylight,  the  retina  is  found  to  be 
B.  A  similar  pigment  is  found  in  the  eyes  of  man  and 
ler  mammalia.  It  has  been  shown,  moreover,  that  a  photo- 
nay  be  made  upon  the  surface  of  the  retina  by  means  of  this 
If  the  head  of  a  rabbit  or  frog  that  has  been  kept  in  the 
r  some  time  is  exposed  with  proper  precautions  to  the  light 
idow,  for  instance,  the  part  of  the  retina  on  which  the  image 
window-lights  falls  wiU  be  bleached,  while  the  parts  upon 
he  image  of  the  window-bars  falls  and  the  surrounding  areas 
netina  will  retain  their  red  color.  A  figure  of  such  a  retinal 
raph  or  optogram,  as  it  is  called,  is  represented  in  the  accom- 
5  iUustration  (Fig.  142) .  The  visual  purple  has  been  extracted 
le  rods  by  solutions  of  bile  salts,  this  substance  having  the 
JO  discharge  the  pigment  from  its  combination  in  the  rods  in 
le  way  as  it  discharges  hemoglobin  from  its  combination  in 

corpuscles.  The  solutions  thus  obtained  are  also  bleached 
sposure  to  light.  We  have  in  the  visual  purple,  therefore, 
table  substance 
decomposed  or 
by  the  me- 
1  effect  of  the 
raves,  and  also, 
r  be  said,  by 
mechanical  re- 
,  such  as  com- 
i;  and  there 
J  little  doubt 
the  substance 
an    important 

the  functional 

e  of  the  rod  elements.  It  has  been  shown  that  provision 
1  the  retina  for  the  constant  regeneration  of  this  red  pigment. 
be  remembered  that  the  external  segments  of  the  rods  im- 
pon  the  heavily  pigmented  epithelial  cells  that  lie  between 
8  and  the  choroid  coat.  From  experiments  upon  frogs'  eyes 
ars  that  a  portion  of  the  retina  detached  from  the  pigment 


Fig. 


142. — Optogram  in  eye  of  rabbit:     .  _ 
mal  appearance  oi  the  retina  in  the  rabbit's  eye: 
entrance  of  the  optic  nerve;    b,   ' 
medullated  nerve  fibers 


1,  The  nor* 
.         ,The 
b,  a  colorless  strip  of 
io,  V,  a  strip  of  deeper  color  sepa- 
rating the  lighter  upper  from  the  more  heavily  pigmented 
lower  portion.     2  shows  the  optogram  of  a  window. 
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cells  and  bleached  by  the  action  of  light  is  not  able  to  regene^ 
visual  purple  until  again  laid  back  upon  the  choroid  coat 
regenerating  influence  of  the  black  pigmented  cells  may  b^^T. 
nected  with  another  interesting  relation  that  they  exhibit,  ^^ 
normal  conditions  delicate  processes  extend  from  these  oell^^ 
penetmte  between  the  rods  and  cones.  When  the  eye  is  < 
to  light  the  black  pigment  migrates  along  these  processes  as  far  - 
as  the  external  limiting  membrane,  and  it  is  possible  that ' 
mngement  may  be  useful  in  obviating  diffuse  radiation  of  fi 
from  one  rod  to  another.  When  the  eye  is  kept  in  the  dark,  howe1 
the  pigment  moves  outwardl}-  and  collects  around  the  ex 
segments^  where  the  process  of  regeneration  of  the  Ansual  pu 
taking  place.  Further  evidence  that  the  visual  purple  is  ( 
with  the  irritability  of  the  rods  toward  light  stimulation  isl 
by  the  fact  tiiat  when  it  is  exposed  to  the  different  ra3's  of  the  f 
trum  the  absorption  of  light  is  greatest  in  that  part  of  tiie 
tnim  (green)  which  appears  the  brightest  in  vision  when  carried  c 
under  such  conditions  as  may  be  supposed  to  involve  the  acti^il^ 
cliiefly  of  the  rods  (see  below  for  these  conditions).  It  is,  howew 
l^erfectly  obvious  that  visual  purple  is  not  essential  to  \Tsion. 
fact  that  it  is  absent  from  the  fovea  centralis  is  alone 
proof  of  this  statement.  Moreover,  it  seems  to  l>e  absent  entin 
in  the  eyes  of  some  animals;  for  instance,  the  pigeon,  hen,  i 
reptiles,  and  some  bats.  The  most  attractive  view  of  the  fuuci 
of  the  visual  purple  is  that  it  serves  to  increase  the  delicacy  of  re- 
sponse or  irritability  of  the  rods  in  dim  lights, — ^a  view  that  is  ^' 
plained  in  more  detail  in  the  paragraph  below,  dealing  with  the  sup^ 
posed  difference  in  function  between  the  rods  and  cones. 

The  Extent  of  the  Visual  Field— Perimetry  •—By  the  visual  I 
of  each  eye  is  meant  the  entire  extent  of  the  external  worid ' 
when  the  eye  is  fixed  forms  an  image  upon  or  is  projected  upon  t 
retina  of  that  eye.     From  what  has  been  said  previously 
the  dioptrics  of  the  eye  it  is  obvious  that  the  visual  field  is  inve 
tipon  the  retina,  and  that,  therefore,  objects  in  the  upper  visual f 
fall  upon  the  lower  Imlf  of  the  retina,  and  objects  in  the  right  I 
of  the  visual  field  fall  upon  the  left  half  of  the  retina. 
that  the  retina  is  sensitive  to  light  up  to  the  ora  serrata,  it  is  < 
dent  that  if  the  eye  were  protruded  sufficiently  from  its  orbit  itt 
projected  visual  field  when  represented  upon  a  flat  surface  wc 
have  the  form  of  a  circle,  the  center  of  which  would  correspond  J 
the  fovea  centralis.     As  a  matter  of  fact,  the  configuration  of  1 
face  is  such  as  to  cut  ofi'  a  considerable  part  of  this  fields  in 
fixed  position  of  the  eyes,  anfl  to  give  to  the  field  as  it  actu 
exists  an  irregular  outline.     The  liridge  of  the  no^^e,  the  proje 
eyebrow^s,  and  cheek  bones  serve  to  thus  limit  the  field;  and,] 
addition,  the  sensitivity  of  the  peripheral  portion  of  the 
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r  Hot  extend  equally  far  toward  the  ora  serrata  in  different 
1^  *^^  in  different  nieridians  of  the  same  eye.  To  obtain  the 
^  outline  and  extent  of  the  \4sual  field  in  any  given  case  it 
^^y  necessary  to  keep  the  eye  fixed  anrl  then  t-o  move  a  small 
'i^t  in  the  different  meridians  and  at  the  same  distance  from 
i^  fiye.  The  limits  of  vision  may  be  obtained  in  tliis  way  along 
*^u  meridian  and  the  rt^snlts  combined  u^xm  an  appropriate 
brt.  \n  instrument,  the  perimeter,  has  been  devised  to  facilitate 
"^process of  charting  the  visual  field.  It  has  been  given  a  number 
'f different  forms,  one  of  which  is  illustrated  in  Fig  143.  The  shape 
•f  the  visual  fields  in  the  normal  eye  is  represented  in  Fig.  144, 
r^ft determination  of  the  visual  fields  is  of  especial  importance  in 
iWof  brain  lesions  invohang  the  visual  area  in  the  occipital  lobe. 


Re  143.-'P«rimeeer.  The  semiotrculju-  bar  may  be  placed  in  any  meridian.  A 
I  object  b  than  moved  »long  th«  bar  from  without  in  until  it  b  just  peroeived.  The 
mr  dxsUnoe  at  which  this  occurs  ib  marked  off  on  the  corresponding  meridian  on  the 
.  men  at  tbe  left  of  the  fiifure.  The  eye  examined  «iv*eg  over  the  top  of  the  vertical 
i  us  ndit  at  a  fijjed  paint  lo  the  middle  of  the  Mmtcirculnr  bar. 


extent  and  portion  of  the  retina  affected  may  be  used  to  aid  id 
ting  the  seat  of  the  lesion.     For  physiological  and  for  ctinical 
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purposes  it  is  neces^arj^  to  distin^ish  betwc^en  the  central  (or  dir^ 
and  the  periphej'al  (or  in<lirt*ct)  fields  of  vision.  The  foroier  1 
is  meant  to  refer  to  that  portion  of  the  fiekl  whicti  falls  upon  1 
fovea  centralis;  in  other  words,  it  is  the  projeetiun,  in  auy  i 
position  of  the  eye,  of  the  fovea  into  the  external  world, 
peripheral  field  refers  to  the  rest  of  the  visual  field  which  is  j 
jected  upon  the  retina  outside  the  fovea.  As  a  matter  of  fAct,l 
of  our  distinct  and  most  useful  vision,  in  the  daytime  at  leiist,| 
effeeted  through  the  fovea.  When  the  eye  is  kept  fixed,  the  a 
portion  of  the  external  world  that  falls  upon  the  fovea  is  seen  ( 
tinctly.     Ail  the  rest  is  seen  more  or  less  indistinetly  in  proport'rt 
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F\g.   144. — PeKmeter  chart  to  ahow  the  field  af  vision  for  a  right  eye  when  leepi  IbbI 

potiition. 

to  the  distance  of  its  retinal  image  from  the  fovea.     In  using  < 
eyes,  therefore,  we  keep  them  continually  in  motion  so  as  to  I 
each  object,  as  we  pay  especial  attention  to  it,  into  the  field  i 
central  vision.     The  line  from  the  fovea  to  the  point  looked  dl\ 
designated  as  the  line  of  mght  or  visual  axis.    The  area  of  the  let 
is  quite  small     The  measurements  given  by  different  ob 
vary  somewhat,  especially  as  in  some  cases  the  measurement^^ I 
estimated  for  the  bottom  of  the  depression,  the  fundus,  and^ 
others  for  the  diameter  from  edge  to  edge.     The  average  i 
is  usually  given  as  hdng  lietween  0.3  and  D.4  mm.     Lines 
from  the  ends  of  this  diameter  to  the  nodal  point  of  the  eye  \ 
tend  an  angle  of  1  degree  to  1,5  degrees;  and,  therefore,  all  objeetj 
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in  the  external  world  around  the  line  of  sight  which  lie  within  this 
visual  angle  are  comprised  in  the  central  field  of  vision,  and  their 
letinal  images  fall  upon  the  fovea.  Unilateral  lesions  of  one 
ocdpital  lobe  cause  half-blindness  (hemianopia)  in  the  retinas  on  the 
auoe  side, — ^that  is,  lesions  in  the  right  occipital  lobe  cause  blind- 
nw  of  the  right  halves  of  the  retinas,  while  injuries  to  the  left 
occipital  lobes  are  accompanied  by  loss  of  vision  on  the  left  sides 
of  the  retinas  (see  p.  203) ;  but  such  imilateral  lesions,  it  is  stated, 
do  not  involve  the  central  field  of  vision — only  the  peripheral 
portion  of  the  field  is  aflfected.  In  connection  with  its  special 
functions  in  vision  the  fovea  centralis  possesses  a  peculiar  struc- 
ture. It  forms  a  shallow  depression  in  the  center  of  the  retina 
described  by  some  authors  as  elliptical,  by  others  as  circular  in  out- 
line. In  the  center  of  the  fovea  lies  a  smaller,  very  shallow  depres- 
sion spoken  of  as  the  foveola.  The  diameter  of  the  fovea,  as  stated 
above,  is  estimated  differently  by  different  authors.  While  meas- 
urements on  preserved  specimens  give  the  diameter  as  0.2  to 
0.4  mm.,  ophthalmoscopic  examination  seems  to  indicate  that  in 
the  fresh  state  it  may  be  larger.  According  to  Fritsch,*  the  fundus, 
leckoned  from  the  point  at  which  the  depression  begins,  has  a  diam- 
eter of  0.5  to  0.75  nmi.  Within  the  fovea  cones  only  are  present, 
and  these  cones  are  longer  and  more  slender  (diameter,  0.002  mm.) 
than  in  the  rest  of  the  retina.  Moreover,  the  thickness  of  the  retina 
is  much  reduced  in  the  fovea,  whence  arises  the  depression.  At 
this  point  the  cones  are  practically  exposed  directly  to  the  light, 
whereas  in  other  parts  the  light  must  penetrate  the  other  layers 
Wore  reaching  the  rods  and  cones.  Lying  around  the  fovea  is  an 
*rea  about  6  mm.  in  diameter,  of  a  yellowish  color,  and  hence 
known  as  the  macula  lutea.  The  portion  of  the  visual  field  falling 
upon  this  area,  in  a  fixed  position  of  the  eye,  is  sometimes  called  the 
macular  field.  According  to  some  observers  t  the  yellow  color  of 
the  macula  is  due  to  post-mortem  changes. 

TtSQBl  Acuity. — The  distinctness  of  vision  or  the  resolving 
power  of  the  eye  varies  greatly  in  different  parts  of  the  retiha. 
It  may  be  measured  for  the  fovea  by  bringing  two  fine  lines  closer 
ind  closer  together  until  the  eye  is  unable  to  see  them  as  two  dis- 
tinct objects.  Measured  in  this  way,  it  is  usually  stated  that  when 
jhe  distance  between  the  lines  subtends  an  angle  of  1  minute 
60  seconds)  at  the  eye,  the  limit  of  resolvability  is  reached.  This 
o^e  on  the  retina  comprises  an  area  of  about  0.004  mm.  in  diam- 
ter,  sufficient  to  cover  two  cones  in  the  fovea.  A  simpler  method 
)  ascertain  the  size  of  a  just  perceptible  image  on  the  retina  is  to 
98  a  black  spot  upon  a  white  background.  At  a  sufficient  dis- 
ince  this  object  will  be  invisible,  the  white  margins  separated 

♦  FHtflch,  "Sitaningsberichte  d.  konig.  Akad.  d.  Wiss.,"  Berlin,  1900. 
tSivte,  "Skandinavisches  Archiv  f.  Physiol.,"  1905,  17,  306. 
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by  the  diameter  of  the  black  spot  fuse  together,  but  i 
eloser  to  the  eye,  the  spot  will  he  just  rlistiuguishable  at  a  certi 
distance.  The  diameter  of  the  spot  being  known,  and  its  distui 
from  the  eye,  the  i^ize  of  the  retinal  image  may  be  calculalj 
Using  this  method,  tiuillery*  estimated  the  diameter  of  the  jl 
perceptible  retinal  imjige,  or,  as  it  has  been  appropriately  cai 
ifie  phymological  point,  at  0.0035  mm.  These  estimates  apply  (N 
to  the  fovea,  andj  indeetl,  to  the  central  part,  of  the  fovea,  ! 
foveola.     Numerous  authors  have  called  attention  to  the  fact  ti 
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Fign  145, — Curv»  to  nbow  the  njlative  acuity  &f  viaioD  in  the  central  und  i 
und  in   the  liftht-adapt^tl  and   the  dark-adnpied  «3>t&. — {KtaMtt^     The  full  lise  ■ 
the  rpltttive  acuteneeiji  of  visiun  in  the  eye  espcied  to  Ui^ukI  illumiiiation.     Frocn  I 
this  fovc>!tt  (1^,  the  af:tiJity  of  viffion  ls\\»  j-HpidJv  at  ^rst  i^nd  then  more  slowly  mm  ool^ 

w&rd  intu  the  peri  phi?  rnl  fietd.     The  dotted  line  ruprtsTMrnta  th<?  Mt-uity  of  vi«ioD  in  (_ , 

The  foven,  under  thLs  latter  conditinn,  jj  1«w  seiiBitivte  than  the  puriB  of  the  reTina  ftt  ■■! 
dtat&nce  of  10*  or  cvi-ii  60°. 


\isual  acuity,  as  measured  by  the  least  distance  at  which  two} 
jects  may  be  seea  separately,  varies  T^-ith  the  intensity  of  illuB 
tion.     The  estimates  given  are  for  ordinary  room  light,     Ou 
doors,  and  especially  in  the  case  of  persons  who  live  habittl 
an  outdoor  life,  visual  acuity  or  the  fK»wer  of  visual  discrii 
is  increased.     We  may  believe  that  under  the  most  favorable  < 

•  Guillerv,  '"Zejtschrift  f.  Paychologie  u.  Physiol,  d.  SinneaorgaiieLl 
243*  IHW.  ^ 
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litions  of  illumination  and  contrast  we  can  resolve  two  objects 
vfaoee  images  on  the  fovea  are  separated  by  a  distance  about  equal 

0  the  diameter  (0.002  mm.)  of  a  single  cone.  The  acuity  of  vision 
loes  not  vary  greatly  throughout  the  fovea;  any  object  whose 
e&ud  image  falls  well  within  the  fovea  can  be  seen  quite  dis- 
incUy  in  all  of  its  parts  when  the  eye  is  fixed  for  the  center  of  the 
bject.  This  is  the  case,  for  instance,  with  the  moon.  Neverthe- 
9B,  in  looking  at  such  an  object  as  the  moon  the  eye,  to  make  out 
etails,  will  ficxate  one  point  after  another,  showing  that  for  most 
irtinct  vision  we  use  probably  only  the  center  of  the  fovea.  As 
le  pass  out  from  the  fovea  into  the  peripheral  field  of  vision  the 
edty  of  vision  diminishes  very  rapicUy,  so  that  at  20  degrees,  for 
istance,  from  the  center  of  the  fovea  the  retinal  images  must  be 
^aiated  by  a  distance  of  0.035  mm.  in  order  to  be  recognized 

1  distinct;  a  distance  ten  times  as  great  as  is  necessary  in  the 
nPtt.  On  this  accoimt  our  vision  in  the  peripheral  field  is  very 
idistinct, — details  of  form  cannot  be  clearly  perceived.  The 
ipidity  with  which  visual  acuity  diminishes  as  we  pass  outward 
tm  the  fovea  is  indicated  by  the  curve  given  in  Fig.  145.  In  all 
bn  work,  therefore,  we  keep  our  eyes  moving  continually  so  as  to 
DDg  one  point  after  another  into  the  center  of  the  fovea,  as  is  well 
hutated  by  the  act  of  reading.  If  the  eye  is  kept  fixed  upon  the 
atial  letter  of  a  long  word,  only  one  or  two  letters  on  each  side 
m  be  made  out  distinctly  in  spite  of  the  fact  that  with  such 
imDiar  objects  we  can  guess  the  letter  even  when  the  image  is  not 
itiidy  distinct.  In  ophthalmological  practice  the  acuity  of  vision 
Kntral  vision)  is  measured  usually  by  test  letters  whose  size  is 
xh  that  at  the  distance  at  which  they  are  read — say,  6  meters  (20 
)et),  the  practical  far  point  at  which  no  accommodation  is  needed — 
idi  subtends  at  the  eye  an  angle  of  5  minutes.  An  eye  that  can 
■tinguish  the  letters  at  this  distance  is  said  to  be  normal ;  one  that 
m  distinguish  them  only  at  a  smaller  distance  or  at  the  given 
irtance  requires  letters  of  larger  size  has  a  subnormal  acuity  of 
iBbn.  If,  for  instance,  an  individual  at  20  feet  can  read  only 
hose  fetters  that  the  normal  eye  can  distinguish  at  100  feet  his 
inal  acuity,  V,  is  equal  to  -A^. 

Relation  between  the  Amotint  of  Sensation  and  the  Intensity 
( the  Stimulus — ^Threshold  Stimulus. — With  the  sensory  as  with 
be  motor  nerves  we  may  distinguish  between  various  degrees  of  sub- 
Mximal  stimulation.  The  stronger  the  stimulus,  the  stronger  the 
Metion, — that  is,  in  the  case  of  the  optic  nerve,  the  visual  sensation, 
be  end  reaction  of  the  activity  of  a  sensory  nerve  is  a  state  of  con- 
iousness.  The  variations  in  magnitude  of  this  state  can  not  be 
eaauied  with  objective  exactness,  they  must  be  judged  subjectively 
'  the  individual  concerned.  A  stimulus  too  weak  to  give  a  re- 
onse  with  a  motor  nerve  is  usually  designated  in  physiology  as 
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subminimal;  a  similar  stimulus  with  sensorj^  nerves  is  fi 
expressed  by  the  equivalent  term  subluninal , — that  is,  belov 
threshold.  80  a  stimulus  just  strong  enough  to  provoke  a 
tible  reaction  is  the  minimal  stimulus  for  eflferent  nerves  and 
threshold  stimulus  for  sensor}^  nerves.  Inasmuch  as  the  varial 
in  the  intensity  of  consciousness  can  not  lie  adequately  mej 
itiscustomar}',  in  studying  the  relations  of  the  strength  of  sim 
to  the  conscious  response,  to  pay  attention  to  the  strength  of 
ius  under  any  given  condition  which  is  sufficient  to  arouse  a 
perceptible  difference  in  the  conscious  reaction.  Proceeding 
this  method,  it  is  found  in  the  case  of  the  visual  sensations  and 
optic  nerve,  as  with  other  sensations  and  their  corresponding 
that  the  increase  of  stimulus  necessar\'  to  cause  a  just  perce] 
change  in  consciousness  varies  with  the  amount  of  stimulus  all 
acting.  If,  for  instance,  the  retina  is  ijeing  stimulated  by  a 
1  candle  power  an  increase  of  illumination  to  1.1  candle  power 
make  a  perceptible  dilTercnce  in  sensation.  But  if  the  retina  iS 
being  illuminated  b>'  a  light  of  10  candle  power  an  increase  to  lOi 
candle  power  would  probably  make  no  perceptible  difference.  Fof 
a  certain  range  of  stimulation,  in  fact,  it  has  been  stated  thAt  tht 
increase  in  stimulus  must  be  a  constant  fractional  pan  of  the  stinwh 
Ius  already  acting.  That  is,  in  the  hypothetical  case  given,  if,witi 
1  candle  power,  an  increase  to  1.1  candle  power  makes  a  just  f* 
ccptiljie  difference  in  consciousness,  then  with  10  candle  power  il 
increase  of /fl^  of  the  acting  stimulus,  namely — 1  candle  power— <! 
be  necessar>'  to  cause  a  perceptible  difference.  The  relation  ■ 
expressed  in  this  form  is  known  as  Weber's  law;  but  it  seen  '^ 
able  that,  wliile  the  general  fact  is  true,  this  exact  expres^vi 
holds  only  approximately  for  an  intermediate  range  of  stimuijiUift 
In  this  matter  of  a  threshold  stimulus  the  sensitiveness  ol  tki 
retina  shows  also  certain  interesting  differences  in  the  foiT^eilll 
compared  with  the  peripheral  field.  The  difference  is  especi4) 
marked  when  the  reaction  of  the  retina  in  strong  hghts  is  com: 
with  its  reaction  in  dim  hghts. 

The  Light-adapted  and  the  Dark-adapted  Eye* — The 
dition  of  the  retina  changes  when  after  exposure  to  light  it  is 
mitted  to  darkness,  the  change  being  most  marked  in  the  peri[ 
field.  When  one  passes  from  daylight  into  a  dark  room  yvUA 
at  first  is  very  imperfect,  but  after  some  minutes  it  rapidly  ill 
proves,  **as  the  eye  becomes  accustomed  to  the  dark.'*  Ill 
change  is  known  iis  an  adaptation,  and  in  this  respect  the  rtdl 
differs  from  the  vSensitive  photographic  plate.  Comparison  of  11 
threshold  stimulus  for  diffei-ent  paits  of  the  retina,  in  an 
exposed  alternately   to  darkness   and   to   light,  has  shown 
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tile  dark  the  sensitiveness  in  the  peripheral  field  increases 
atly  during  an  hour  or  so,  while  that  of  the  foveal  field  is  appar- 
Ijr  unchanged.  With  such  a  dark-adapted  eye,  therefore, 
»  will  be  a  certain  dim  light  which  will  be  seen  by  the  per- 
oral parts  of  the  retina,  but  perhaps  will  cause  no  reaction 
a  the  fovea.  For  such  a  degree  of  light,  therefore,  the  fovea 
Id  be  blind.  This  general  fact  has,  indeed,  long  been  known, 
one  may  notice  in  late  twilight,  when  the  stars  are  beginning 
)pear,  that  a  very  faint  star  may  disappear  when  looked  at, — that 
ben  its  imag^  is  brought  upon  the  fovea ;  to  see  it  one  must  direct 
yes  a  little  to  the  side,  so  as  to  bring  its  image  into  the  periph- 
field.  This  greater  sensitiveness  of  the  dark-adapted  eye  in 
leripheral  field  where  the  rods  predominate  over  the  cones  seems 
I  associated  with  the  movement  of  the  pigment  in  the  pigment 
lelium  (see  above)  and  the  resulting  regeneration  of  the  visual 
le  in  the  external  segments  of  the  rods.  The  increase  in  the 
J  purple  in  the  dark  may,  indeed,  account  for  the  increased 
tiveness  to  light  in  the  rod-region  and  explain  why  a  similar 
ase  fails  to  occur  in  the  fovea,  where  only  cones  are  present, 
curve  given  in  Fig.  145  shows  that  in  the  dark-adapted  eye 
icuity  of  vision  in  the  peripheral  field  is  greater  than  in  the 
i.  In  accordance  with  these  facts  von  Kries*  has  suggested  that 
ods,  the  peripheral  field  of  the  retina,  are  especially  adapted 
ision  in  dim  lights,  night  vision,  while  the  cones  are  especially 
ted  for  vision  in  strong  lights,  day  vision.  This  general  fact 
perhaps  accord  with  the  experience  of  anyone  who  attempts 
timate  the  value  of  his  peripheral  vision  in  dim  nightlight  as 
lared  with  daylight.  Other  interesting  differences  in  the  reac- 
of  the  light-adapted  and  the  dark-adapted  eye  are  referred  to 
7  in  connection  with  color  blindness. 


CHARACTERISTICS  OF  THE  VISUAL  SENSATIONS* 

1  addition  to  the  spatial  attributes  connected  with  our  visual 
.tions — ^that  is,  the  perception  of  form — they  are  characterized 
?o  properties  which  may  be  described  in  general  as  variations 
ensity  and  in  quality. 

uminosity  or  Brightness. — ^That  characteristic  which  we 
ibe  as  the  luminosity  or  brightness  of  a  visual  sensation  has 
defined  differently  by  various  writers.  We  may  consider  it, 
ver,  as  the  expression  of  the  intensity  of  the  acting  stimulus. 
»tions  of  the  same  quality  are  easily  compared  as  regards  their 

l^on  Krie0»  "Zeitschrift  f.  Psychologie  u.  Physiologic  d.  Sinnesorgane/* 
1895. 
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brightness.  We  can  tell  as  between  two  whites  or  two  greensi 
is  the  brighter  of  the  two,  but  when  two  different  qualit 
and  a  green  sensation,  for  instance^ — are  comi>ared  our  sub| 
determination  of  the  relative  brightness  is,  for  most  persons,  J 
or  impossible  to  make.  To  a  lesser  degree  the  difficulty  is  i 
to  that  of  the  comparison  of  sight  and  sound.  According  j 
conception  adopted  heri?»  however,  that  the  brightness  is  ^ 
pression  of  the  intensity  of  the  stimulus,  an  objective  standi 
comparison  might  be  obtained  by  measuring  the  resulting  actid 
rents  in  the  optic  nerve  fibers.  When  the  spectral  colors  i| 
amined  it  is  ob\dous  that  some  of  the  colors  are  brighter  than^ 
the  extreme  red  and  extreme  violet,  for  instance,  possessiM 
luminosity  as  compared  with  the  yellow.    The  relative  brig 


M 
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Fijr.  146. — Diasfram  showinj!^  the  dlntribuitDn  of  the  intensity  of  ih#  i_    . 
pendent  upon  the  degree  of  iUuminaLion.     Tticii  vpectnam  is  repreaetited  aIook  tiil| 
the  numerab  givine  tibo  wave  lenfftb.i  from  red,  670|  to  violet,  430.      Tha  or<li 
the  lumiaofllty  of  tiie  dlfTercnt  coloni.      Firht   curvnea  are   given   to   show   tbt  < 
dblnbution   of  relative   brishtnewi   with    c$mojse«   in   degree   of   tllumlnatioci. 
ffT«atcst   ttlitmiiuition   the  maximum   bHjchtnesa  i&  m  the  ycUow   (605^4125);  ' 
UlttminatioQ  it  ahifu  to  the  green  (535),— (iCflnia. ) 

of  the  different  spectral  colors  is  found  to  vary  with  the  atn^ 
illumination,  as  shown  in  the  curves  given  in  Fig.  146,  1j 
brilliant  spectrum  the  maximum  brightness  is  in  the  yeUd 
with  a  feeble  illumination  it  shifts  to  the  green*    This  fact  i 
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jd  what  is  known  as  the  "  Purkinje  phenomenon," — ^namely,  the 

Bl^P^g  luminosity  and  color  value  of  colors  in  dim  lights.    As  the 

^t  becomes  more  feeble  the  colors  toward  the  red  end  of  the 

pcctnun  lose  their  quality,  the  blue  colors  being  perceived  last  of 

I&,  i^wt  as  in  late  twilight  it  may  be  noticed  that  the  sky  remains 

dartittctly  blue  after  the  colors  of  the  landscape  become  indistin- 

^uAable.    It  should  be  added  that  the  "  Purkinje  phenomenon  " 

» true  only  for  the  parts  of  the  retina  lying  outside  the  fovea, 

^^  is,  for  the  peripheral  field.     As  the  light  grows  dimmer  the 

pc^tion  of  blue  is  lost  first  in  the  fovea,  so  that  with  a  certain 

fcAleness  of  illumination  the  central  field  becomes  blue-blind. 

Wth  a  very  feeble  illumination  the  dark-adapted  eye  becomes 

I  practically  totally  color  blind. 

Qualities  of  Visual  Sensations. — The  different  qualities  of  our 
^lor  sensations  may  be  arranged  in  two  series:  an  achromatic 
•eries,  consisting  of  white  and  black  and  the  mtermediate  grays, 
•ad  a  chromatic  series,  comprising  the  various  spectral  colors, 
together  with  the  purples  made  by  combination  of  the  two  ends 
^the  spectrum,  red  and  blue,  and  the  colors  obtained  by  fusion  of 
tte  spectral  colors  with  white  or  with  black,  such,  for  instance,  as 
tbeoBves  and  browns. 

The  Ackramatic  Series. — Our  standard  white  sensation  is  that 
twsed  by  sunlight.  Objects  reflecting  to  our  eye  all  the  visible 
ays  of  the  sunlight  give  us  a  white  sensation.  This  sensation, 
therefore,  is  due  primarily  to  the  combined  action  of  all  the  visible 
ftys  of  the  spectrum,  each  of  which,  taken  separately,  would  give 
tt  a  color  sensation.  White  or  gray  may  be  produced  also  by  the 
XHnbined  action  of  certain  pairs  of  colors, — complementary  colors, — 
18  is  described  below.  Black,  on  the  contrary,  is  the  sensation 
aused  by  withdrawal  of  light.  It  must  be  emphasized  that  in 
ntler  to  see  black  a  retina  must  be  present.  It  is  probable  that 
person  with  both  eyes  enucleated  has  no  sensation  of  darkness, 
lat  black  is  a  sensation  referable  to  a  condition  of  the  retina  is 
nde  probable  also  by  the  interesting  observations  recorded  by 
!ot43h,* — ^namely,  that  when  an  eye  that  has  been  exposed  to  light 
suddenly  cut  off  from  the  light  there  is  an  electrical  change  in  the 
tina,  a  dark  response,  similar  to  that  caused  by  throwing  Ught  on 
letina  previously  kept  in  the  dark.  Blackness,  therefore,  is  a 
Dsation  produced  by  withdrawing  light  from  the  retina,  and  a 
sek  object  is  one  that  reflects  no  light  to  the  eye.  Black  may  be 
mbined  with  white  to  produce  the  series  of  grays,  and  when  com- 
Eied  with  the  spectral  colors  it  gives  a  series  of  modified  color  tones, 
08  the  olives  of  different  shades  may  be  considered  as  combina- 
III8  of  green  and  black  in  varying  proportions. 

*  Gotch,  "  Journal  of  Physiology,"  20,  388,  1903. 


344 


THE   SPECIAL  SENSES. 


The  chromatic  series  consists  of  those  qualities  to  which  we  gii 
the  name  of  colors,  and,  as  stat4?d  aljove,  they  comprse  the  specti 
colors,  and  the  extrasi3ectral  color,  purple,  together  with  the  i 
weaJc  and  light-strong  hues  obt^iined  by  combining  the  colore  mtk  ] 
white  or  black.     In  the  spectrum  many  differe^nt  colors  may  be  f 
detected, — some  observ^ers  record  as  many  as  one  hundred  and  I 
sixty » — but  in  general  we  give  specific  names  only  t^  those  thil 
stand  sufficiently  far  apart  to  repi^^sent  quite  distinct  sensations,'* 
namely,  the  red,  orange,  yellow,  green,  blue,  and  \iolet.    Wheaj 
light  is  taken  from  a  definite  limited  portion  of  the  spectnHnW] 
have  a  monochromatic  light  that  gives  us  a  distinct  color  sensatkil 
varvung  with  the  wave  length  of  the  portion  chosen. 

Color  Saturation  and  Color  Fusion, — The  term  saturatioGJ 
applied  to  colors  Is  meant  to  define  their  freedom  from  accomponyH 
ing  white  sensation,  A  perfectly  saturated  color  would  be 
entirely  free  from  mixture  with  white.  On  tJie  objective  side  it  il! 
easy  to  select  a  monochromatic  bundle  of  rays  from  the  spectrufli  j 
without  admixture  of  white  light,  but  on  thephysiologieal  si<ieitil] 
not  i)robable  that  the  color  sensation  thus  produced  is  entirely  (t^\ 
from  white  sensation,  since  the  monochromatic  rays  may  iiutiatij 
in  the  retina  not  only  the  sjjecific  processes  underlying  the  pio»J 
duction  of  its  special  color,  but  at  the  same  time  give  rise  in  \ 
degree  to  the  processes  causing  white  sensations.  Even  the  i 
colors  are  therefore  not  entirely  saturated,  but  the}"  come  as  neifl 
to  giving  us  this  condition  as  we  can  get  -without  changing  the  ^ti  j 
of  the  retina  itself  by  previous  stimulation. 

Color  Fifm'oji. — By  color  fusion  we  mean  the  combination  of  1 
or  more  color  proces^ses  in  the  retina,  this  end  being  obtained! 
superposing  uptju  the  same  portion  of  the  retina  the  rays  ^vin 
rise  to  these  color  processes.     It  must  be  borne  in  mind  that  colot| 
fusion  upon  the  retina  is  quite  a  different  thing  from  color  mixt^ 
as  practised  by  the  artist.     A  blue  pigment,  such  as  Prussian  bhie^J 
for  instance,  owes  its  lilue  eolor  to  the  fact  that  when  sunlight  fa 
upon  it  the  red-yellow  rays  are  absorbed  and  only  the  blue,  wit! 
some  of  the  green,  rays  are  reflected  to  the  eye.    So  a  yellow  ] 
ment,  chrome  yellow,  absorbs  the  blue,  violet,  and  red  rays  i 
reflects  to  the  eye  onl\'  the  yellow  with  some  of  the  green  Ta>^ 
mixture  of  the  two  ujwn  the  palette  will  absorb  all  the  rays  < 
the  green  and  will  therefore  appear  green  to  the  eye.     If,  howev 
by  means  of  a  suitable  device,  we  throw  simultaneously  upon 
retina  a  blue  and  a  yellow  light,  the  result  of  the  retinal  fusumJ 
a  sensation  of  white.    Many  different  methods  have  been  emj 
to  throw  colors  simultaneously  upon  the  retina,  the  most  perie 
being  a  system  of  lenses  or  mirrors  by  which  different  portiomi  i 
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I  a  spectrum  can  be  superposed.  The  usual  device  employed  in 
;  hboratoiy  experiments  is  that  of  rotation  of  discs  of  colored  paper. 
Each  disc  has  a  slit  in  it  from  center  to  periphery  so  that  two  discs 
ean  be  fitted  together  to  expose  more  or  less  of  each  color.  If  a 
eomiunation  of  this  kind  is  attached  to  a  small  electrical  motor  it 
can  be  rotated  so  rapidly  that  the  impressions  of  the  two  colors 
upon  the  retina  follow  at  such  a  short  interval  of  time  as  to  be  prac- 
tbaDy  simultaneous. 

The  Fundamental  Colors. — ^By  the  methods  of  color  fusion 
it  can  be  shown  that  three  colors  may  be  selected  from  the  spec- 
tnim  whose  combinations  in  different  proportions  will  give  white, 
or  any  of  the  intermediate  color  shades,  or  purple  Considered 
purely  objectively,  a  set  of  three  such  colors  may  be  designated 
as  the  fimdamental  colors,  and  red,  yellow,  and  blue,  or  red, 
green,  and  violet  have  been  the  three  colors  selected.  On  the 
physiological  side,  however,  it  has  been  assumed  that  there  are 
certain  more  or  less  independent  color  processes — photochemical 
processes — ^in  the  retina  which  give  us  our  fundamental  color  sen- 
iations,  and  that  all  other  color  sensations  are  combinations  of  these 
processes  in  varying  proportions  with  each  other  or  with  the  proc- 
•■es  causing  white  and  black.  Referring  only  to  the  colors  proper, 
tibe  fundamental  color  sensations  according  to  some  views  are  red, 
green,  and  blue  or  violet;  according  to  others,  they  are  red,  yellow, 
green,  and  blue.     (See  paragraph  on  Theories  of  Color  Vision.) 

Helmholtz  calls  attention  to  the  fact  that  the  names  used  for  these  fnnda- 
BM&tal  color  sensations  are  obviously  of  ancient  origin,  thus  indicating  that 
fte  (fifference  in  quality  of  the  sensations  has  been  long  recognized.  Red  is 
from  the  Sanskrit  rudhira,  blood;  blue  from  the  same  root  as  blow,  and  r»- 
in  to  the  color  of  the  ait;  green  from  the  same  root  as  grow,  referring  to  the 
color  of  ve^tation.  Yellow  seems  to  be  derived  from  the  same  root  as  gold, 
ihich  t3rpified  the  color.  The  other  less  distinct  qualities  have  names  of 
neent  implication,  such  as  orange,  violet,  indigo  blue,  etc. 

Complementary  Colors. — It  has  been  found  by  the  methods  of 
«dor  fusion  that  certain  pairs  of  colors  when  combined  give  a  white 
(g»y)  sensation.  It  may  be  said,  in  fact,  that  for  any  given  color 
there  exists  a  complement  such  that  the  fusion  of  the  two  in  suitable 
xoportions  gives  white.  If  we  confine  ourselves  to  the  spectral 
okns  we  recognize  such  complementary  pairs  as  the  following: 

Bed  and  greenish  blue. 

Orange  and  cyan  blue. 

Yellow  and  indigo  blue. 

Greenish  yellow  and  violet. 
The  complementary  color  for  green  is  the  extraspectral  purple. 
dons  that  are  closer  together  in  the  spectral  series  than  the 
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coiupIeiDentaries  give  on  fusion  some  intermediate  color  which  is 
more  saturated — that  ia^  less  mixed  with  white  sensation — the  nearer 
the  colors  are  together.  Thus,  red  and  yellow,  when  fused,  gi^^e 
orange.  Colors  farther  apart  than  the  distance  of  the  comple- 
mentaries  give  some  shade  of  purple.  On  the  phy^cal  side^  there- 
fore, we  can  produce  a  sensation  of  white  in  tw^o  ways:  Either  by 
combined  action  of  all  the  \isible  rays  of  the  spectrum  (sue 
or  by  the  combined  action  of  pairs  of  colors  whose  wave  lengths  ^ 
by  a  certain  inter\'al.  It  is  probable  that  in  the  retina  the  pr 
induced  by  these  two  methods  are  qualitatively  the  same, 
wave-lengths  represented  by  the  complementar>^  colors  setting 
by  their  combined  action  the  same  photochemical  processes 
normally  are  induced  by  the  sunlight. 

After-images.— .\s  the  name  implies,  this  term  refers  to  ; 
that  remain  in  consciousness  after  the  objective  stimulus  has  i 
to  act  upon  the  retina.    They  are  due  doubtless  to  the  fact  that  1 
changes  set  up  in  the  retina  by  the  visual  stimulus  eontifiue^ ' 
or  without  modification,  after  the  stimulus  is  withdrawn. 
images  are  of  two  kinds:   positive  and  negative.     In  the  poaitiv 
after-images  the  visual  sensation  retains  its  normal  colors.     If  on 
looks  at  an  incandescent  electric  light  for  a  few  seconds  and  th 
closes  his  eyes  he  continues  to  see  the  luminous  object  for  a  < 
siderable  time  in  its  normal  colors*     Objects  of  much  less  int 
Bity  of  illumination  may  give  positive  after-images,   especii 
when  the  eyes  have  been  kept  closed  for  some  time,  as,  fa 
instance,   upon    waking   in    the    morning.     In    negative    aftJ 
images  the  colors  are  all  reversed— that  is,  they  take  on 
complementary  qualities  (see  Fig.  147),     White  become  blaci 
red,    a   bluish    green,    and   vice  versa.     Negative   after-ii] 
are  produced  very  easily  by  fixing  the  eyes  steadily  upon 
given  object  for  an  interval  of  twenty  seconds  or  more 
then  closing  them.     In  the  case  of  colored  objects  the 
image  is  shown  better,  perhaps,  by  tumping  the  eyes  upon 
white  surface  after  the  period  of  fixation  is  over.      After^ii 
produced  in  this  way  often  appear  and  disappear  a  number 
times  before  ceasing  entirely,  and,  although  the  color  at  first  is  1 
complementary  of  that  of  the  object  looked  at,  it  may  change  I 
its  final  disappearance*      Anyone  who  has  g;a2ed  for  even  a  1 
interval  at  the  setting  sun  wiU  remember  the  number  of  colored  i 
changing  after-images  seen  for  a  time  when  the  eye  is  turned  i 
another  })ortion  of  the  sky.    That  several  different  after-i 
are  seen  in  this  case  is  due  to  the  fact  that  the  eyes  are  not  1 
fixed  under  the  dauling  Ught  of  the  sun,  and  a  number  of  diffe 
images  are  formed,  therefore^  upon  the  retina. 
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^ter-images  may  be  used  in  a  very  instructi ve  way  to  show  that 
^^*™iiates  of  the  size  of  a  retinal  image  vary  with  the  distiince  to 
\ch  ^^e  project  it,^ — that  is,  with  the  distance  at  which  we  suppose 
®^  it.  Once  the  image  is,  so  to  speak,  branded  on  the  retina, 
ictual  si^e,  of  course,  docs  not  vaiy;  but  our  judgment  of  its  size 
''  be  noade  to  var}'  rapidly  by  projecting  the  image  upon  screens  at 
srent  distances.  If,  for  insUnce,  in  obtaining  the  after-image 
^  strips  shown  in  Fig.  147  one  moves  the  wMtc  paper  used 
atch  the  image  toward  and  away  from  the  eye,  the  apparent  size 
es  proportionally  to  its  distance. 

Color  Contrasts.— By  color  contrast  is  meant  the  influence 
.  one  color  field  has  upon  a  contiguous  one.  If,  for  instance,  a 
^  of  blue  paper  is  laid  upon  a  larger  yellow  square,  the  color 
■ph  of  them  is  heightened  by  contrast.  A  piece  of  blue 
W  on  a  blue  background  does  not  appear  so  saturated  as  when 
»d  a^inst  a  yellow  background*  The  influences  of  contrast 
be  shown  in  a  great  variety  of  ways  *  For  instance,  if  a  disc 
^hsLt.  in  the  illustration,  Fig.  149 A,  is  rotated  rapidly,  it  should 
sux^les  of  gray, the  darkest  at  the  middle;  but  each  circle  should 
^orm  as  it  is  made  by  the  fusion  of  a  definite  amount  of  white 
*Jaok.     On  the  contrar>%the  appearance  obtained  is  that  repre 


*    lUi-'—Black  and  white  dkc  lor  •3c-        Fig.  140B.— Showing  the  result  when  tbfl 
»*Ubeii  t  on  cofitrast.— {Rifod.}  diAG  A  ia  set  in  to  rapi  d  rotatj  cm. — {Rood.} 

le&ted  in  pig.  149B,  Each  circle  appears  darker  on  its  outer  edge 
|4*reU  borders  on  a  lighter  circle,  and  lighter  on  its  inner  edge  where 
porders  on  a  darker  circle.  Similar  contrasts  may  l>e  obtained  from 
comparing  shadows  cast  by  yellow  and  white  light.  If  a  rod  be 
iriaiiged  in  a  dark  room  so  as  to  cast  a  shadow  from  an  opening 
jdmitting  daylight  and  one  also  from  a  lighted  candle,  either  shadow 
iken  separately  appears  black,  but  if  the  two  are  cast  side  by  side 
De  will  appear  blue,  the  other  yellow.  The  shadow  cast  by  the 
^vlight,  being  illuminated  by  the  >  ellow  candle-light,  will  appear 
llow,  and  the  other  shadow,  that  from  the  candle-light,  mil  by 
♦  Rood,  "  Modem  Chromatica/'  "  InterpationaJ  Scientific  Series." 
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contrast  seem  quite  blue.  A  striking  instance  of  the  effect  of  co 
trast  is  given,  also^  by  the  simple  experiment  of  Mayer,  illustiat^ 
in  Fig*  148.  The  gray  square  on  the  green  background  suffers  t 
apparent  change  from  contrast,  but  if  the  figure  is  covered  by 
sheet  of  white  tissue  paper  the  gray  square  at  once  takes  on  a  fM 
dish  hue.  It  is  evident  that  in  all  artistic  and  ornamental  emplfl 
ment  of  colors  this  influence  must  be  considered,  and  empirid 
rules  are  estabhshed  whieh  indicate  for  the  normal  eye  the  beiK 
ficial  or  the  killing  effect  of  different  colors  when  brought  lot 
juxtaposition.  i 

Color  Blindoess.-^The  fact  that  some  eyes  do  not  port 
normal  color  vision  does  not  seem  to  have  attracted  the  attentifl 
of  scientific  observ^ers  until  it  was  studied  with  some  care  by  DalUH 
the  distinguished  Englkh  chemist,  at  the  end  of  the  eighi 
centurj\  Dalton  himself  suffered  from  color  blindness^ 
particular  variety  exhibited  by  him  was  for  some  time  d< 
as  Daltonism,  but  is  now  usually  designated  as  red  bUndness. 
subject  w*as  given  practical  importance  by  later  observers, 
cialiy  by  the  Swedish  physiologist  Holmgren  *  w^ho  emphasized 
relations  to  possible  accidents  by  rail  or  at  sea  in  connection 
colored  signals.  It  is  now  the  practice  in  all  civilized  countries 
require  tests  for  color  blindness  in  the  ease  of  those  who  in  rwlwij 
or  upon  vessels  may  be  responsible  for  the  interpretation  of 
The  numerous  statistics  that  have  been  gathered  show  that 
defect  is  fairly  prevalent,  esi>ecially  among  men.  It  is  said 
on  the  average  from  2  to  4  j>er  cent,  are  color  blind  among 
while  among  w^omen  the  proportion  is  much  smaller, — 0.01  to_l 
cent.  Among  the  poorly  educated  classes  the  defect  is 
more  common  than  among  educated  persons.  Color 
may  exist  in  different  degrees  of  completeness,  from  a  totali 
a  simple  imperfection  or  feebleness  of  the  color  sense» 
usually  congcniitaL  Among  those  persons  w^ho  possess  a  I 
chromatic  color  sense  differences  may  be  observed  in  reip 
to  the  proportions  of  different  colors  which  must  be  combii) 
to  make  a  match  with  a  given  standard.  This  condition  I 
be^en  shown  to  exist  particularly  for  the  combinations  of  red  i 
green  required  to  match  a  huraogeneous  yellow.  Individu 
who  ditTer  sensibly  from  the  normal  in  the  amounts  of  red  1 
grf*en  selected  to  make  such  a  match  have  been  describtnl 
having  an  *' anomalous  trichromatic  vision.**  t  Those  w^ho 
completely  color  bhnd  as  regards  some  or  all  of  the  fimdamen 

*  Holmgren,  "  Color  Bliridnesa  in  its  Relationa  to  Accidents  by  Bail 
Sea/'  "8mith.4onian  lii.«titution  Ri*|)ortH,"  Waj^hington,  187S,  Sci  jlU^ 
fries,  '*  Color  Blii>iJnes4,  its  Danger  and  its  Dtn taction/'  Boston. 

t  Consult  von  Kries  m  Nugt^a  Iiamll>uch  dt^r  Physiologie,  vol,  3,  p. 
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colors  fall  into  two  groups:  the  dichromatic,  whose  color  vision 
may  be  represented  by  two  fundamental  colors  and  their  com- 
binations with  white  or  black,  and  the  achromatic,  or  totally 
color  blind,  who  see  only  the  white-gray-black  series. 

Dichromatic  Vision. — The  color-blind  who  belong  to  this  class 
fall  into  two  or  three  groups,  which  have  been  designated,  under 
the  influence  of  the  Young-Helmholtz  theory  of  color  vision,  the 
red-blind,  the  green-blind,  and  the  violet-blind.  As  the  terms 
red-blind  and  green-blind  imply  a  more  specific  condition  of 
vision  than  is  found  to  be  the  case  on  careful  examination,  von 
Eries  has  suggested  as  a  substitute  the  names  protanopia  and 
d«iteranopia,  as  indicating  a  defect  in  a  first  or  second  constit- 
uent necessary  for  color  vision.  According  to  the  same  nomen- 
clature, so-called  violet-blindness  would  be  designated  as  tritan- 
ojMa.  From  this  standpoint  genuine  color  blindness  may  be 
refgarded  as  a  reduction  form  of  normal  trichromatic  vision  of 
Buch  a  character  that  all  the  color  sensations  may  be  conceived  as 
depoiding  upon  the  existence  of  only  two  fundamental  color 
processes.  The  most  common  by  far  of  these  groups  is  that  of  so- 
called  red-blindness  (protanopia) ;  it  constitutes  the  usual  form  of 
color  blindness.  As  a  matter  of  fact,  persons  so  afifected  are  in  real- 
ity red-green  blind.  In  what  may  be  called  the  most  typical  cases 
they  distinguish  in  the  spectrum  only  yellows  and  blues.  The 
red,  orange,  yellow,  and  green  appear  as  yellow  of  different  shades, 
le  green-blue  as  gray,  and  the  blue- violet  and  purple  as  blue, 
rhe  red  end  of  the  spectrum  is  distinctly  shortened,  especially 
i  the  illumination  is  poor,  and  the  maximum  luminosity,  instead 
rf  being  in  the  yellow,  as  in  normal  eyes,  is  in  the  green.  When 
the  spectrum  is  examined  by  such  persons  a  neutral  gray  band  is 
teen  at  the  junction  of  the  blue  and  green.  In  some  cases,  how- 
ever, this  neutral  band  is  not  seen,  the  yellow  passing  with  but 
ittle  change  into  the  blue.  As  a  matter  of  fact,  in  red-blindness 
h  most  characteristic  defect  is  a  failure  to  see  or  to  appreciate 
he  green.  This  color  is  confused  with  the  grays  and  with  dull 
hades  of  red.  When  such  persons  are  examined  for  their  negative 
fter-images  for  different  colors,  it  will  be  noted  that  they  de- 
cribe  some  of  their  after-images  as  red,  the  after-image  of  indigo- 
lue.  for  example,  but  that  they  describe  none  as  green.  The 
fter-image  of  purple,  for  instance,  which  to  the  normal  eye  is 
right  green,  is  described  by  them  as  gray  blue  or  pale  blue, 
rom  the  descriptions  given  it  is  probable  that  the  color  vision 
the  so-called  red-blind  is  not  by  any  means  the  same  in  all  cases, 
it  exhibits  many  individual  dififerences.  The  green-blind  are 
o,  according  to  recent  descriptions,  red-green  blind;  they  also 
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confuse  reds  and  greens  and  in  the  spectrum  are  eonseioiis  of  onlj^ 
two  color  qualities,  namely,  yellow  and  blue.     They  differ  froo» 
the  red-blind  in  that  the  red  end  of  the  spectrum  is  not  shortened, 
and  the  maximum  luminosity,  as  with  the  normal  eye,  is  placed 
in  the  yellow.     In  the  matching  and  combination  of  colore  theyj 
show  distinct  differences  from  the  red-blind,  so  that  though  re- 
sembling the  latter  in  general  features,  they  differ  obvioualy  in  j 
Bome  details.     As  compared  with  the  protanopes,  it  may  be  said  ^ 
that  their  retinas  are  more  sensitive  to  the  long  waves  in  the 
spectrum.     Violet   blindness    (tritanopia)    seems   to   be  so  rare 
as  a  congenital  and  permanent  condition  that  no  very  exact  study 
of  it  has  been  made.     In  cases  of  acquired  tritanopia  r^ulting 
from  pathological  changes  it  is  reported  that  the  violet  end  d  , 
the  spectrum  is  colorless  (neutral)  and  that  a  neutral  band  appean  j 
also  in  the  yellow-green  region  of  the  spectrum.*     By  the  ingestion  j 
of  santonin  it  is  said  that  a  condition  of  this  kind  may  be  produced  | 
temporarily.     The  violet  end  of  the  spectrum  is  shortened  and] 
white  objects  take  on  a  yellowish  hue.     The  conditions  produced] 
by  santonin  are  evidently  more  complex  than  can  be  explaiiiei] 
by  simply  assuming  that  the  violet  color  sense  is  lost.     Reeeoi] 
observers  t  state  that  the  drug  produces  a  condition  of  ycBoirj 
vision,  outside  the  fovea,  in  the  daylight,  and  a  condition  ofj 
violet  vision  with  yellow-blindness,  but  no  red-  or  green-blindoeas. 
in  dim  lights. 

Tests  for  Calor  Blindness. — Although  the  vision  of  the  red  and | 
the  green  blind  is  deficient  as  regards  ^neen  and  red  colors,  it  will 
be  found  in  many  cases  that  they  recognize  these  colors  and  namel 
them  correctly^  having  adopted  the  usual  nomenclature  and  adapted] 
it  to  their  own  standards.     In  order  to  detect  the  deficiency  thcjrl 
must  be  examined  by  some  test  which  will  compel  them  to  matAJ 
certain  colors.     Under  these  circumstances  it  i^ill  be  found  that| 
along  with  correct  matches  they  will  make  others  which  to  the  i 
mal  eye  are  entirely  erroneous.     A  great  number  of  methods  haf 
been  proposed  and  used  to  detect  color  blindness.     The  simp 
perhaps  is  that  of  Holmgren.|     A  number  of  skeins  of  wool  are  i 
and  three  test  colors  are  chosen, — namely,  (I)  a  pale  pure  j 
skein,  which  must  not  incline  toward  yellow  green;  (II)  a  mediu 
purple  (magenta)  skein;  and  (III)  a  vi\id  red  skein.    The  persoii| 
under  investigation  is  given  skein  I  and  is  asked  to  select  fromi 
pile  of  assorted  colored  skeins  those  that  have  a  similar  color  valu 
He  is  not  to  make  an  exact  match,  but  to  select  those  that  j 

•  Collins  and  Xaji^el,  ''Zeitsphrift  f.  Paychol.  n,  Pbvsiol,  d.  Sinnesorgail^^ 
1906.  xli.,  74. 

T  Siv6n  and  Wendt,  "  Skandinaviaches  Arcliiv  f,  Physiologie,"  14,  196» 
1903,  and  1905,  17,  30G. 

}  For  details  see  the  works  of  Holmgren  and  of  Jeffries^  already  quoted. 
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to  have  the  same  color.  Those  who  are  red  or  green  blind  will  see 
the  test  skein  as  a  gray  with  some  yellow  or  blue  shade  and  will 
ielect,  therefore,  not  only  the  green  skeins,  but  the  grays  or  grayish 
jellowand  blue  skeins.  To  ascertain  whether  the  individual  is  red 
or  green  blind  tests  11  and  III  may  then  be  employed. 

With  test  II,  medium  purple,  the  red  blind  will  select,  in  addition 
to  other  purples,  only  blues  or  violets;  the  green  blind  will  select  as 
''oonfiision  colors''  only  greens  and  grays. 

With  test  ni,  red,  the  red  blind  will  select  as  confusion  colors 
greens,  grays,  or  browns  less  luminous  than  the  test  color,  while  the 
peen  blind  will  select  greens,  grays,  or  browns  of  a  greater  brightness 
Aan  the  test. 

Achramalic  Vision. — ^A  number  of  cases  of  total  color  blind- 
leBB  have  been  carefully  examined.*  It  would  seem  that  in 
mch  individuals  there  is  an  entire  loss  of  color  sense, — they  possess 
ohr  Achromatic  vision.  The  external  world  appears  to  them  only 
n  shades  of  gray.  In  the  majority  of  these  cases  (f )  there 
Bftv^on  of  blindness  in  the  fovea  (central  scotoma),  and  an 
mnsaal  sensitiveness  to  light  and  nystagmus  (rolling  movement  of 
be  greballs)  are  also  characteristic.  Since  the  peripheral  field  of 
nmrn  is  nearly  normal  as  regards  sensitiveness  to  light,  while  the 
sentral  field  is  frequently  blind  or  amblyopic,  it  has  been  assumeo 
ihat  this  condition  is  one  of  loss  of  function  in  the  cones. 

Distribution  of  the  Color  Sense  in  the  Retina.— What  has 
Men  said  above  in  regard  to  color  blindness  refers  especially  to  the 
Kttteal  field  of  vision.  When  we  examine  the  peripheral  field  in 
he  normal  eye  it  is  found  that  on  the  extreme  periphery  the  retina 
B  totally  color  blind,  perceiving  only  light  and  darkness, — that  is, 
he  shades  of  gray.  As  we  pass  in  toward  the  center  the  color 
ense  develops  gradually,  the  blue  colors  being  perceived  first  and 
he  greens  last, — ^that  is,  nearest  to  the  center, — so  that  in  a  cer- 
am  zone  the  normal  eye  is  red-green  blind.  The  distribution  of 
he  color  sense  may  be  studied  conveniently  by  means  of  the  pe- 
hncter  (see  p.  335).  It  will  be  found  to  vary  with  each  individual, 
omuch  so  that  it  is  possible  that  a  test  of  this  character  might  be 
«ed  for  the  identification  of  individuals.  Exceptionally  it  is  found 
bat  the  entire  retina  possesses  a  nearly  normal  color  sense.  Usu- 
By  for  the  colors  red,  green,  and  blue,  the  blue  has  the  most  exten- 
ve  field  and  the  green  the  least,  as  is  indicated  in  the  perimeter 
lart  given  in  Fig.  150.  If  the  green  chosen  is  blue  green  (490 /x/i) — 
at  is,  the  complementary  of  the  red — it  is  stated  that  their  fields 
B  co-extensive,  t    From  this  standpoint  the  retina  presents  three 

•  Grunert,  "Archiv  ftir  Ophthalmologie,"  56,  132,  1903. 
t  Baird,  "The  Color  Sensitivity  of  the  Peripheral  Retina/'  Carnegie  Pub- 
ition,  No.  29,  1905. 


.,    LW* — Periirieliir  chart   indiG&tiiig  the  avcro^  fields  of  vision  fori , . 

green  compared  with  white  jffray),     Ri«htoye:   The  outlines  <rf  the  color  fSetiSi  it 
oented  us  smooth  (iuic»  the  chart  is  an  average  from  many  determixijitionA.     Abbh 
fact.  ID  each  individual  the  outline  ta  highly  ineipilar-     Normally  green  (bright  git 
flcnaUecLt  field*  greeo  objects  outaide  the  mnit  apt>eariDg  yeUgw  and  farther  ou4 
(gray). 

the  different  fields  usually  show  many  iiregularities,  and  in 
cases  it  will  be  found  that  bright  green  is  perceived  over  a  larg< 
than  the  red.  The  fields  are  not  identical  in  the  two  ey^,  t 
each  eye  it  is,  as  a  nilej  more  extensive  upon  the  nasa) 
upon  the  temjwral  side  of  the  retina.  In  the  red-green  blil 
peripheral  fields  of  color  vision^  judged  by  the  individual^ 
standards,  may  be  markedly  constricted  as  compared  with  tl 
mal  retina  (see  Fig,  151)* 

Functions  of  the  Rods  and  Cones. — Many  facte  unite  i 
ing  it  probable  tliat  ilie  rodt^  and  cones  are  different  in  fu 
They  differ  in  structure  and  especially  in  their  connections, 
shown  in  the  diagram  given  in  Fig.  152,  the  cones  terminati 
external  nuclear  layer  in  arborizations  which  connect  with  i 
polar  ganglion  cells,  and  in  the  fovea  at  least  this  coimectioa 

•It  is  interesting  to  find  (Haycraft)  that  around  the  blind  spot  tl 
small  zone  whichi  liKc  the  pcripherj^  of  the  retina,  w  compk-lely  cok 
that  18,  pereeivea  only  gray,  and  external  to  this  the  color  sfiii«?  is  d< 
in  35one8  who64*  order  is  similar  to  that  on  the  periphery  of  the  retina. 
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^t  each  ^^^j^^  connects  with  a  single  nerve  cell  and  eventually  per- 
P®.  th  a  single  optic  nerv^e  fiber.  The  rods,  on  the  contran', 
-  ^^Ugle  knob-like  swelling,  and  a  number  of  them  make  con- 

^     ^   "^th  the  same  nen'e  cell.     Histologically,  therefore,  the 
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'if  tSl. — Perimeier  chart  ahnwini^  the  hiifhly  reatficted  eolor  fields  in  the  left  eya 

i*t>pcal  c»st  f>f  jtcHcaJXed  red-green  ciilqr  bUnilne«s.     This  ability  to  tiiaiiriKubh  red  and 

fjjt  by  vhatever  chjiLrart«iisti<»  of  intcDeity  or  color  they  pQaneaaed  extended  for  &  very 

part  (Ufitaoce  vut^idt:  the  fovea.     It  is  iaterealing  th^t  the  ability  to  distiiigiiidh  blue  wu 

*  Uttfl  cue  ttmited  &»  compared  with  jl  nonnid  eye. 


iction  paths  for  the  cones  seem  to  be  more  direct  than  in 
case  of  the  rods.  These  latter  elements,  moreover,  possess  the 
purple,  which  is  lacking  in  the  cones.  Lastly,  in  the  eye  of 
totallv  color  blind,  in  the  dark-adapted  eye  in  dim  hghts,  in  the 
color-blind  peripheral  area  of  the  noraial  eye,  and  in  the  eyes  of 
JHQBt  distinctly  night-seeing  animals,  such  as  the  mole  and  the  owl^ 
triaon  seems  to  lie  effected  solely  by  the  rods,  Ihe^se  facts  find 
tbeir  simplest  explamttion  perhaps  in  the  view  advocated  by  Pari- 
'Slud;  Franklin,  von  Ivries,*  and  others,  according  to  which  the 
tJerception  of  color  is  a  function  of  the  cones  alone,  while  the  rods 
*r»*  sensitive  only  to  light  and  darkness,  and  Ijy  virtue  of  their  power 
of  adaptation  in  the  dark  through  the  regeneration  of  their  visual 
jmrple,  they  form  also  the  special  apparatus  for  \ision  in  dim 
•  Von  Kri«,  **  Zeitschrift  f.  Psyehologle  u.  Physiob  d.  Sinnc^orguno,"  9, 


1895. 
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Ftg.  1 52.— Schema  «{  the  stmcture  *if  the  huiTi»a  retina  (Or9€ff)t  A  PIfi 
I/,  rcxJ  and  cooe  lAver;  ///,  outer  nudcmr  layer;  I\\  exteni&l  ptexiform  laye 
of  horicontvl  oella;  1'/,  Lftjer  of  bipolmr  ceLls  fintier  nuclear)  i  Vlf^  layer  of  ^ 
(without  axon^):  Vllt,  initer  plexifoini  JAyer;  iX^  g&nglioii  cell  las^r; 
layer;  6*  fiber  of  Mailer, 

which  the  vision,  while  good  in  daylight,  is  faulty  or  lackii 
lights  (night  blindness,  hemeralopia)  may  be  referred  to  a 
functional  activity  of  the  rods,  probably  from  lack  of  forn 
\dBual  purple. 

Theories  of  Color  Vision. — A  number  of  theories  h 
proposed  to  explain  the  facts  of  color  vision.  None  of  1 
been  entirely  successful  in  the  sense  that  the  explanationa : 
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have  been  submitted  to  satisfactory  experimental  verification.  The 
immediate  stimuli  that  give  rise  to  the  visual  impulses  are  assumed 
to  be  of  a  chemical  nature,  and  it  seems  probable  that  in  this 
ease  as  in  that  of  many  other  problems  of  physiology,  we  must 
await  the  development  of  a  more  complete  knowledge  of  the 
chemical  processes  involved.  The  theories  proposed  at  present, 
while  all  tested  by  experimental  inquiries,  are  in  a  laige  measure 
hypotheses  constructed  to  fit  more  or  less  completely  the  facts  that 
are  known.  Three  of  these  theories  may  be  described  briefly  as 
examples  of  the  modes  of  reasoning  employed: 

/.  The  Young-HdmhoUz  Theory, — ^This  theory,  proposed  essen- 
tially by  Thomas  Young  (1807)  and  afterward  modified  and  ex- 
pmded  by  Helmholtz,*  rests  upon  the  assumption  that  there  are 
three  fundamental  color  sensations, — red,  green,  and  violet — and 
wiresponding  with  these  there  are  three  photochemical  substances 
in  the  retina.  By  the  decomposition  of  each  of  these  substances  cor- 
responding nerve  fibers  are  stimulated  and  impulses  are  conducted 
to  a  special  system  of  nerve  cells  in  the  visual  center  of  the  cerebrum, 
^theoiy,  therefore,  assumes  special  nerve  fibers  and  nerve  centers 
corresponding  respectively  to  the  red,  green,  and  violet  photo- 
chemical substances,  and  Uie  peculiar  quality  of  the  resulting  sensa- 
tions are  referred,  in  the  original  theory,  to  the  dififerent  reactions 
^  consciousness  in  the  three  corresponding  centers  in  the  brain. 
^fhsn  these  three  substances  are  equally  excited  a  sensation  of 
'^hite  results,  of  greater  or  less  intensity  according  to  the  extent  of 
he  excitation.  White,  therefore,  on  this  theory,  is  a  compound 
BQsation  produced  by  the  combination  or  fusion  in  consciousness 
I  the  three  equal  fundamental  color  sensations.  The  sensation  of 
lack,  on  the  other  hand,  results  from  the  absence  of  stimulation, 
Om  the  condition  of  rest  in  the  retina  and  in  the  corresponding 
are  fibers  and  nerve  centers.  All  other  color  sensations — ^yellow, 
f  instance — are  compound  sensations  produced  by  the  combined 
imulationof  the  three  photochemical  substances  in  dififerent  propor- 
ms.  It  is  assumed,  furthermore,  that  each  of  the  photochemical 
bstances  is  acted  upon  more  or  less  by  all  of  the  visible  rays  of  the 
wtnim,  but  that  the  rays  of  long  wave  lengths  at  the  red  end 
the  spectrum  afifect  chiefly  the  red  substance,  those  corresponding 
the  green  of  the  spectrum  chiefly  the  green  substance,  and  the 
rs  at  shortest  wave  length  chiefly  the  violet  substance.  These  rela- 
Qships  are  expressed  in  the  dia^:am  given  in  Fig.  153)  The  figure 
0  indicates  that  it  is  impossible  to  stimulate  any  one  of  these  sub- 
nces  entirely  alone, — that  is,  we  cannot  obtain  a  perfectly  satu- 
ed  color  sensation.    Even  the  extreme  red  or  the  extreme  violet 

*  Helmholta,  "Handbuch  der  physiologischen  Optik,"  second  edition, 
5,  I,  344. 
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rays  act  more  or  less  on  all  of  the  substances,  and  the 
or  violet  sensation,  is,  therefore,  mixed  to  some  extent  with  ^ 
that  is,  is  not  entirely  saturated.    The  theor)%  as  stat^ed  by 
holtz,  held  strietly  to  the  doctrine  of  specific  nen^e  energy , in  i 
that  each  photochemical  substance  serves  simply  as  a  ] 
excitation  of  a  nen*e  fiber,  and  that  the  quality  of  the 
aroused  depends  on  the  ending  of  this  filx^^  in  the  brain, 
nomenon  of  negative  after-images  finds  a  simple  explanation  in  1 
of  this  theoiy.     If  we  look  fixedly  at  a  green  object,  for  ea 
the  corresponding  photxx^hemical  substance  is  chiefly  acted  upon^ 
if  subsequently  the  same  part  of  the  retina  is  exposed  to  white  !i^ 
the  red  and  violet  substances,  having  been  previously  less  act 
upon,  now  respond  in  greater  proportions  to  the  white  light,  ai 


r 
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the  Yoyne-HeLmholts  theory  of  color  \-i«ioo.— (W* 
ted  in  their  natural  order, — r»d  to  \iolet.  TliMwJ 
I  of  tb«  thi«fl  color  mib^cknom:   1«  The  ittl  perv** 


Fig.  153.— Schetma  to  illustrate  the 
fuiU*,)     The  Rpeetiml  oolora  are  arraoged 

represent  the  intennty  of  atimul&lion  of ., , 

su ci>»tan<?« ;   2,  the  xmtn  ^rtjeiving;     3^  the  violet  perceiving.      Verticals  dmwD  •»  * 
p)iDt  of  the  sfipectruni  indicate  the  relative  amomit  of  sttimtiUticm  of  the  three 
lor  that  wave  lerigtb  of  the  spectrum. 

the  after-image  takes  a  red-violet^that  is,  purple — color,  Man 
objections  have  l>een  raised  to  the  Young- Helmholtz  theor>\ 
has  \yeen  urged,  for  instance,  that  w*e  are  not  conscious  that  whi 
or  yellow  sensations  are  blends  or  compounded  color  sensatioii 
we  perceive  in  them  none  of  the  supposed  componc^it  elemejois 
we  do  in  such  undoubted  niixtui*es  as  the  blue-greens  or  the  purpl 
The  theory  explains  poorly  or  not  at  all  the  fact  thaton  the  periphfl 
of  the  retina  we  arc  color  blind  and  yet  can  perceive  white  tirgli 
and  it  breaks  down  alsi>  in  the  face  of  the  facts  of  partial  and  co( 
plete  color  blindneas.  The  explanation  given  for  black  is 
unsatisfactory^  in  that  it  assumes  an  active  state  of  consciousDi 
associated  with  a  condition  of  rest  in  the  visual  mecbanisnL 

//.  Herim/s  Theorij  of  Color  Vision, — This  theory  also 
the  existence  in  the  retina  of  three  photochemical  substaocfe,  h 
of  such  a  nature  as  to  give  us  six  different  qualities  of  sensntn^ 
There  is  a  white-black  substance  which  when  acted  upon  i*\  f 
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visible  rays  of  light  undergoes  disassimilation  and  sets  up  nerve 
impulses  that  arouse  in  the  brain  the  sensation  of  white.  On  the 
other  hand,  when  not  acted  upon  by  light  this  same  substance  under- 
goes asdmilatory  processes  that  in  turn  set  up  nerve  impulses  which 
inthebraingive  us  a  sensation  of  black.  There  are  in  the  retina  also 
a  led-gieen  and  a  yellow-blue  substance.  The  former  when  acted 
upon  by  the  longer  rays  undergoes  disassimilation  and  gives  a 
flensation  of  red,  while  the  shorter  waves  cause  assimilation  and 
produce  a  sensation  of  green.  A  similar  assumption  is  made  for 
the  yellow-blue  substance.  The  essence  of  the  theory  may  be  stated, 
tkeiefore,  in  tabular  form,  as  follows  *: 


PBOrOCBXiaCAL  SUBtTANCB.  RbtINAL  PROCESS. 

T)^j /  Disassimilation 

^^-^^^^ \  Assimilation 

Yenow4>Iue {STSf" 


White-black. 


f  Disassimilation 
\  Assimilation 


Sensation. 
red 
green 
yellow 
blue 
white 
black 


It  will  be  observed  that  the  theory  gives  an  independent  ob- 
jective cause  for  the  sensations  of  white,  black,  and  yellow,  and  in 


^R^.  154^— Schema  to  illustrate  the  Hering  theory  of  color  vision. 
i  PnpiH  tadieate  the  relative  intensities  of  stimulation  of  the  three  color  suusuuioes  oy  c 
S[B*Puts  of  the  spectrum.     Ordinates  above  the  axis.  X-X^  indicate  catabolio  ohani 
WMMBnflation),  those  below  anabolic  changes  (assimilation).      Curve  a  represents  1 


_      (FoBter.)    The 

substances  by  dif* 

igss 

.. „—  . ,.      ._r the 

for  the  black-white  substance.     It  is  stimulated  by  all  the  rays  of  the  visible 
with  maTiTTinm  intensity  in  the  yellow.     Curve  c  represents  the  red-green  sub- 
thelonger  wmve  lengths  causing  disassimilation  (red),  the  shorter  ones  assimilation 
Curve  h  gives  the  conditions  for  the  yellow-blue  substance. 


ito  respect  satisfies  the  objections  made  on  this  score  to  the  Young- 
IBelmholtz  theory.  It  fits  better,  also,  the  facts  of  partial  and  total 
{fobrbUndness.    In  the  latter  condition  one  may  assume,  in  terms  ot 

•For  discussion  of  color  theories  see  Calkins,  "Archiv  f.  Physiologic," 
w,  suppl  volume,  p.  244;  also  Greenwood  in  Hill's  "  P'urther  Advances 
I  Physiology,"  p.  378,  1909. 
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this  theory*,  that  only  the  whit^black  substance  is 
red  and  green  bliridness^ — both  of  them,  it  will  be  recalled,  real/r 
forms  of  red-green  blindness — ^are  explained  on  the  \iew  that  in  such 
persons  the  red-green  substance  is  deficient  or  lacking.  On  this 
theor^%  complementary  colors— red  and  blue-green,  yellow  aod 
blue — are,  in  reality^  antagonislic  colors.    When  thrown  on  tli 

retina  simultaneously  their 
effects  neutralize  each  other 
and  there  remains  over  only 
the  disassimilatorj^  effect  ob 
the  white  substance  wl  ' 
exerted  by  all  the 
rays.  The  effect  of  the  va 
oils  visible  rays  of  the 
trum  on  the  three  ph 
chemical  substances  ; 
trated  by  the  chart , 
Fig.  154.  Ordinate© 
the  abscissa  representing  d 
as6imilator>'  effects; 
below,  assimilatory. 

///.  Tht  Franklin  \ 
of  Color   ViMon    (Moln 
Dimociaimn     Theory )  .—1 
theory;  proposed  by  Mrs. 
L.  Franklin,*  takes  into  i 
count  the  fact  of  a  gradu 
evolution  of  the  color  i 
of  the  retina  from  a  primiti^t 
condition  of  colorless  via 
such  as   still   exists  in 
periphery  of  the  retina  i 
in  the    eyes   of    the  toti 
color  blind.     It  i 
the     colorless 
white*  gray,  black — afe< 
sioned  by  the  reactions  of  I 
photochemical     m  a  l  e  ril 
which    for  convenience 
be   designated   as   the 
substance.     This  substance  in  the  normal  eye  exists  in  both 
and    rones;    in  the  latter,  however,  in  a  differentiated  condit 
capable  of  giving  color  sensations.      When  the  molecules  of 
substance  are  completely  dissociated  by  the  action  of  light, 

♦  Franklin,  ^' Zeit^chrift  f.  Psvcliolo^ie  und  Phys.  d.  SinnefiorKiin*/'  18 
iv;  also  "Mind/'  2.  473,  1893,  &nd  "  PsychologjcafReview,'*  1894;  1896,  !8 


o 


Fi£.  155. — B«hein«  to  Sllustmt*  the  Fmak- 
Un  th«fjry  of  color  viiuon  {Franklin) :  W^  Th* 
molecule  of  tbe  primitive  vbiiol  tgrAy-perooiv' 
iciC)  fiubt^tanco;  Y  and  B,  the  Arst  step  id  th« 
differ 


differentlatioD  into  a  yellow-  and 


,  step 
a  bli 


ue-licr- 


oeivitiE  aub8taiiff«,  whrx^  combined  diasoci&tiDft 
govern  the  tiame  efTen^t  ins  that  of  lh«  origiAal  sub* 
Rtiuice,  Wi  O  aod  J%*  tbe  eecood  step  in  %bm 
differentiation  of  the  yelloir-jierceifiiif  mib- 
fltance,  the  combined  ifissociation  of  the  two 
giHnriig  the  Hame  effect  &h  that  of  the  yt?liow-per- 
odviiig  gubntnnpe  alone.  The  complete  devcl- 
optoent  of  color  n^ion  &s  it  exiat«i  in  the  oeotrml 
part  of  the  retina  corinii^ts  in  tb^  eadatonoe  of 
Ibree  mibstaneee,  which,  taken  eeparatety,  give 
red*  greea«  and  blue  color  aenaationa. 
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leDsatiOQs  result,  and  as  this  is  the  only  reaction  possible  in  the 
tods  these  elements  can  furnish  us  only  sensations  of  this  quality. 
The  molecules  of  gray  substance  in  the  cones,  on  the  other 
httidi  have  undergone  a  development  such  that  certain  portions 
ooljr  of  the  molecule  may  become  dissociated  by  the  action  of  light 
of  certain  periods  of  vibration.  This  development  may  be  sup- 
posed to  have  taken  place  in  two  stages:  first,  the  formation  of 
^0  groupings  within  the  molecule,  one  of  which  is  dissociated  by 
the  longer  waves  and  gives  a  sensation  of  yellow,  and  one  of  which 
8  dissociated  by  the  shorter  waves  and  gives  the  sensation  of 
ihe.  This  stage  remains  still  on  portions  of  the  periphery  of  the 
Btina,  and  is  the  condition  present  in  the  fovea  also  in  the  eyes 
f  the  red-green  blind.  The  second  stage  consists  in  the  division 
f  the  yellow  component  into  two  additional  groupings  in  one 
'which  the  internal  movements  are  of  such  a  period  as  to  be 
fected  by  the  longest  visible  waves,  the  red  of  the  spectrum, 
hile  ihe  other  is  dissociated  by  rays  corresponding  to  the  green 

the  spectrum  and  gives  rise  to  the  sensation  of  green.  If 
e  red  and  green  groupings  are  dissociated  together  the  resulting 
bet  is  the  same  as  follows  from  the  dissociation  of  the  entire  yellow 
nnponent,  while  the  complete  dissociation  of  the  red,  green,  and 
be  groupings  gives  the  stimulus  obtained  originally  from  the  disso- 
ation  of  the  whole  molecule,  and  causes  gray  sensations.  The  idea 
'  this  subdivision  or  diflFerentiation  in  structure  of  the  original  gray 
ibstance  is  indicated  diagrammatically  in  Fig.  155.  The  theory 
soounts  admirably  for  many  phenomena  in  vision,  and  is  perhaps 
pedally  adapted  to  explain  the  facts  of  color  blindness  and  the 
Illations  in  quality  of  our  visual  sensations  in  the  peripheral  areas 

the  retina.  An  extension  and  modification  of  this  theory 
\a  been  published  by  Schenck."^  He  assumes  that  each  of  the 
nee-color  perceiving  substances  is  composed  of  two  parts. 
ae  part  which  acts  as  a  receiver  for  the  stimulus,  a  sort  of  an 
itical  resonator,  in  fact,  and  a  second  part  which  is  set  into 
tivity  by  the  receiver  and  gives  rise  to  the  corresponding 
lor  sensation.     The  theory  is  very  elastic  in  its  adaptability 

the  various  kinds  of  color  blindness. 

The  two  latter  theories  seem  to  imply  that  a  number  of  dififerent  kinds 
fiyipiilMaa  may  be  transmitted  along  tne  optic  fibers.  Bering's  theory  re* 
ires  imarently  the  possibility  of  six  qualitatively  different  impulses, — 
mdy,  iraite,  bmck,  red,  green,  yellow,  and  blue, — while  the  Franklm  theory 
nmes  impulsefl  corresponding  to  white  (gray),  red,  green,  yellow,  and  blue. 
lek  is  not  specifically  aoooimted  for  except  as  a  part  of  the  gray  series.  At 
meat  in  physiology  there  is  no  proof  that  nerve  impulses  can  differ  quali« 
hnfy  from  each  other,  although  it  may  be  uixed,  perhaps  with  equal  force, 
d  there  is  no  proof  that  they  can  not  so  diner.  The  doctrine  of  specific 
ye  energy  assumes  that  nerve  impulses  are,  as  regards  quality,  always 

♦Schenck,  "Archiv  f.  d.  gesanunte  Physiologie, "  118,  129,  1907. 
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the  flame,  and  differ  from  one  another  only  in  intend ty,  the  qualitAtiVio 
ences  that  exist  ainon^  ^i^sjitions  being  referred  to  a  differeooe  in  1 
in  the  endn^rgan  in  the  brain, 

Entoptic  Phenomena.— Under  the  term  entoptic  phenomei 
Is  included  a  number  of  visual  sensations  due  to  the  shado^ 
various  ol^jects  within  the  eyeball  itself.  Ordinarily  these  shaM 
are  imperceptible,  o'^ing  to  the  diffuse  illumination  of  the  inte| 
of  the  eye  through  the  relatively  wide  opening  of  the  pupiL  | 
means  of  various  devices  the  illumination  of  the  eye  may  bd 
controlled  as  to  make  these  shadows  more  thstinct  and  thus  bd 
the  retinal  images  into  consciousness.  Some  of  these  entopic  \ 
pearances  are  described  briefly,  but  for  a  detailed  descriptioD  ( 
reader  is  referred  to  the  classical  work  of  Helmholtz.*  ,i 

The  Blood'corpusdes, — The  entoptic  images  that  are  most  ea(| 
recognized  perhaps  are  those  of  the  moving  corpuscles  in  the  ca| 
laries  of  the  retina.  If  one  looks  off  into  the  blue  sk^"  he  will  hi 
no  difficulty  in  recognizing  a  niimlDcr  of  minute  clear  and  dark  spd 
that  move  in  front  of  the  eye  in  definite  paths.  The  charact< 
the  movement  lea^'es  no  doubt  that  these  sensations  an?  due  to| 
shadows  of  the  blood-corpuscles.  In  fact,  the  shadows  often  \ 
a  rhythmic  acceleration  in  velocity  s>Tichronous  with  the 
beats,  a  pulse  movement.  By  projecting  the  mo\ing  images  i 
a  screen  at  a  known  distance  from  the  eye  the  velocity  of  the  < 
lary  circulation  has  been  estimated  in  man. 

The  Retinal  Blood-iTssels. — The  blood-vevSsels  of  the  retin 
in  front  t>f  the  rods  and  cones  and  must  necessarily  throw 
shadows  upon  these  sensitive  end-organs.  The  shadows  maj 
made  more  distinct  and  a  visual  picture  of  the  vessels  obt 
a  nurnljcr  of  methods.  For  instance,  if  a  card  with  a  pin 
through  it  is  moved  slowly  in  front  of  the  eye  the  images  of  I 
blood-vessels  stand  out  in  the  field  of  \dsion  with  more  or  f 
distinctness.  The  card  shouhi  be  given  a  circular  movement  fl 
is  kept  in  one  position  the  images  quickly  disappear,  since  I 
retina  apparent!}'  fatigues  very  quickly  for  such  faint  impressii 
A  more  impressive  picture  may  be  obtained  by  the  methodj 
Purkinje.  In  a  dark  room  one  holds  a  candle  toward  the  side  of  t 
head  in  such  a  position  as  to  give  the  sensation  of  a  glare  in  t 
corresi:»onding  eye.  If  the  eye  is  directed  toward  the  oppoi 
side  of  the  room  and  the  candle  is  kept  in  continual  circJ 
movement  the  blood-vessels  appear  in  the  field  of  vision  mag 
fied  in  proportion  to  the  distance  of  projection;  the  picture  i 
the  impression  of  a  thicket  of  interlacing  liratiches.  In 
periment  the  light  from  the  candle  strikes  the  nasal  side  of  \ 

•  llelmholtz,   **Haudbuch  Uer  physiologiHcheii  Optik/*  secscmd 
I,  184, 
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a  at  an  oblique  angle  and  is  reflected  toward  the  other  side 
e  globe.  The  blood-vessels  are  in  this  way  illuminated  from 
lusual  direction  and  their  shadows  are  thrown  upon  a  por- 
i  the  retina  not  usually  affected  and  for  that  reason  perhaps 
sensitive  to  the  impression. 

xferfedions  in  the  Vitreous  Humor  and  the  Lens, — Small  frag- 
of  the  cells  from  which  the  vitreous  humor  was  constructed 
embryo  and  simi- 
itively  opaque  ob-  .  j 
m  the  lens  may 
shadows  on  the 
bottom.  These 
?B  take  different 
but  usually  are  de- 
l  as  small  spheres 
uis,  single  or  in 
>  that  move  with 
es  and  are  desig- 
therefore,  as  the 
volitantes  (flitting 
floating  flies).  To 
ut  these  shadows  it  is  convenient  to  make  the  source  of  illu- 
)n  small  and  to  bring  it  at  or  nearer  than  the  anterior  focal 
e  of  the  eye  (15  to  16  mms.).  The  method  employed  for  this 
B  by  Helmholtz  is  illustrated  in  Fig.  156.  In  this  figure  6 
idle  flame,  and  a  a  lens  of  short  focus  which  makes  an  image 
lame  at  the  small  opening  shown  in  the  dark  screen,  c.  The 
»laced  just  behind  this  opening  and  is  illuminated  by  the  rays 
le  small,  bright  image  of  the  flame  at  that  spot.  The  shadows 
1  projected  upon  the  illuminated  surface  of  the  glass  lens. 


Fig.  156. — Helmholts's  method  of  showing  en- 
toptio  phenomena  due  to  imperfections  in  the  lens 
and  vitreous  (Helmholtz):  c,  a  screen  with  pinhole; 
a,  lens  with  short  focus. 


CHAPTER  XIX. 
BINOCULAR  VISION. 

Vision  with  two  eyes  differs  from  monocular  vision  chiefly  in 
the  varied  combinations  of  movements  of  the  two  eyeballs  and  the 
aid  thereby  afforded  in  the  determination  of  distance  and  sUe. 
in  the  enlarged  field  of  vision,  and,  above  all,  in  the  more  exact  per- 
ception of  solidity  or  perspective,  especially  for  near  objecu^. 

The  Moyanents  of  the  Eyeballs, — Each  eyeball  is  moveii 
by  six  extrinsic  muscles  which  are  innervated  through  three 
cranial  nerves.  The  third  or  oculomotor  ner\^e  controls  the  ioieniil 
rectus,  the  superior  rectus,  the  inferior  rectus,  and  the  inferior 
oblique;  the  fourth  cranial  nerve  (n,  patheticus)  innervates  the 
superior  oblique  alone;  and  the  sixth  cranial  (n.  abducem)  ihf 
external  rectus  alone.  By  means  of  these  muscles  the  eyebalb  miy 
be  given  various  movements,  all  of  which  may  be  considered  ** 
rotations  of  the  ball  around  various  axes.  The  common  point  of 
interseetion  of  these  axes  is  designated  as  the  rotation  point  or 
center  of  rotation  of  the  eyeball;  it  lies  about  13.5  mms.  back  of  the 
cornea  in  the  emmetropic  eye.  The  various  axes  of  rotation  J 
pass  through  this  point,  and  we  may  classify  them  under  fow 
heads:  (1)  The  horizontal  or  sagittal  axis,  which  is  the  line  pasasif 
through  the  rotation  point  and  the  object  looked  at,^ — the  fixatia 
point.  This  axis  corresponds  practically  with  the  line  of  sighl,- 
that  is,  the  line  drawn  from  the  object  looked  at  to  the  middle  of  the 
fovea,  and  it  may  therefore,  i^dthout  serious  error,  be  spoken  of  u 
the  visual  axis.  Rotiitions  around  this  axis  give  a  w^heel  movement 
or  torsion  to  the  eyeballs.  (2)  The  transverse  axis,  the  line  pasriil 
through  the  rtitation  points  of  the  two  eyes  and  perpendieultf 
to  1 .  Rotations  around  this  axis  move  the  eyeballs  straiirht  vf 
or  down.  (3)  The  vertical  axis,  the  vertical  line  passing  thronlh 
the  rotation  point  and  perpendicular  at  this  point  to  the  horiiontil 
and  transveni^  axes.  Rotations  around  this  axis  move  the  eyebil 
to  the  right  or  the  left.  (4)  The  oblique  axes,  under  which  are  id* 
eluded  all  the  axes  of  rot-ation  passing  through  the  rotation  point 
oblique  angles  to  the  horizontal  axis.  These  axes  all  lie  in 
equatorial  plane  of  the  eye,  and  rotations  around  any  of  them 
the  eyeball  obliquely  upward  or  dow^nward.  These  de^nitioos 
have  reference  to  what  is  known  as  the  primary  position  of 
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that  is,  that  position  taken  by  the  eyes  when  we  look  straight 
IS  toward  the  horizon, — a  position,  therefore,  in  which  the 
f  the  horizontal  axes  is  parallel  to  the  ground;  all  other 
8  of  the  eyes  are  spoken  of  as  secondary. 
I  regard  to  the  movements  of  the  eyes  about  its  axes  of 
the  following  general  statements  are  made:  Starting  from 
lary  position,  rotations  of  the  eyes  about  the  vertical  axis — 
movements  directly  to  right  or  left — ^may  be  made  by  the 
ion  of  the  internal  or  the  external  rectus  as  the  case  may  be. 
is  aroimd  the  transverse  axis — that  is,  movements  directly 
)^;i^ — ^require  in  each  case  the  co-operation  of  two  muscles. 
sments  upward  the  superior  rectus,  acting  alone,  would  in 
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»7.~*'  Diacrmm  showing  for  the  left  eve  the  paths  of  the  line  of  sight  caused  by  the 
le  differeot  eye-muscles  (Hering).  The  horizontal  line  indicates  movements  out  or 
OS  degrees  as  caused  by  the  contraction  of  the  internal  or  external  rectus.  The 
H  show  the  amount  of  torsion  ^ven  the  eyeball  hyr  the  superior  and  inferior 
I  the  superior  and  inferior  obhque  when  contracting  separately.  Tne  short 
•  at  the  end  of  the  paths  indicates  the  position  of  the  horizontal  meridian  at 
the  movement."  R.  «.,  the  external  rectus;  A,  i.,  the  internal  rectus;  R.  S., 
»r  reetus;  R.  inf,,  the  inferior  rectus;  O.  ».,  the  mferior  oblique;  O.  S.,  the  superior 


;  the  eyeball  upward  also  give  it  a  slight  torsion  so  as  to 
i  upper  part  of  the  vertical  meridian  inward.  To  obtain  a 
jnt  directly  upward  (rotation  around  the  transverse  axis) 
Brior  rectus  and  inferior  oblique  must  act  together.  For 
\T  reason  rotation  directly  downward  requires  the  com- 
ction  of  the  inferior  rectus  and  superior  oblique.  These 
•e  expressed  clearly  in  Hering's  diagram,  reproduced  in 
',  which  indicates  the  paths  traversed  by  the  line  of  sight 
le  eyeball  is  moved  by  the  different  muscles  acting  sepa- 
Rotation  of  the  eyeballs  around  oblique  axes  require 
>peration  of  three  of  the  muscles  :  movements  upward 
ward — the  superior  rectus,  inferior  oblique,  and  external 
movements  upward  and  inward — superior  rectus,  inferior 
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oblique,  and  internal  rectus;  movements  downward  and  outwi 
inferior  rectus,  superior  oblique,  and  external  rectus;  mov 
downward  and  inward— inferior  rectus,  superior  oblique, 
internal  rectus,  Most  of  the  movements  of  the  eyes  are  of  ill 
latter  kind, — ^namely,  rotations  around  an  obUque  axis, 
the  position  of  the  axis  for  each  definite  movement  of  this  charw^ 
may  te  determined  by  Listing's  law,  which  may  be  stated 
follows  :  When  the  eye  passes  from  a  primar>^  to  a  secoodl 
position  it  may  be  considered  as  having  rotated  around  an 
perpendicular  to  the  lines  of  sight  in  the  two  positions.  It 
be  noted  readily  from  observations  upon  the  movements  of  o 
own  eyes  that  they  ordinarily  make  only  such  movements  as 
keep  the  Unes  of  sight  of  the  two  eyes  parallel  or  will  convi 
them  upon  a  common  point.  In  movements  of  convergence 
internal  recti  of  the  two  eyes  are  associated,  while  in  symmetii 
lateral  movements  the  internal  rectus  of  one  eye  acts  with 
external  rectus  of  the  other.  Under  normal  conditions  it 
impossible  for  us  to  diverge  the  visual  axes, — that  is,  to  aasocil 
the  action  of  the  external  rectL  A  movement  of  this  kind 
produce  useless  double  vision  (diplopia),  mid  it  is,  therefore, 
kind  of  movement  wliich  all  of  our  experience  has  trained 
to  avoid. 

The  Co-ordination  of  the  Eye  Muscles— Muscular  Insii 
ficiency — Strabismus. — In  order  that  the  eyeballs  may  move 
the  minute  accuracy  necessary  in  binocular  vision,  a  beautifu 
balanced  or  co-ordinated  action  of  the  opposing  muscles  is 
mry\  The  object  of  these  movement's  is  to  bring  the  point  bol 
at  in  the  fovea  of  each  eye  and  thus  prevent  double  vLsion,  diplo 
(see  following  paragraphs).  This  object  is  attained  when  the 
balls  are  so  moved  that  the  lines  of  sigfit  unite  upon  the  object 
point  looked  at.  In  viewing  an  object  or  in  reading  we  ka 
readjusting  the  eyes  continually  to  bring  point  after  point  at 
junction  of  the  lines  of  sight.  When  w^e  look  before  us  ftl 
distant  object  the  muscles  in  each  eye  should  be  so  adji 
that  wdthout  any  contraction  the  antagonistic  muscles 
just  balance  each  other — that  is,  when  the  eye  muscles 
entirely  relaxed,  except  fur  their  normal  tqne,  the  visual  i 
should  be  parallel.  If  this  balance  does  not  exist,  w^e  havt 
condition  designated  as  lieteroplioria.  In  this  condition 
constant  contraction  of  one  or  more  nmscles  is  required,  e^ 
in  far  vision,  to  prevent  diplopia.  When  the  eye  at  rest  sha 
a  tendency  to  drift  toward  the  tempc^ral  side,  owing  to  the  b 
that  the  pull  of  the  external  rectus  overbalances  that  of 
internal  rectus,  thecondititm  is  known  as  exophoria.  If,  for  tHI 
opposite  reason,  there  is  a  tendency  to  drift  to  the  nasal  side,  tbi 
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condition  is  described  as  esophoria.  A  tendency  to  drift  up  or 
down  is  called  hyperphoria,  and  this  is  further  specified  as  right 
or  left  hyperphoria  according  to  the  eye  whose  axis  deviates 
upward.  A  lack  of  resting  balance  of  this  kind  will  make  itself 
fdt  also  in  near  work,  particularly  in  reading,  sewing,  etc.,  since 
it  will  require  a  constantly  greater  innervation  of  the  muscle 
whose  antagonist  overbalances  it.  Under  some  conditions  the 
resulting  muscular  strain  causes  much  uneasiness  or  distress. 
The  heterophorias  are  easily  detected  and  measured  by  the  use 
of  prisms,  but  they  do  not  show  the  same  constancy  as  the 
refractive  errors  of  the  eye,  owing  probably  to  the  fact  that  they 
involve  the  variable  factor  of  muscular  tonus. 

The  principle  used  in  detecting  heterophoria  is  to  produce  a  condition  of 
i^ilopia  by  placing  prisms  in  front  of  the  eyes.  If,  for  example,  a  prism  (5°) 
I  placed  in  front  of  the  risht  eye  with  its  base  up,  the  image  of  any  object 
OQied  at,  a  candle-flame,  for  instance,  at  a  distance  of  6  meters,  will  be  dis- 
heed  on  the  retina  above  the  fovea  and  will  be  projected,  therefore,  into  the 
)wer  half  of  the  visual  field.  The  left  eye  receives  its  image  on  the  fovea  and 
*o  flames  are  seen  one  above  the  other,  a  condition  of  vertical  diplopia.  As 
^images  cannot  be  united  hy  movements  of  the  eyeballs  the  e3res  come  to 
St  in  their  position  of  eauilibnum.  If  the  two  flames  lie  in  a  vertical  line  the 
fes  are  in  oalanoe  for  distant  vision.  If  the  image  belonging  to  the  right 
ft  (m  this  case  the  lower  image)  is  displaced  toward  the  left  hand  as  com- 
ind  with  the  other,  exophoria  is  indicated.    The  pull  of  the  external  rectus 

15  thrown  the  front  of  tne  eye  toward  the  right  and  its  fovea  in  the  oppo- 
te  direction,  hence  the  image  has  fallen  to  the  right  of  the  fovea  and  is  ais- 
laced  in  the  visual  field  toward  the  left.  A  deviation  in  the  other  direction 
Quid  indicate  esophoria,  and  the  amount  in  each  case  is  expressed  by  the  degree 
f  piism  necessary  to  bring  the  objects  into  a  vertical  line  (for  esophoria  the 
meeting  prism  is  placed  base  out,  for  exophoria,  base  in).  In  a  sunilar  way 
ppeiphona  is  detected  by  producing  in  the  beginning  a  condition  of  lateral 
ipbina,  by  placing  a  suitable  prism  before  the  eye  with  its  base  in.  Several 
nstems  of  notation  have  been  proposed  for  prisms.  The  one  conmionly  used 
epiCHses  in  degrees  the  angle  (refracting  angle)  at  the  edge  of  the  prism. 

The  defect  may  be  remedied  by  surgical  operations  upon  the 
luscles,  or  by  the  use  of  proper  prisms  with  their  bases  so  adjusted 
3  to  help  the  weaker  muscle.  In  exophoria,  for  example,  the 
reater  pull  of  the  external  rectus  rotates  the  front  of  the  eye 
citward,  while  the  back  of  the  eye  with  the  fovea  is  moved  inward 
>ward  the  nose.     A  prism  of  the  proper  strength  placed  before 

16  eye  with  its  base  in  toward  the  nose  will  throw  the  image  of 
1  external  object  on  the  fovea,  without  necessitating  a  con- 
action  of  the  internal  rectus  to  bring  the  fovea  back  into  its  nor- 
al  position.  When  the  lack  of  balance  between  the  opposing 
uscles  is  so  great  that  the  visual  axes  cannot  by  muscular 
fort  be  brought  to  bear  upon  the  same  points,  we  have  the  condi- 
gn of  squint  or  strabismus.  Such  a  condition  may  result  from 
leficiency  in  strength  or  in  actual  paralysis  of  one  or  more  of  the 
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muscles,  or  from  an  overartion  in  some  of  the  miiJSC*lo 
trai^ted  with  their  antagonists. 

The  Binocular  Field  of  Vision. ^ — When  the  two  eyes  are 
ujxni  a  given  point,  placed,  let  us  say,  in  front  of  ub  in  the  n 
plane,  each  eye  has  its  own  xisual  field  that  may  be  cl 
by  means  of  the  perimeter.  But  the  two  fields  overlap 
portion  of  their  extent,  and  this  overlapping  area  cons! 
the  field  of  binocular  vision  (see  Fig.  158).  Ever>^  point  inUi 
ocular  field  fonns  an  image  upon  the  two  retinas.  The 
interesting  fact  about  the  binocular  field  is  that  some  of  the  d 
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Fif.  158. — Perimeter  chart  to  show  the  exieni  of  the  binoctilar  viraal  field 
when  the  ey«e  mn  fixed  upon  &  tnediiiii  point  in  tbe  borisont*! 


contained  in  it  are  seen  single  in  spite  of  the  fact  that  there  a 
Tetinal  images,  while  others  are  men  or  may  Ik*  seen  double 
one's  attention  is  directed  to  the  fact.  Whether  any  g^vea 
is  seen  single  or  double  depends  y|X)n  whether  its  image  does  < 
not  fall  upon  corresponding  points  in  the  two  retinas. 

Corresponding  or  Identical  Points.— By  definitioti 
sponding  or  identical  points  in  the  two  retinas  are  those  whic 
siniuhaneously  stimulated  by  the  same  luminous  object  gii 
single  sensation,  while  non-corresponding  points  are  those 
when  so  stimulated  give  us  two  visual  sensations.  It  is 
from  our  experience,  that  the  fo%'e«  form  corresponding  po 
areas.     When  we  look  at  any  object  we  so  move  our  eyes  t 
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uigesof  the  point  observed  shall  fall  upon  symmetrical  parts  of  the 
ro  foveae;  the  lines  of  sight  of  the  two  eyes  converge  upon  and 
setinthe  point  looked  at.  If,  while  observing  an  object,  we  press 
Qtly  upon  one  eyeball  with  the  end  of  the  finger,  two  images  are 
II  at  once,  and  they  diverge  farther  and  farther  from  each  other 
the  pressure  upon  the  eyeball  is  increased.  Experiment  shows, 
>,  that,  in  a  general  way,  portions  of  the  retina  symmetrically 
«d  to  the  right  side  of  the  fovese  in  the  two  eyes  are  cor- 
londing,  and  the  same  is  true  for  the  two  left  halves  and  the  two 
er  and  lower  halves.*  The  right  half  of  the  retina  in  one  eye  is 
-corresponding  to  the  left  half  of  the  other  retina,  and  vice 
3;  and  the  same  relation  is  true  of  the  upper  and  lower  halves, 
ectively .  If  we  imagine  one  retina  to  be  lifted  without  turning 
laid  over  the  other  so  that  the  f oveae  and  vertical  and  horizontal 
idians  coincide,  then  the  corresponding  points  will  be  superposed 
ughout  those  portions  of  the  retina  that  represent  the  binocular 
.  This  statement,  however,  is  theoretical  only ;  an  exact  point 
oint  correspondence  has  not  been  determined  experimentally, 
eriments  have  shown,  however,  that  the  corresponding  points 
he  upper  halves  of  the  retinas  along  the  vertical  mid-line  do 
cover  each  other,  that  is,  they  do  not  lie  in  the  actual  anatom- 
vertical  meridian,  but  form  two  meridians  which  diverge 
metrically  from  the  mid-line  so  as  to  make  an  angle  of  aboui 
jgrees  (physiological  incongruence  of  the  retinas).  Within  the 
ts  of  our  powers  of  observation  for  ordinary  objects  we  may 
3t  Tscheming's  rule, — namely,  that  when  the  images  of 
object  on  the  two  retinas  are  projected  to  the  same  side  of  the 
it  of  fixation  they  are  seen  single,  their  retinal  images  in  this 
falling  on  the  retina  to  the  same  side  of  the  lines  of  sight;  when, 
ever,  the  retinal  images  fall  on  opposite  sides  of  the  lines  of 
t  and  are  projected  to  opposite  sides  of  the  point  of  fixation, 
^  are  seen  double.  The  doubling  of  objects  that  do  not  fall  on 
esponding  points  (physiological  diplopia)  is  most  readily 
onstrated  for  objects  that  lie  between  the  lines  of  sight,  either 
jr  or  farther  away  than  the  object  looked  at.  If,  for  instance, 
holds  the  two  forefingers  in  front  of  the  face,  in  the  median 
c,  one  hand  being  at  about  the  near  point  of  distinct  vision 
the  other  as  far  away  as  possible,  it  will  be  noticed  that  when 
eyes  are  fixed  on  the  far  finger  the  near  one  is  seen  aouble 
vice  versa.  In  this,  as  in  other  experiments  in  which  the  eyes 
Accommodated  for  one  object  while  the  attention  is  directed 
nother,  some  difficulty  may  be  experienced  at  first  in  disso- 
Qg  these  two  acts  which  normally  go  together,  but  a  little 
tice  will  soon  enable  one  to  distinguish  clearly  the  doubling 
le  point  upon  which  the  lines  of  sight  are  not  converged. 
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If  a  long  stifk  is  held  liorizontally  in  front  of  the 
near  the  face  will  be  doubled  wlien  the  eyes  are  direct^  tQ 
far  end  and  vice  versa.  Moreover,  by  a  simple  experiin^ 
may  be  shown  that  objects  nearer  the  eyes  than  the  point  loola 
are  doubled  heteronymous ly,^tliat  is.  the  right-hand  imagi 
longs  to  the  left  eye  and  the  left-hand  one  to  the  right  eye.  Tl 
easily  demonstrated  by  closing  the  eyes  alternately  and  nl 
which  of  the  images  disappears.  The  reason  for  the  cross-pi 
tioo  of  the  images  is  made  apparent  by  the  construrtion  in  Figi 
/,  bearing  in  mind  the  essential  fact  that  in  projecting  our  n 
images  we  always  project  to  the  plane  of  the  object  upon  whid 
eyes  are  focused-  In  the  figure  the  eyes  are  con%'erged  on  A 
images  of  point  B  fall  to  opposite  sides  of  the  line  of  sight  ani 
Been  double  and  are  projected  to  the  plane  of  A ,  the  image  oi 
light  eye  being  projected  to  6'  on  the  left  of  A  and  that  on  the  lel 
to  6  on  the  right  of  A,  In  a  similar  way  it  may  be  shown  thi 
jects  farther  away  from  the  eye  than  the  point  looked  at  are  doi 
homonymously,^ — that  is,  the  right-hand  image  belongs  to  the 
eye,  and  the  lefVhand  one  to  the  left  eye.  The  fact  is  explaini 
the  construction  in  Fig.  159,  //,  in  w^hich  *4  is  the  point  convf 
upon  and  B  the  more  distant  object.  In  all  binocular  \ision,  tl 
fore,  the  aeries  of  objects  between  the  e>'^  and  the  point  looked < 
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Fig.  15&* — ^Diacnunii  todiow  homonym ous  iLtid  heteFonymoii^  diplopia:  Iq 
are  Tocusetl  oo  A:  iEe  ImAgea  of  B  full  on  non-corresponding;  point,«, — that  is,  t4 
aides  of  the  fovoic,^ — aod  am  Been  double,  hems  projected  to  th«f  plane  of  ^,  givins 
ODyTTiouM  diplopLu.  In  //  tlie  eyes  «re  focused  on  the  nearer  point,  .4 ,  and  tbe  lartlMfi| 
B,  fnTm»  imnipis  on  non-corraapondiag  pointa  and  li  teen  double, — aCKuoaynuiai  a 
—the  uaag?&9  beiiis  projected  to  the  focal  plane  A.  1 


doubled  heteronymously»  and  those  extending  beyond  the  poi 
tlie  same  line  are  doubled  homonymously.  Nonnally  we  tak 
conscious  notice  of  thb  fact,  our  attention  being  absorbed  bj 
object  upon  which  the  lines  of  sight  are  tlirected.  Sonie  p 
ologists,  however,  have  assumed  that  the  knowledge  plays  ai| 
portant  part  subcon.sciou.sly  in  giving  us  an  idea  of  depth  of 
spective, — an  immediate  perception,  as  it  were,  of  tlie  distio 
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between  for^round  and  background.  It  is  usually  assumed  that  the 

explanation  of  corresponding  points  is  to  be  found  in  the  anatomical 
arrangement  of  the  optic  nerve  fibers.  Those  from  the  right  halves 
of  the  two  retinas,  which  are  corresponding  halves,  unite  in  the 
qgfat  optic  tract  and  are  distributed  to  the  right  side  of  the  brain, 
Me  the  fibers  from  the  left  halves  go  to  the  left  side  of  the  brain. 
the  basis  of  the  single  sensation  from  two  visual  images  is  to  be 
bond  probably  in  the  fact  that  the  cerebral  terminations  through 
ridch  the  final  psychical  act  is  mediated  lie  close  together  or  possibly 
mite. 

The  Horopter. — In  every  fixed  position  of  the  eyes  there  are 
I  certain  number  of  points  in  the  binocular  field  which  fall 
p>n  corresponding  points  in  the  two  retinas  and  are  therefore 
Ben  single.  The  sum  of  these  points  is  designated  as  the  horopter 
irthat  position  of  the  eyes.  It  may  be  a  straight  or  curved  line, 
Pa  plane  or  curved  surface.  Helmholtz  calls  attention  to  the  fact 
lat,  when  standing  with  our  eyes  in  the  primary  position, — that 
.  directed  toward  the  horizon, — the  horopter  is  a  plane  coinciding 
ih  the  ground,  and  this  fact  may  possibly  be  of  service  to  us  in 
dldiig. 

Suppression  of  Visual  Images. — It  happens  not  infrequently 
It  when  an  image  of  an  object  falls  upon  non-corresponding 
mts  in  the  two  retinas  the  mind  ignores  or  suppresses  one  of  the 
ages.  This  peculiarity  is  exhibited  especially  in  the  case  of  per- 
is suflfering  from  "squint"  (strabismus).  In  this  condition  the 
lividual,  for  one  reason  or  another,  is  unable  to  adjust  the  contrac- 
DS  of  his  eye  muscles  so  as  to  unite  his  lines  of  sight  upon  the 
ject  looked  at.  The  image  of  the  object  falls  u}X)n  non-corre- 
ending  points  and  should  give  double  vision,  diplopia.  This 
uld  undoubtedly  be  the  case  if  the  condition  came  on  suddenly; 
t  as  double  vision  results  when  we  dislocate  one  eyeball  by 
issing  slightly  upon  it.  But  in  cases  of  long  standing  one  of  the 
iges,  that  from  the  abnormal  eye,  is  usually  suppressed.  The 
,  of  suppression  seems  to  be  a  case  of  a  stronger  stimulus  prevail- 
:  over  a  weaker  one  in  consciousness,  just  as  a  painful  sensation 
m  stimulation  of  one  part  of  the  skin  may  be  suppressed  by  a 
3iiger  pain  from  some  other  region. 

Struggle  of  the  Visual  Fields. — When  the  images  of  two  dis- 
lilar  objects  are  thrown,  one  on  each  retina,  the  mind  is  presented, 
to  speak,  simultaneously  with  two  different  sensations.  Under 
h  dreumstances  what  is  known  as  the  struggle  of  the  visusA 
is  ensues.  If  the  image  on  one  eye  consists  of  vertical  lines 
[  on  the  other  of  horizontal  lines  we  see  only  one  field  at  a  time, 
t  one  then  the  other,  or  the  field  is  broken,  vertical  lines  in  i)art 

horizontal  lines  in  part;  there  is  no  genuine  fusion  into  a  con- 
24 
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tiniious,  constant  picture.  The  struggle  of  the  two  fields  is  t 
illustrated  when  different  colors  are  thrown  on  the  two  rs 
When  red  and  yellow  are  superposed  on  one  retina  w^e  obtain  a 
pound  sensation  of  orange;  if  they  are  thrown  one  on  one  i 
one  on  the  other,  no  such  fusion  takes  place.  We  see  thfl 
alternately  red  or  yellow  or  a  mixture  of  part,  red  and  part  f 
or  at  times  one  color,  as  it  were,  thrcmgh  the  other.  If,  hoi 
one  field  is  white  and  the  other  black  a  jxK'uliar  sensation  of  ( 
is  obtained,  quite  unlike  the  uniform  gray  that  would  result 
two  fields  were  superposed  on  one  retina. 

Judgments  of  Solidity. — Our  vision  gives  us  knowledj 
only  of  the  surface  area  of  objects,  but  also  of  their  depth  or  sol 
—that  is,  from  our  visual  sensations  we  obtain  conceptions  i 
three  dimensions  of  space.  The  vnsiial  sensations  upon  whid 
conception  is  built  are  of  several  different  kinds,  partly  monocti 
that  is,  such  as  are  perceived  by  one  eye  alone, — partly  bino 
K  we  close  one  eye  and  look  at  a  bit  of  landscape  or  a  solid  t 
we  are  conscious  of  the  perspective,  of  the  right  relations  of 
ground  and  background,  and  those  individuals  who  ha^ 
misfortune  to  lose  one  eye  are  still  capable,  imder  most  cii 
stances,  of  correct  visual  judgments  conrerrdng  three  cf 
fiional  space.  Nevertheless  it  is  tme  that  with  binocular  i 
OUT  judgments  of  perspective  are  more  perfect,  and  that  ^ 
certain  circumstances  data  are  obtained  from  vision  with  twc 
which  give  ns  an  idea  of  solidity  far  more  real  than  can  he  ob| 
with  one  eye  alone,  This  difference  is  shown  especially  i| 
combination  of  stereoscopic  pictures,  and  in  ordinary  vision! 
the  light  is  dim,  as  in  twilight,  or  in  exact  judgments  of  perspl 
in  the  case  of  objects  close  at  hand.  If,  for  example,  we  clod 
eye  and  attempt  to  threa«.l  a  needle,  light  a  pipe,  or  make  any  si 
co-ordinated  movement  that  dei>end8  upon  an  exact  judgM 
the  distance  r>f  the  object  away  from  us,  it  will  be  found  th^ 
resulting  movement  is  far  less  perfectly  perfonned  than  whcl 
eyes  are  used.  The  sensation  elements  upon  which  our  judff 
of  depth  or  perspective  are  founded  may  be  classified  as  follcn^ 

The  Manocular  Elements, — That  is,  those  that  are  experi 
in  vision  with  one  e\'e.  (a)  Acrml  perspedire.  The  air  is  on 
tirely  transj>arent,  and,  therefore,  in  \'iewing  landscapes  the 
distant  objects  are  less  distinctly  seen,  as  is  illustrated,  for  inal 
by  the  haze  covering  distant  mountains.  This  experiencse  m 
sometimes  to  make  erroneous  judgments  when  the  conditicdi 
unusual.  An  object  seen  suddenly  in  a  fog  looms  large,  M 
expression  goes,  since  the  feeling  that  hazy  objects  are  at  a| 

♦  See  Le  Conte,  *'Sight/*  vol.  31  of  "The  International  Bcientific  1 
1881. 
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tance  leads  us  to  give  a  proportional  overvaluation  to  the  rela- 
dy  iaige  visual  image  made  by  the  near  object. 
(b)  Mathematical  perspective.  The  outlines  of  objects  before 
ttc  projected  upon  the  surface  of  the  eye  in  two  dimensions  only, 
.  as  they  are  represented  in  a  drawing.  The  lines  that  indicate 
th  are  therefore  foreshortened,  and  lines  really  parallel  tend  to 
^6  more  and  more  to  a  vanishing  point  in  proportion  to  their 
ince  away  from  us.  When  one  stands  between  the  tracks  of  a 
ray,  for  instance,  this  convergence  of  the  parallel  lines  is  dis- 
ly  apparent.  We  have  learned  to  interpret  this  mathematical 
)ective  correctly  and  with  great  accuracy.  The  use  of  this 
lective  in  drawings  is,  in  fact,  one  of  the  chief  means  employed 
16  artist  to  produce  an  impression  of  depth  or  solidity.  For 
Qt  objects  at  least  this  factor  is  probably  the  most  potent  of 
that  can  be  appreciated  by  monocular  vision. 

be  importance  of  the  mathematical  perspective  for  om*  visual  judgments 
>e  mustrated  very  strikingly  by  a  simple  experiment.  If  one  takes  a 
rex  lens  of  short  focus  and  standing  at  a  winaow  that  looks  out  upon  a 
treet  holds  the  lens  in  front  of  the  eyes  at  arm's  length  he  will  be  able 
,hy  focusing  on  the  inverted  image  formed  by  the  lens,  that  not  only 
ijects  inveri^  as  regards  their  simace  features,  but,  for  most  persons 
It,  the  perspective  is  also  inverted.  Objects  actually  in  the  forf^^und 
ppear  in  the  background,  and  one  may  have  the  curious  sensations  of 
ing  persons  who.  as  they  walk,  seem  to  recede  farther  and  farther  into 
stance  in  spite  of  the  fact  that  they  continue  to  increase  in  size.  The 
ed  or  peeudosoopic  vision  thus  produced  is  due  undoubtedly  to  the  in- 
n  of  the  lines  of  perspective.  Parallel  lines  which,  without  the  lens, 
have  on  the  retina  a  projection  of  this  kind  /\  are  with  the  lens  projected 
ed  Wy  and  our  visual  judgments  are  controlled  by  this  factor  in  spite 
i  omosing  evidence  from  the  size  of  the  retinal  images.  In  order  for 
gpenment  to  succeed  it  is  necessary  that  the  objects  viewed  shall  be  far 
n  away  so  that  a  flat  picture  may  be  given  by  the  lens, — that  is,  a  pic- 
1  which  the  foci  for  the  near  points  shall  not  differ  practically  from  those 
re  distant  points,  otherwise  tne  muscular  movements  of  accommodation 
sre  with  the  delusion.  The  relative  importance  of  this  last  factor 
uooeeding  paragraph)  is  weU  illustrated  by  varving  the  experiment  in 
ray:  Place  two  objects  upon  a  well-lighted  table,  one  at  the  near  end 
ne  at  the  far  end.  Then  standing  close  to  the  table  view  these  objects 
jrh  the  lens  as  before.  They  will  be  seen  in  their  right  relations  to  each 
If,  however,  one  backs  away  from  the  table  while  watching  the  images 
will  oome  a  distance  at  which  the  near  object  will  be  seen  to  shift  around 
i  rear  of  the  far  object. 

r)  The  Muscle  Sense  {Focal  Adjustment). — For  objects  near 
gh  to  require  accommodation  it  is  obvious  that  the  nearer 
t  will  nmi  a  stronger  contraction  of  the  ciliary  muscle,  and 
rf  the  internal  rectus  in  order  to  bring  the  line  of  sight  to  bear 
tstiy.    By  means  of  the  fibers  of  muscle  sense  we  have  a  verv 

conception  of  the  degree  of  contraction  of  these  muscles,  and 
ensation  is  perhaps  the  most  important  factor  used  in  making 
lonocular  judgments  of  depth  for  objects  at  a  short  distance. 

and  the  anterior  ligament  of  the  malleus.    The  general  posi- 
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In  binocular  vision  the  same  factor  is  <lou!>tless  of  inci 
ciency  by  reason  of  the  sensations  obtained  from  the  t 

While  there  is  experimental  e\'irieiire  (Shemngtiin)  that  this 
a  r61e,  it  is  a  fact  that  the  origin  of  the  afferent  fibers  ttssumed  to 
been  detennined.     Apparently,  they  tlo  not  come  from  the  fift 

(d)  The  disposUion  of  b'glds  and  shades  and  Die  size 
objects.  It  may  l^e  assumed  that  in  diistant  vision  < 
fields  the  vaning  lights  and  shades  exhibited  by  object 
as  they  stand  in  front  of  or  behind  each  other  also  aic 
meat.  The  acttial  size  also  of  the  retinal  images  of  farailin 
such  lis  animals,  trees,  ete* ogives  us  an  accessory  fact 
tributes  to  the  impression  derived  from  the  sources 
above*  These  factors  are  employed  with  effect  by  tl 
strengthening  the  general  impression  wliich  he  wishes 
the  difference  between  the  foreground  and  the  backgroun 
The  Binocuhr  Perspective,— In  binocular  \ision  t 
additional  element  which  contributes  greatly  to  our  ji 
depth.  Tins  element  consists  in  the  fact  that  the  ret 
of  external  objects,  particularly  near  objects,  are  diflfereni 
e3^es.  Inasmuch  as  the  eyes  are  separated  by  some  d 
projection  of  any  solid  object  upon  one  retina  is  diff 
the  projection  on  the  other.  If  a  truncated  pyramid 
front  of  the  eyes,  the  right  eye  sees  moiie  of  the  right  s 
more  of  the  left  side.  The  projection  of  the  same  objec 
two  retinas  may^  in  fact,  be  represented  by  the  drawin 
Fig.  160.  \Vhene%^er  this  condition  prevails,  whenevf 
may  call  a  right-e>'ed  image  of  an  object  is  thrown  on  t\ 
and  simidtaneously  a  left-eyetl  image  on  the  left  eye, 
nature  or  by  an  artifice,  we  at  once  i>erceive  depth  or  sol 
object.  This  fact  is  made  use  of  in  all  de%'ices  employed 
stereoscopic  vision. 

Stereoscopic  Vision. — Stereoscopic  pictures  may  h 

by  phologr 

'V  ~7\  |\  y^     same  objoc 

tioD  of  ob 
slightly 
points  so  I 
right-eyed  , 
eyed  pictu 
simple  ou 
tiires,  sud 
metrical  fi| 
may  be  mac 
ings  of  the  object  as  seen  by  the  two  eyes,  res]:)ectiveh 
160  and  162).    Any  optical  device  that  will  enable  lis  tc 


Fij,  160. — Right'  and  left-eyed  imafses  of  trunratc+i 
pyranud.  May  be  ouinbintHl  to  i;»ixniuw  !?olid  imaee  by 
KlitxiJUE:  ttie  uccornmodutiuii, — tliuit  us«  guiiiiMi  to  a.  dia*- 
1  turougb  the  book. 
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&d  picture  on  the  right  eye  and  the  left-eyed  picture  on 
eye  constitutes  a  stereoscope.  Many  different  forms  of 
>pe  have  been  devised; 

that  is  most  frequently    A  

the  Brewster  stereoscope 
ited  in  principle  in  F^. 
iach  eye  views  its  corre- 
ig  picture  through  a 
prism.  The  sight  of  the 
d  picture  is  cut  off  from 
It  eye,  and  vice  versa,  by 
tion  extending  for  some 
(  in  the  median  plane, 
sms  are  placed  with  their 
itward  and  the  rays  of 
)m  the  pictures  are  re- 
as  shown  in  the  diagram, 
aid  the  eyes  in  convei^- 
lines  of  sight  upon  the 
)ject.  The  prisms  also 
the  pictures  somewhat. 
)pic  pictures  are  mounted 
>r  this  instrument  so  that 
ince  between  the  same 
the  two  pictures  is  about  80  mms. — ^greater,  therefore,  than 
ocular  distance.  A  simple  form  of  stereoscope  that  is  very 
and  interesting  is  sold  under  the  name  of  the  anaglyph. 
pictures  in  this  case  are  approximately  superposed,  but  the 
of  one  are  in  blue  and  the  other  in  red.  When  looked  at, 
!,  the  picture  gives  an  ordinary  flat  view  with  confused 
outlines.  If,  however,  one  holds  a  piece  of  red  glass  in 
iie  left  eye  and  apiece  of  blue  glass  in  front  of  the  right  eye, 
conveniently  uses  the  pair  of  spectacles  provided  which 
B  glass  on  one  side,  red  on  the  other,  then  the  picture  stands 
nee  in  solid  relief  with  surprising  distinctness — and  as  a 
i  white  object  only.  The  red  and  blue  glasses  in  this  case 
jrve  to  throw  the  right-eyed  image  on  the  right  eye  and  the 
image  on  the  left  eye.  Assuming  that  the  right-eyed 
outlined  in  red,  then  the  blue  glass  should  be  in  front  of  the 
.  This  glass  will  absorb  the  red  rays  completely  so  that 
utlines  in  the  picture  will  seem  black  and  a  distinct  right- 
ure  is  thrown  on  the  right  eye,  distinct  enough  to  make  us 
the  much  fainter  image  in  blue,  which  is  also  trans- 
irough  the  blue  glass.     The   red   glass  before  the  left 


Fig.   161.— Diagram  to  illustrate  the 
Dciple    of_  the,  Brewster    stereoscope 


iLan^aiM):  P  and  P',  the  prisms,  a,  6, 
and  a,  B,  the  left- and  ri::ht«yed  pictures, 
respectively,  6,  ^,  being  a  point  in  the 
foreground  and  a,  a,  a  point  in  the  baek- 
sround.  The  eyes  are  converged  and 
focused  separately  for  each  point  as  in 
viewing  naturally  an  object  of  three  di- 
mensions. 
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Fiit*  IflZ — Btereoecopic  picture  of  an  octahe- 
dral ori'stal.  May  be  combLned  st<ereD8cotii€&Uy 
bv  reUixinjc  the  accomniotlatlon  bv  tbe  method 
oi  het«rotivizioiin  iliplo]iin.  Hold  die  object  at  a 
distatioe  of  a  foot  or  more  and  gn>e  beyoad. 


eye  cuts  out,  in  the  same  way,  the  right-eyed  image  and  pp 
in  dark  outline  the  left-eyed  image.     By  simply  reversing 
speetacl«?s  the  right-eyed  image  may  he  tlu-own  upon  the  left  < 
and  trice  versa.     Under  these  conditions  the  picture  for  most  i 

sons  may  be  seen  in  inv 
relief    <  pseudoscopic  vi 
objects  in  the  foreground  i 
ceding  into  the  backgitnmi ' 
Tbi.s  inversion  of  the 
when  the  projection  upon  I 
retinas  h  reversed  is  a  i 
ing  indication  of  the  potrticy  | 
of  the  normal  projet^tionasi  ] 
factor  in  our  judgments  < 
solid  objects.     It  will  lie  ( 
served,  moreover,  that  th 
pictures     that    show 
mathematical  perspective  are  the  most  readily  inverted,  and 
the  abiUty  to  invert  the  picture  varies  in  different  indi\idujil5:  j 
some,  what  we  have  called  the  binocular  perspective*  founded  up 
the  dissimilar  images,  prevails  over  the  mathematicai  per 
mom  readily  than  in  others. 

Stereoscopic  pictures  may  also  be  combined  very  sue 
without  the  use  of  a  stereoscope  by  virtue  of  the  phenomenon  j 
physiological  diplopia.     If,  for  instance,  tw^o  stereoscopic  draix 
such  as  ure  represented  in  Fig.  162,  are  held  before  the  eyes  anJ* 
relaxes  his  accorumodatioii  so  as  to  look  through  the  pictures,  J 
were,  to  a  point  l^eyond,  then,  in  accordance  with  what  was  t 
on  p.  367,   each  picture   gives  a  double  image,  since  it  falls  j 
non-corresponding  parts  of  the  Uvo  retinas.     Four  pictures*  i 
fore  will  Ije  seen,  all  out  of  focus.     With  a  httle  practice  one  caa| 
converge  his  eyes  as  t«  make  the  two  middle  images  come  1 
and  since  one  of  these  is  an  image  of  the  right-eyed  picture  ^ 
falling  on  the  right  eye,  and  the  other  is  a  left-eyed  picture  fii 
on  the  left  eye,  the  combination  of  the  two  fulfills  the  ne 
conditions  for  binocular  i}erspective.     The  figure  stands  out] 
bold  relief. 

Esrplanation  of  Binocular  Perspective. — Our  perception | 
soUdity or  relief  is  a  secondar}'  psy cliical  act,  and,  so  far  as  the  \ 
ular  element  is  concerned,  it  is  based  upon  the  fact  that  thei 
are  slightly  different  on  the  tw^o  retinas;  but  why  this  dissis 
should  produce  an  inference  of  this  kind  is  not  entirely  unde 
Certain  facta  have  been  pointed  out  as  having  a  probable  ' 
upon  the  mental  process.     In  the  first  place,  in  stereoscopic  pie 
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18  in  nature,  we  do  not  see  the  whole  field  at  once.  To  see  the  ob- 
/ttts  in  the  foreground  the  eyeballs  must  be  converged  by  the  eye 
XDUScles  so  that  the  lines  of  sight  may  meet  in  the  object  regarded. 
When  attention  is  paid  to  objects  in  the  background  less  convergence 
i  necessary  (see  Fig.  161).  The  point  of  fixation  for  the  lines  of 
%ht  is  kept  continually  moving  to  and  fro,  and  the  sensation  of 
(Us  muscular  movement  possibly  plays  an  important  part  in 
pving  us  the  idea  of  depth  or  solidity.  For  persons  not  practised 
D  the  matter  of  observing  stereoscopic  pictures  the  full  idea  of  relief 
ames  out  only  after  this  muscular  activity  has  been  called  upon, 
iat  for  the  practised  eye  this  play  of  the  muscles  is  not  absolutely 
ecessaiy.  The  stereoscopic  picture  stands  out  in  relief  even  when 
bminated  momentarily  by  the  light  of  an  electric  spark.  The  per- 
|)tion  of  solidity  in  this  case  is  instantaneous,  and  it  has  been  sug- 
sted  that  this  result  may  depend  upon  the  immediate  recognition 
'  ph3rsiological  diplopia, — that  is,  the  fact  that  objects  nearer  than 
le  point  of  fixation  are  doubled  heteron3anously,  while  those 
jther  away  are  doubled  homonymously  (see  p.  367).  Such  an 
Eect  can  only  be  produced  distinctly  by  objects  having  depth 
id  possibly  in  the  case  of  the  trained  eye  it  alone  is  sufficient  to 
yre  the  immediate  inference  of  solidity  or  relief,  while  the  un- 
iined  eye  requires  the  accessory  sensations  aroused  by  focal 
Ijustment,  mathematical  perspective,  etc. 

Judgments  of  Distance  and  Size. — Judgments  of  distance 
ad  size  are  closely  related.  Our  judgments  regarding  size  are 
laed  primarily  upon  the  size  of  the  retinal  image,  the  amount  of 
le  visual  angle.  This  datum,  however,  is  sufficient  in  itself  only 
w  objects  at  the  same  distance  from  us.  If  they  are  at  different 
ifltances  or  we  suppose  that  such  is  the  case,  our  judgment  of  the 
Stance  controls  our  judgment  of  size.  This  fact  is  beautifully 
wwn  in  the  case  of  after-images  (see  p.  346).  When  an  after- 
nage  of  any  object  is  obtained  on  the  retina  our  judgment  of  its 
»  depends  altogether  on  the  distance  to  which  we  project  it. 
f  we  look  at  a  surface  near  at  hand,  it  seems  small;  if  we  gaze  at  a 
bD  many  feet  away  it  is  at  once  greatly  enlarged.  The  familiar 
stance  of  the  variation  in  the  size  of  the  full  moon  according  as  it 
seen  at  the  horizon  or  at  the  zenith  depends  upon  the  same  fact. 
he  distance  to  the  horizon  as  viewed  along  the  surface  of  the  earth 
ems  greater  than  to  the  zenith;  we  picture  the  heavens  above  us 
lan.  arched  dome  flattened  at  the  top,  and  hence  the  same  size  of 
final  image  is  interpreted  as  larger  when  we  suppose  that  we  see 
at  a  greater  distance.  Our  judgments  of  distance,  on  the  other 
nd,  depend  primarily  upon  the  data  already  enumerated  in 
Baking  of  the  perception  of  solidity  or  depth  in  the  visual  field. 
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For  objects  within  the  Hniit  of  accommodatiDn  we  depend  ^^La 
on  the  musf'le  senne  aroiit^ed  by  the  urt  of  fociisiiig  the  eye^^-^-^^ 
is,  the  contraetions  of  the  eiiitiry  and  of  the  extrimdc  mu.'icle^^      ..  ' 
objects  outside  the  Hmit  of  accommodation  we  are  influetK^'   ' 
binocular  perspective,  mathematical  perspective,  ac^rial  perspect*"^' ' 
etc.     But  here  a^ciiin  our  judgment  of  distiince  is  greatly  infiueo^'^ 
in  the  ease  of  famihar  olijects  by  the  size  of  the  retinal  inmge.  ^ 
striking  instance  of  the  latter  fact  is  obtained  by  the  use  of  &^ 
glasses  or  opera  glasses.    When  we  look  through  them  prop 
the  size  of  the  retinal  image  is  enlarged,  and  the  objects*  therrfd 
seem  to  be  nearer  to  us.     If  we  reverse  the  glasses  and  look  throu^  | 
the  large  end  the  size  of  the  retinal  image  is  reduced  and  the  objects,  I 
thercfoi-e,  seem  to  be  much  farther  awa>%  since  under  normal  condi-^ 
tions  such  small  images  of  familiar  objects  are  formed  only  when  J 
they  are  at  a  gn-at  distance  from  us. 

Optical  Deceptions. — Wrong  judgments  as  regards  dist 
and  Bize  are  fre<|uently  made  and  the  fact  may  be  illustrated  in  i 
number  of  interesting  ways.  Thus,  in  Fig,  163  the  lines  A  and  , 
are  of  the  same  length,  but  B  seems  to  l>e  distinctly  the  longer.  S^ 
in  Fig.  lf)4  the  verticul  lines,  although  exactly  parallel,  seem, 
the  contrar>\  to  run  olvhcjuely  with  reference  to  one  another. 
of  these  deceptions  depeml  aj>parenily  upon  our  inability  to  i 
angles  exactly :  we  uudervaKie  the  acute  angles  and  overvalue  1 


FJK,   lea.— MuUer-Lyer  fieurea  to  Rhowr  iUitakm  in  spue  perception. 

nm  \>\  tbe  tsame  length. 


The  hxkm  A  mmil 


that  are  obtus(>.    A  vpr>^  remarkable  delusion  Is  given  by  Fig.  1€ 
If  the  book  is  held  flat  at  the  level  of  the  chin  and   six  or  eii 
inches  from  the  face  and  the  eyes  are  focused  cm  the  point 
intersection  of  any  two  of  the  lines,  a  third  hn*^  will  l>e  s<?en 
pendicular  to  the  plane  of  the  other  two.  and  projecting  vertical 
from  the  surface  of  the  ptige.     A  row  of  these  vertical  line^ 
be  seen  if  the  distance  is  prfiperly  chosen.     As  one  bends  th 
head  from  side  to  side  the  lines  sway  in  the  same  dirertioo. 
forms  a  very  striking  instance  of  tlie  faet  that  we  may  see 
distinctly  a  thing  that  has  no  real  existence, — ^a  case,  thetefo 
in  which  we  can  not  trust  our  senses.     The  dehifdon  seems  to  1 
due  to  the  fact  that  the  two  lines  Jn  the  position  indicated,  fa 
a  projection  on  the  retina  such  as  woukt  be  made  by  an  acti 
vertical  rod  placed  at  the  point  at  which  we  see  one.     Fig.  Ifl 
gives  an  interesting  illustration  of  the  way  in  which  our  ]« 
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Y  solidity  may  vary  with  our  interpretation  of  mathe- 
'^^  perspective  and  shading  when  these  factors  are  arranged 
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Fig.  164.— Z6Uner'8  lino 


/ 


'^. 


more  than  one  choice.  If  the  figure  is  looked  at  steadily 
assume  several  different  appearances;  two  are  especially 
nt.      We  may  see  two  cubes  resting  upon  a  third  one, 


Fig.  165. — Optical  illusion  in  projection. — {.FranHin,") 

:h  the  black  side  undermost,  or  we  may  see  one  cube  rest- 
wo  under  ones,  each  with  its  black  side  uppermost.    Our 


Fig.  l66.^Ftgure  to  tUustratfl  binocul&r  dec^ptioiu  depeodina  uptm  

ftrelationa  of  the  matbeinatical  perapeetive  &ii«l  the  lig^bis  aod  «hM»  On  gft 
tbo  imjigQ  will  cbjinge  from  a  ciki^  oubx^  with  bl^ck  top  roatlixit  on  two  otbrn 
topd,  to  one  of  two  cubed  with  blaok  bottorna  reetin^e  upon  a  aingle  cube 
bottom.     SttU  other  lig;ures  m^y  appear  from  time  to  time* 

focuses  for  the  point  o,  this  point  may  be  held  in  the  fo 
and  the  second  of  the  above  appearances  be  seen.  Wh 
eyes  are  accommodated  strongly  for  point  b,  it  will  be 
forward  and  the  first  of  the  two  appearances  described  is 
into  view. 


i 


PHYSIOLOGY  OF  THE  EAR. 


I 


CHAFIER  XX. 
THE  EAR  AS  AN  ORGAN  FOR  SOUND  SENSATIONS. 
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^  discussing  the  ph)'siolog>'  of  the  ear  it  is  Deeessary  to  consider 
the  fxiiictional  importance  of  its  various  parts,  the  external  ear 
consisting  of  the  lobe  or  piana,  the  external  auditory  meatus,  and 
y'C tympanic  membrane;  the  middle  ear,  with  it^  chain  of  ossicles, 
'^^Uscles  and  ligamentJ^^  and  the  Eustachian  tube;  and  the  internal 
^t  ^th  its  cochlea,  vestibule  {utricukis  and  saccuhis),  and  aemi- 
^^jiSf  canals.     The  eighth  cranial  or  so-t^alled  auditory  nerv^e  m 

HHV^ler.— SemidiAgmmmatic  eection  through  the  rinht  ear  {Ctemuik}:  0,  Ext«riial 
BWT^iJoettite;  T,  membrana  tympaxu;  F.  tynipanio  cavity;  o,  feneatra  ovalis;  r,  fen- 
^  BttttZik    *  -^IffBoiiairmitar  canal;  S,  oochlea;    Vt,  scala  veetibuli;  /*<,  scala  tympani; 

^Wbuted  entirely  within  the  internal  ear;  the  fibers  of  the  coch- 
^^  branch,  which  alone  perhaps  are  concerned  with  hearing,  end 
r^^g  the  sensory  ner\'e  cells  of  the  cochlea,  while  the  vestibular 
^ch  supplies  shnilar  sense  cells  situated  in  the  utriculus,  saccxdug, 
^^  the  ampulla*  of  the  semicircular  canals.  We  may  consider 
5?^  the  functions  of  the  ear  in  respect  to  the  sensations  of  sound. 


Thi 


'^somewhat  complicated  anatomy  of  the  parts  concerned  should 


379 


380 


THE    SPECIAL    SEP 


M^ 


mst 


be  obtained  from  the  special  works  on  anatomy  or  histology.  Fof  | 
the  purposes  of  a  physiological  presentation  the  schematic  figure j 
employed  by  Czenuak  aiul  reproduced  in  Fig.  167  will  suffice  wl 
exhibit  the  genenil  anatomical  relations  of  the  parts  concerned  in 
the  transniissiuii  of  the  sound  waves  from  the  exterior  to  the  cochlea,  m 
The  Pinna  or  Auricle. — ^The  pinna  oj>en8  into  the  external  mea-j 
tus  by  means  of  a  eoue-sha]>ed  depression,  the  concha*  The  whale 
organ,  and  especially  the  concha,  may  be  considered  as  fulfiUing 
more  or  less  perfectly  the  function  of  collecting  the  sound  waves 
antl  reflecting  them  into  the  meatus.  In  the  lower  animals  the  e«>a- 
cave  shape  of  the  ear  and  it.s  motility  probaltl^'  make  it  much  niore 
useful  in  this  resjiect  than  in  the  case  of  the  Imman  ear.  But  even 
in  man  the  pimia  is  valuable  to  some    extent  in  intensifying  the 

appreciation   of    sounds  and 
also  in  enabling  us  to  deter- 
mine their  direction.    The  ex- 
ternal ami i ton'  meatus  hafi  ^ 
length  of  al)Out  21  to  26  mms-, 
antl  a  cajmcity  of  something 
over    one    cubic    centimeter. 
Its  course  is  not  straight,  but 
passes   first    somewhat  back- 
ward and  upward,  and  then 
turns  forward  and  inward  to 
end     against     the     t>'mpani<^ 
membrane.     All  sound  waves 
that  affect  the  drum  of  the  ear 
must,  of  course,  pass  through^ 
this  canal.  ■ 

The  Tympaiiic  Mcffl- 
brane,— The  tympanic  m^st 
brane  closes  the  inner  end  o(  j 
the  meatus  and  lies  oliliffuely  to  the  axis  of  the  canal,  itii 
making  an  angle,  opening  downward,  of  150  degrees.  The  i 
brane,  although  not  more  than  0.1  mm.  thick,  consists  of  thfrt 
coats:  a  layer  of  skin  on  the  external  surface,  a  layer  of  mucouij 
membrane  on  the  side  toward  the  middle  eiir,  and  in  between  J 
layer  of  fibrous  connective  tissue.  The  mirldle  la>^er  gives  to 
membrane  itnS  ]:*eculiar  stnicture  and  projierties.  In  form 
membrane  has  tiie  shape  of  a  shallow  funnel  with  the  apex, 
umbt^  as  it  is  called,  s*>niewhat  l>elow  the  center.  The  fibers  < 
the  fibrous  layer  are  arranged  partly  circularly  and  |>artly  in  lia 
radiating  fmni  the  uml>o  to  the  i)erii>henil  margin  (Fig.  168^ 
The  wails  of  the  funnel  are  slightly  convex  outwardly;  so 
each  radiating  fiber  fonns  an  arch.  On  the  imier  side  of  the  me 
brane  thr  chain  of  €*ar  ossicles  is  attache*l^  so  thiit  the  vibratio 


Fa'  tlie  ptnjclupe  of  the 

tympanic  merntjrjinp,  locked,  at  frcmi  tho  side 
CB  the  meatus  {Hewten}:  ax^  The  axis  of  rotB- 
tlon  of  the  ear  bones;  d,  the  incus;  »,  the 
beat  I  rif  the  D^alleus. 
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of  the  membrane  are  transoiitted  directly  to  these  bones*     The 

peculiar  farm  of  the  membrane,  its  funnel  sliape,  its  arched  sides, 

Lind  lU  iinsyminetrical  division  b>^  the  umbo  are  siijiposed  to  con- 

jbibute  to  its  value  as  a  transmitter  of  the  sound  vibrations  of  the 

In  the  first  place,   the  membrane  shows  little  tendency  to 

^ifter-vibrat ions, ^ that  is,  when  set  in  motion   by  an  air  wave  it 

ahowB  little  or  no  tendency  to  continue  vibrating  after  the  acting 

2  1 


13. 


%  IW— Tyropanum  of 
Jl^:  I,  Body  of  meus;  2*        , 

H  ol  siilIeaB;  5,  epitynipAiuD  (ai%*ity:' 6,  "chorda  tymponi  nervej   7,    tendoD  of  t 
nvmrnoatolc;  S,  foot-pifice  of  »rirrup;    9,  os  orbiculare;    10»  manubrium;     11.  t< 


riifht  sitlo  with  i^ftsiclcs  in  pin.ce,  viewed  fmm  within  (after 
Huapenisary  ligament  of  mtLlleua;    3,  U^meiit  of  incu^;    4* 

-.  .-.    _, ,    -,, ,     .^.  tecuior 

nasaem;  12,  mesubraua  tvmpani:    13,  Eu»t«cbiau  tube* 


foree  has  ceased.  It  is  oi>^dous  that  such  a  property-  ia  valuable  in 
rendering  hearing  more  dlstinctp  and  the  peculiarit\^  of  the  mem- 
brane in  this  resjiect  is  attributed  partly  to  its  special  form  and 
partly  to  the  damping:  action  of  the  bones  attached  to  it.  In  the 
second  place,  the  arched  sides  of  the  funnel  act  as  a  lever,  so  that 
themovement-s  at  these  parts  are  transmitted  to  the  umbo  with  a 
•Kfliinution  in  amplitude,  but  an  intensification  in  force.  It  is  at 
the  umbo  that  the  movement  is  commimicated  to  the  ear  liones. 

The  Ear  Bones.— The  three  ear  bnnes — the  malleus,  the  incus, 
tod  the  stapes — taken  together  form  a  chain  connectiog  the  tym- 
panic membrane  with  the  membmne  of  the  fenestra  ovalis.     By 
this  me^ans  the  vibmti<:)ns  of  the  tympanic  membrane  are  com- 
muoicated  to  the  meml>rane  of  tlie  fenestra  ovalis  and  thus  to  the 
ilyraph  filling  the  cavity  of  the  internal  var.    The  l>ones  consist 
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of  spong>"  material  with  a  compact  surface  layer.  Their  general 
sihapc  and  coixncctions  are  illustrated  in  Figs,  169  and  170*  To 
imderstand  the  manner  in  which  the  ehain  of  bones  acts  in  con- 
vening the  n-ibnitions  from  one  membrane  to  the  other  some  pointi 
in  their  structure  and  connections  may  i>e  recalled.  The  maUem 
is  about  8  to  9  mm.  long,  and  ha.^.  an  average  weight  of  23  tnillfc 
grams.  Its  long  handle  is  imbedded  in  the  tjTn panic  memlininfll 
the  tip  reaching  to  the  umbo.  The  large,  rounded  head  projecti 
above  the  upper  edge  of  the  tympanic  membrane  and  fonns  a  intf 

joint  of  a  peculiar  nature  with  tbi 
incus.  It  has  two  processes  m  ; 
dition  to  the  manubrium ;  a  sh 
one,  processus  bre\is,  that  pn 
against  the  upper  edge  of  the  1 
panic  membrane^  and  a  longer  i 
the  processus  gracilis  or  pr 
Folianus,  which  projects  far 
and  is  continued  by  a  ligamentp  tk 
anterior  ligament,  through  whick 
the  malleus  is  attached  to  the  bony 
wall  of  the  tympanic  cavity.  Thn* 
other  ligaments  are  attached  to  the 
malleuSp  the  external  ligamentt  hmi- 
ing  it  to  the  external  face  of  the 
canity,  the  posterior  ligament,  aod 
the  superior  ligament,  the  latter  at- 
taching the  upper  part  of  the  held 
to  the  roof  of  the  t\Tnpanic  ca\ity.  B}^  means  of  these  ligainente 
the  bone  is  held  steadily  in  position  even  after  its  connection 
with  the  incus  are  loosened.  The  incus  is  somewhat  more  niifr 
sive  than  the  malleus,  weighing  about  25  milligrams.  Its  thicker 
portion  articulates  with  the  head  of  the  malleus,  and  it  has  W 
proce^es  nearly  at  right  angles  to  each  other.  The  shorter  proceai 
extends  posteriorly  and  is  attached  by  a  ligament  to  the  posteriot 
wall  of  the  tympanic  cavity;  the  long  process  passes  downintfil 
parallel  i^ith  the  handle  of  the  malleus,  but  turns  in  at  the  tip 
to  form  the  rounded  os  orbiculare,  which  articulates  with  ^ 
head  of  the  stapes.  This  latter  bone  is  extremely  light,  w^ghin| 
about  3  milligrams,  its  oval  base  being  attached  to  the 
of  the  fenestra  ovalis  by  a  short,  stiff  membrane. 

The  Mode  of  Action  of  the  Ear  Bones.— The  move 
the  tympanic  membrane  are  conmiunicated  to  the  tip  of  the  1 
of  the  manubrium.     As  the  handle  moves  in,  the  chain  of 
makes  a  rotar>'  movement  around  an  axis  which  may  be  defi 
the  line  passing  through  the  attachment  of  the  short  process  i 


Mi 


Mm. 

Fig,  170.— The  boiifa  of  the 
middle  «Hir  m  £i»tuml  connection^ 
{Helmhot£x)t  M,  Th«  nrnUeue;  Mcp, 
the  hesd:    Mc^  the  n«ck^    Mi^  the 

ErooMSiu  emcilia;  Mm,  the  manu- 
lium;  /c,  botly  of  the  incus;  lb, 
ifaort  prooesa;  li,  tomg  process;  St 
the  st&pes. 
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tionof  this  axis  is  represented  by  the  line  a-b  in  Fig.  171.  This  line 
pasBes  through  the  neck  of  the  malleus;  so  that  as  the  handle  moves 
in  the  head  of  the  malleus  and  the  upper  part  of  the  incus  move  in 
the  opposite  direction, — ^while  the  long  process  of  the  incus  together 
with  the  stapes,  being  below  the  axis,  moves  in  the  same  direction 
18  the  handle  (see  Fig.  171-4).  The  chain  of  bones,  therefore,  acts 
like  a  bent  lever  whose  fulcrum  is  at  a,  the  power  arm  being  repre- 


^  Fit  171.— To  mastnte  the  lever 
•efbBof  the  ev  booee  {MeKendriek): 
if.  The  malleus; «,  the  mous;  a^,  the 
jnicf  rotation;  a,  short  prooees  of 
■m  abutting  against  the  tympanic 
^;a-|),  the  power  arm;  a-r,  the 
loMl  inn  of  the  krvvr. 


Fi|;.  171  A. —Schema  to  illustrate  the 
way  in  which  the  ear  ossicles  act  to- 
gether as  a  bent  lever  in  transmitting  the 
movements  of  the  tympanic  membrane 
to  the  membrane  of  the  fenestra  ovaUs. 
1.  The  handle  of  the  malleus;  2,  the  long 
process  of  the  incus;  3jthe  stapes  ;  a-&, 
the  axis  of  rotation.  The  arrows  indi- 
cate a  movement  inward  of  the  tympanic 
membrane. 


anted  by  the  line  p-a  and  the  load  arm  by  the  line  r-a.  According 
to  Hehnholtz,'*'  the  distance  p-a  is  equal  to  9.5  mms.,  while  r-a 
is  6.3  mms.  The  movement  at  r,  therefore,  or  the  movement 
rf  the  stapes,  will  have  only  two-thirds  of  the  amplitude  of  the 
oaovement  at  p,  but  will  have  a  correspondingly  greater  force 
(<»»  and  one-half  times).  The  mechanisms  of  the  tympanic 
Doembiane  and  the  ear  bones  combine,  therefore,  to  convert  the 
vibratory  movements  of  the  tympanic  membrane  into  smaller 
hut  more  intense  movements  of  the  membrane  of  the  fenestra 
DvaKs.  It  should  be  borne  in  mind,  however,  that  the  amplitude 
rf  these  movements  under  normal  conditions  !s  very  minute, 
rhat  of  the  base  of  the  stirrup  is  estimated  at  about  0.04 
nm.,  while  the  amplitude  at  the  tip  of  the  manubrium,  though 
datively  much  larger,  is  still  less  than  a  millimeter  (0.2  to 
L7  mm.).  The  minute  but  relatively  intense  movements  of  the 
tapes  set  into  vibration  the  perilymph  in  the  internal  ear,  and 
lirough  these  movements  the  sensory  nerve  cells  in  the  cochlea 

•  Helmholtz,  "Die  Lehre  von  den  Tonempfindungen,  etc.,**  fifth  edition, 
(96.    See  also  English  translation  by  Ellis.     . 
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are  stimulated,  and  nen^e  impulses  are  thereby  aroused  in  the 
fibers  of  tbe  cochlear  uen^e.     Ankylosis  of  the  e^r  bones  impedei 
their  movements  and  impairs  the  delicacy  of  hearing,  and  if  the  sn- ' 
kylosis  afiFeets  the  base  of  the  stapes  at  its  insertion  into  the  feiiestn  j 
ovalis  practically  complete  deafness  ensues.    The  articulatiou  of  1 
the  head  of  the  malleus  with  the  body  of  the  incus  is  a  peculiar  1 
saddle-shaped  joint,  %vliich^  according  to  the  description  given  l^j 
Helmholtz,  acts  like  a  cogged  or  ratchet  mo%^enient.     WbeJi  tin 
tympanic  membrane  moves  in  and  the  head  of  the  malleus*  thete-J 
fore^  moves  outward,  the  joint  locks,  so  that  the  incus  follows  tin] 
malleus^     If,  however,  from  any  unusual  cause  the  tympanic  menKl 
braue  is  moved  outward  from  its  resting  i>osiiion,  ai?  may  result,  yl 
instance,  from  a  marked  fall  in  air  pre^j^ure.  then  the  malleus-incu*-*  j 
joint  unlocks  and  the  incus  fails  to  follow  completely  the  movemenij 
of  the  malleus,  therebx-  protecting  tlie  structures  in  the  internal  < 

Muscles  of  the  Middle  Ear.^Two  small  muscles  are  present  tfl] 
tlie  nuddle  ear:  the  tensor  tvmpani  and  the  stai>edius.  The  for 
arises  in  a  groove  just  alio\^e  the  Eustachian  tube  and  its  long  1 
is  inserted  into  the  neck  of  the  malleus  just  below  the  axis  of  TOt 
The  muscle  is  innervated  by  a  Ijraneh  of  the  fifth  nen^^.  It 
obvious  that  when  this  muscle  contracts  it  must  pull  the  l\Tiipankl 
memlrrane  inward  and  i>ut  it  under  greater  tension.  It  has  linmi 
shown  that  in  some  jiersons  this  muscle  can  be  contracteil  volunt: 
ily,  the  tympanic  memlirane  bcinp;  pulled  inward,  f  The  stapwlitt 
nujscle  arises  frun^  tlie  inner  wall  of  the  tympanic  ca\*ity  and  ill 
tendon  is  inserted  into  the  neck  of  the  stapes.  This  musi-le  i 
innerv^ated  through  a  branch  of  the  facial.  When  it  contracts  i 
tends  to  j>ull  the  staj^^es  laterally,  and  thus  probably  places  the  i 
bmne  attached  to  its  base  under  greater  tension.  The  fuucti 
fulfillefl  by  these  muscles  have  been  the  subject  of  much  contro^'C 
According  to  a  view  first  proposed  by  Johannes  Muller,  they  nclt 
a  protective  mechanism  to  the  membranes  of  the  middle  ear, 
increasing  the  tension  of  the  membranes  they  limit  the  amplitude  I 
their  vibrations  and  thus  protect  the  membranes  from  injun- 
|x>ssible  rupture  in  the  case  of  the  violent  movements  residting  froil 
loud,  explosive  noises.  Or  possibly  by  their  reflex  contmcli 
they  protect  us  from  intense,  disiigreeable  noises,  by  limiting 
responsiveness  of  the  vibrating  membranes.  A  more  probable  ne 
however,  and  one  sup]>orted  to  some  extent  by  experimental  e^l 
dence,  was  suggested  by  Mach.  According  to  this  observ*er, 
contractions  of  the  muscles  adjust  the  membranes  to  the 

*  Soni*^  doubt  hiw  beon  thrown  up€m  ^\\\s  ii^terpsi  ing  h>"p^»' 
thp  nature  of  I  ho  iHMlleiis-infMirt  iirtieuhition.     According  to  ! 
Arehiv,  1911,  13,  54S'V:i,  the  two  bones  are  not  wnitcxl  by  a  i  njr  joints 
are  ankylwf^l  m<^ri'  or  Irss  nRidly,  so  that  movement  between  them  is  i 
probable. 

t  Mangold,  "Pfiiiger'n  Archiv/'  149,  539,  1913, 
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eceptioH  of  sound  vibrations  and  are  used,  therefore,  in  attentive 
istoiing.  They  form,  in  fact,  a  mechanism  of  acconmiodation  simi- 
tfin  its  general  functions  to  the  ciliary  muscle  of  the  eye.  Hensen* 
as  shown  that  both  muscles  contract  reflexly  to  sounds,  and  that 
le  contractions  of  the  tensor  tympani  are  stronger,  the  higher  the 
itch  of  the  sound.  This  contraction  seems  to  take  place  at  the 
^^uming  of  the  soimd,  but  is  not  maintained  for  a  long  period. 
be  reaction  is  apparently  a  reflex  movement  the  sensory  path  of 
hich  lies  in  the  acoustic  nerve  and  the  reflex  center  in  the  medulla 
dongata.  That  a  similar  reflex  adjustment  takes  place  in  man  is 
(Seated  by  the  following  experiment  described  by  Hensen.  If 
bile  listening  to  a  tuning-fork  (400  to  1000  v.  d.)  a  metronome  is  set 
ing  at  a  rate  of  40  to  60  beats  per  minute,  the  tone  of  the  timing- 
rk  becomes  obviously  strengthened.  The  stimulus  of  the  noise 
used  by  the  metronome  may  be  supposed  to  excite  the  reflex  con- 
ictions  of  the  muscles  of  the  ear  and  thus  increase  its  responsive- 
8B  to  the  vibrations  of  the  tuning-fork.  According  to  this  view, 
erefore,  the  ear  muscles  are  kept  constantly  in  play  by  sounds  or 
dden  variations  in  the  intensity  of  sounds,  and  perhaps  the  obvious 
brt  experienced  in  listening  intently  to  a  sound  is  also  due  to  a  con- 
kction  of  these  muscles. 

The  Eustachian  Tube. — ^Through  the  Eustachian  tube  a  com- 
inication  is  established  between  the  tympanic  cavity  and  the 
aiynx,  and  through  this  latter  with  the  exterior.  The  obvious 
vantage  of  this  arrangement  is  that  it  keeps  the  air  within  the 
npanum  under  the  same  pressure  as  the  outside  air, — that  is,  the 
SBuie  on  the  two  sides  of  the  tympanic  membrane  is  kept  the 
ne.  The  pharyngeal  opening  of  the  tube  is  normally  closed,  but  it 
ij  be  opened  by  raising  or  lowering  the  pressure  in  the  pharynx. 
is  happens,  for  instance,  in  the  act  of  swallowing,  and  we  perform 
18  act,  therefore,  whenever  our  sensations  from  the  tympanic  mem- 
me  warn  us  of  an  inequality  in  pressure  upon  the  two  sides.  When, 
r  instance,  one  enters  a  caisson  in  which  the  external  pressure  is 
zreased  over  the  normal  atmospheric  pressure  the  tympanic 
snbrane  would  be  driven  inward  by  the  excess  of  external  pres- 
pe  were  it  not  for  the  existence  of  the  Eustachian  tube.  Under 
BBS  conditions  swallowing  movements  will  open  the  pharyngeal  end 
the  tube  and  thus  bring  the  tympanic  cavity  under  a  barometric 
»uie  equal  to  that  on  the  outside.  In  nasal  catarrh  the  tube 
y  be  occluded  so  as  to  prevent  this  equalization,  and  under  such 
iditions,  as  is  well  known,  the  delicacy  of  hearing  is  much  im- 
led,  until  by  raising  the  pressure  in  the  pharj^nx  or  by  other 
ans  the  tube  is  opened. 

The  Projection  of  the  Auditory  Sensations. — Auditory  sen- 
ions  are  projected  to  the  exterior  and,  indeed,  to  the  supposed 
♦  HeDBen,  "Archiv  f.  d.  gesammte  Physiologie,"  87,  355,  1901. 
25 
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origin  of  the  sound.  The  projection,  however,  is  nothing  like 
perfect  as  in  the  case  of  visual  stimuli.  Our  judgments  of  the 
tance  and  direction  of  sounds  are  manifestl}'  less  exact  tlian  in 
case  of  objects  seen  l>y  the  eye.  As  an  example,  one  may  refer 
the  ililFiculty  of  locating  exactly  sucli  sounds  as  the  note  of  a  crick 
In  the  ear  the  sensitive  elements  in  the  cochlea  are  not  arranged 
that  sounds  coming  from  different  dii'ections  can  aflfect  diffeK 
nerve  fibers.  All  sound  stimuU  come  to  this  part  of  the  ear  b>* 
path, — namely,  the  tympanic  membrane  and  its  accesson*  stn 
tures.  In  judging  the  tlirection  and  distance  of  sounds  we  n 
rely,  therefore,  uixin  the  relative  distinctness  of  the  sounds  in 
two  ears,  the  variations  in  distinctness  observed  by  vaning 
position  of  the  lietid,  the  accessory  infonnation  obtained 
vision,  etc.  It  is  stated  (Brown)  that  when  the  two  eArs  are 
the  localization  is  more  exact  than  when  only  one  ear  is  ope 
The  two  ea-rs  act  somewhat  like  the  two  eyes  in  pvin^  a  «ipa1 
or  perspective  element  to  the  projection.  The  general  sensibiiil 
of  the  tympanic  membrane  also  plays  a  part.  When  a  vihrati 
Ijody — a  tuning- fork,  for  example — is  held  between  the  teet.li. 
vilirations  are  transmitted  to  the  internal  ear,  in  part  at  I 
through  the  l>ones  of  the  head,  and  the  sound  in  this  ca.se  h  rcfci 
or  |>rojected  into  the  head  itself  instead  of  to  the  tuning-fort 
that  in  hearing  l>y  the  usual  method  the  sensations  of  the  vibnU 
tympanic  membrane  must  form  part  of  the  data  bj'  means  of  whi( 
we  project  the  sensation  to  the  extcTior. 

The  Sensory  Epitheliom  of  the  Cochlea. — The  fibers  of 
cochlear  branch  of  the  authtor>"  nerve  ari.se  in  the  nerve  cells  of 
spiral  ganglion  situated  in  the  central  pillar,  the  modiolus,  of 
cochle^a.  This  ganghon  resembles  in  structure  the  posterior  i 
ganglion  of  the  spinal  nerves.  Each  cell  is  bipolar,  sending 
fiber  t*jward  tlie  brain  in  the  acoustic  nerve,  and  one  fiber  to  en< 
terminal  arliorizations  arcjund  the  sensor}^  cells  or  hair  cells  oi 
organ  of  forti  in  the  cochlea.  We  have  every  reason  to  brfii 
therefore,  that  these  hair  cells  form  the  apparatus  which  isaffee 
by  sound  and  by  means  of  which  nerv^e  impulses  are 
and  transmitted  to  the  acoustic  fibers.  The  general  arrangeo 
and  the  relations  of  these  cells  are  indicated  in  Fig.  172.  1 
consist  of  short  more  or  less  cylindrical  cells  (E,  6,  6',  6*.  Fig.  I 
whose  lower  portion  does  not  reach  to  the  basilar  membrane, 
is  supported  hy  the  intervening  Deiters  cells.  The  upper  end| 
the  cells  project  through  the  openings  in  the  reticulate  membl 
and  end  in  a  number — according  to  Retzius,*  about  twenty 
stiff  hairs.  The  hair  cells  are  arranged  in  four  to  mx  lOWSr 
row  on  the  inner  side  of  the  inner  rods  of  Corti  and  three  to 

*  The  most  comi)lcl<*  dehiilH  of  the  atnit^tirc  of  the  ear  will  be  fonoi 
thL*  grt'tir  work  of  Retziui*,  "  De  Oebororgan  (Jct  Wirtielthiere,"  irol.  ti,  f 
8tof'kholrn. 
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v,\  according  to  the  part  of  the  eocliloa  exatiimed  on  the  outer 
'  of  the  rods  of  Corti.  Their  total  niinil>er  ha.s  been  estimated 
fferently  by  different  observers;  but,  aecepting  the  lower  figures 
u,  it  may  be  said  that  there  are  at  letuit  3500  inner  hair  eella 
1 13,000  outer  ones,  giving  a  total  of  16,500  or  more.  The  theory 
sUy  proposed  to  account  for  the  mechanism  by  which  the  vibra- 
i  of  the  perilymph  affect  these  cells,  and  especially  the  expla- 
nation of  the  means  by  which  different  sounds  affect  different  cells, 
18  that  there  is  contained  in  the  cochlea  a  mechanism  w^hich  acts 
bj  sympathetic    resonance.     To  make  this  theory  dear  a   short 


view  of  tbe  oTBari  of  Orti.  the  Heaj*e  eeUs,  aiitl  the  accessMOry 
•u»  cochlea  {Testui):  A^Iuugt  rods  of  Corti ;  jB,  outer  roda 
>  !i  ;  Z>.  basilar  membriLae;  J?,^  »jingle  row  of  tniner  Wir  (8«a^) 
I;  ti,  6',  6',  row*  uf  outer  hair  (*ienae)  eeUu;  7,  7'.  «upf«:»rluig  cells  nf  Deir<?rs.  The 
Vo(  tbp  iooer  hjur  relics  ure  tseeri  jrjrojectiiiK  through  Che  opeainKH  ^^f  the  rPi^ieutal« 
abfaae.  The  terminjil  arboriuiUoaA  of  the  cochlear  nerve  fibers  end  arotJQd  thm 
W  »nd  oui«r  laur  ceil». 

leseription  must  be  given  of  the  nature  of  sound  waves  and  the 
ical  fact«5  in  regard  to  sympathetic  resonance. 
e  Nature  and  Action  of  Sound  Waves,— -Soimd  waves  in 
insist  of  longitudinal  vibrations  of  the  air  molecules,  alternate 
of  rarefaction  and  condensation.     For  con%*emence'  sake, 
waves  are  usually  represented  graphically  after  the  manner  of 
waves,  by  a  curved  line  rising  above  and  falling  below  a 
zero  line,   the  ordinates  above  the  zero  line  representing 
pliase  of  condensation,  and  those  below  the  phase  of  rarefaction. 
waves  are  produced  by  the  vil>rations  of  the  sounding  body, 
may  vary  greatly  in  length,  in  amplitude,  and  in  form.     For 
jcal  soiindB  within  the  range  of  hearing  the  length  of  the  waves 
var>'  from  forty  to  seventy  feet,  at  the  one  extreme,  to  a  frac- 
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tion  of  an  innh  at  the  other.  They  travel  through  the  \ 
averiige  velocity  of  1 100  to  1200  foot  per  second,  the  exact  n 
ing  with  the  temperature.  When  these  vvavei>^  whatever 
their  form,  follow  each  other  with  regularity — that  is,  with  i 
period  or  rhythm — a  musical  sound  is  perceived  prov 
rhythm  is  maintained  for  a  number  of  vibrations.  So  that 
ity  or  periodicity  of  the  sound  waves  may  be  considered  m 
derlying  physical  cause  of  musical  sounds.  Non-musical  8 
noises,  wluch  constitute  the  vast  majority  of  our  auditoi 
tions,  are  referred,  on  the  contrar\^,  to  non-periodical  \i 
Waves  of  tliis  kind  may  be  due  to  the  nature  of  the  impu 
to  the  air  by  the  soimding  body,— single  pulses,  for  insta 
series  of  such  pulses  or  shocks  following  at  a  slow  or 
rhythm,  or  as  is  more  frequently  the  case,  they  may  resui 
niixture  of  very'  short  and  different  rhythmical  vibrati 
the  case  of  musical  sounds  is  far  the  simpler,  the  theoi 
action  of  the  cochlea  has  been  based  chiefly  upon  th 
obtained  from  a  study  of  these  foniis  of  waves. 

Classification  and  Properties  of  Musical  Sounds*- 
sounds  exhibit  three  fundamental  properties^  each  of  w^hiel 
referred  to  a  difference  in  the  physical  stimulus.  They 
the  first  place,  in  pitch,  and  this  difference  finds  its  expki 
the  rapidity  of  vibration  of  the  sounding  body  and  the  soui 
produced  by  it.  The  more  rapid  the  rate,  the  shorter  wi 
waves  and  the  higher  will  l>e  the  pitch  of  the  musical  note 
of  the  same  pitch  may,  however,  var>'  in  loudness  or  inten 


Fijc.  173.— Toil1u«trAt«theconcfptioDofdJf«reEicoBiiii>ltch  «od  in  amplitude 
In  A  tbrM  pendular  or  atntia  curves  m  the  same  |>eriod  or  pitc'hi,  but  with  oiffereDl 
In  B  thne  pendiilar  or  tmus  curves  uf  the  same  ainf^ntudo,  but  with  difTcrctit  p 
Auerbooh). 

this  difference  is  referable  to  the  amplitude  of  the  vtbral; 
Fig,  173).  A  given  tuning-fork  emits  always  a  note  of  i 
pitch,  but  the  loudness  of  the  note  may  vary  according  to  i 
litude  of  the  vibrations.  The  viljrations  of  the  tympac 
brane  and  of  the  perilymph  in  the  internal  ear  vary  in  rat< 
tensity  with  the  sounding  body;  so  that  we  may  say  that  tl 
lation  of  the  hair-celLs  in  the  cochlea  gives  us  auditory  m 
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in  pitch  with  the  rate  of  exciUition  ami  in  intensity  with 
iKtude  uf  the  vibratory  itio%^enient.  A  third  property  of 
sounds  is  their  variations  in  quahty  or  timbre.  The  same 
of  the  same  amphtude^  when  giveu  by  tlifferent  musical  instru- 
I,  varies  in  quality,  so  that  we  have  no  difficolty  in  reeojjjnizing 
ijiotc  of  a  piano  from  the  same  note  when  given  i>y  a  viotin  or 
'  human  voice.  The  underlying  phy*sical  cause  of  variations  in 
bre  is  found  in  the  form  of  the  sound  waves  produced^  and  im- 
liately^  therefore,  in  the  form  of  vibratory  movement  comruuui- 
sd  to  the  peril>Tiiph.  Examination  of  the  forain  of  sound  waves 
[tuced  by  different  musical  instruments  shows  that  they  may  be 
ded  into  two  great  groups :  (I)  The  simple  or  pendular  form ;  (2) 
■mpouixd  or  non*p4^nduiar  form.  The  simple  or  pendular  form 
mt  is  given,  for  instance,  by  tuning  forks.  A  graphic  repre- 
ation  of  tliis  wave  form  ma}^  be  obtained  by  attaching  a  bristle 
bend  of  the  fork  and  allowing  it  to  write  upon  a  piece  of  black- 
iper  moving  with  uniform  velocity, — the  blackened  surface, 
ncBj  of  a  kymographion.  The  form  of  the  wave  obtained 
ted  in  Fig.  174.  The  vibrating  body  swings  symmetrically 
idi  aide  of  the  Une  of  rest,  and,  inasmuch  as  this  is  also  the  form 
fcvement  that  would  be  traced  by  a  swinging  pendvdum,  this 
Bf  wave  is  designated  freciuently  as  pendular.  It  is  sometimes 
Kalso  the  sinusoidal  wave,  since  the  distance  of  the  vibrating 
rto  ea€h  side  of  the  line  of  rest  is  equal  to  the  sine  of  an  arc 
easing  proportionally  for  the  time  of  the  phiise.  A  compound 
oon-pendular  or  non-sinnsoidal)  tmrc  may  iiave  a  ver>'  great 
jjr  of  forms.  The  different  phases  follow  i>eriodicalIVj  but  the 
Hent  of  the  vibrating  body  to  each  side  of  the  line  of  rest  is  not 


Fu:    1    i      I  .  rni  of  wave  made  by  tuning  fork. 

By  sv-mmetrical .    Fourier  has  showTi  that  any  periodical  vibra- 
^vement,  whatever  may  be  its  form,  may  be  considered  as 
comjx>sed  of  a  series  of  simple  or  pendular  movements  whose 
)ds  of  vibrations  arc  1,  2,  3^  4,  etc.,  times  as  great  as  the  vibra- 

friod  of  the  given  movement.  Tliat  is,  every  so-called  com- 
wave  form  may  be  considered  as  being  causeil  by  the  fusion 
imber  of  simple  waves.  Representing  the  wave  movement 
air  graphically  as  water  waves,  this  composition  of  simple 
IB  into  compound  ones  Is  illustrat'ed  by  the  curv^es  given  in  Fig. 
ftln  tliis  figure  A  and  B  represent  two  simple  vibrations  such 
pild  be  given  by  two  timing-forks,  the  vibrations  in  B  being 
le  those  of  *4»    If  these  two  waves  are  coraimmicat^d  to  the  air 


< 
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at  the  fiamc*  time  the  at^tual  niovomerit  of  tiic*  molecules 
resultant  of  the  forces  acting  upon  iliem  at  any  given  ins^tanti 
the  actaal  movement  %vill  be  indicated,  therefore,  by  the  algebi 
sum  of  the  ordinate^  above  and  below  the  lines  of  rest.    U 
movements  are  so  timed  that  e  in  curve  B  is  synchronous  withd'ia 
curve  ^4 ,  then  the  resulting  compound  wave  form  is  illustrated  by 
If,  however^  curve  B  is  supposed  to  lie  in  a  different  phase,  s»>tb 
is  synchronous  with  d\  then  a  form  of  wave  illustrated  by  D  will 
obtained.     In  thia  way  a  great  variety  of  forms  of  compound 
nmy  be  supposed  to  be  produced  by  the  union  of  a  series  of 
waves  of  different  periods  of  vibration.     That  compound  wai 
fer  from  simple  ones  in  lieing  comi:>f>sed  of  several  series  of 
is  indicated  directly  by  our  sensations.     When  we  listen  to  the 
of  a  tuning-fork  we  hear  only  a  single  tone;   when  two  or 
tuning-forks  are  sounded  together  the  trained  ear  can  detect  the 
due  to  each  fork,  and  similariy  when  a  single  note  is  soimdedbj 
the  human  voice,  a  violin,  or  any  other  instmment  that  has  a  chifr 
acfceristic  quality  the  trained  ear  can  detect  a  series  of  higher 


Fig.    17fi. — Schema  by  Helmholti  to  illustnitfl  the  formation  of  &  oomixiaikd^ 
from  two  pendular  waves;   A  »nd  B,  penrlular  vibmtioiw,  B  being  the  octavt  gT 
«iiperpa?cd  no  thjit  t  coincides  with  tf  and  the  ordinates  are  added  algebtiUeattyi ' 
penduJiir  ryrve  C  is  produced.     If  miperpoaed  so  that  a  coincidea  with  ^  Um     "^ 
curve  D  la  produced, 

the  upfK»r  partial  tones,  or  harmonics,  or  overtones,  which  i 
that  the  note  is  really  compound,  and  not  simple.  The  fo 
of  these  overtones  is  due  to  the  fact  that  the  sountling  body 
cont^idered  as  vibrating  not  only  as  a  whole,  but  also  in  its  \ 
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ttrts,  as  is  represented  in  Fig.  176^  illustrating  the  vibrations  of  a 
Wng.  When  the  string  is  plucked,  it  vibrates  as  a  whole  (a),  giv- 
^lazge  waves  which  produce  what  is  called  the  fundamental  tone, 
it  at  the  same  time  each  half  (6),  third  (c),  fourth  (d),  etc.,  may 
brate,  giving  each  its  own  simple  tone.  The  combination  of  all 
these  simple  waves  forms  a  compound  wave  whose  form  or,  at 
rt,  whose  composition,  determines  the  quality  of  the  tone  heard, 
many  as  ten  or  sixteen  of  these  overtones  may  be  detected  from 
vibrating  strings  of  a  violin  or  guitar.  When  the  period  of 
ration  of  these  overtones  bears  a  simple  ratio  to  that  of  the 
damental,  a  ratio  that  can  be  expressed  by  the  simple  num- 


Fig.  176.— To  QluBtrato  the  mechanism  of  the  fonnation  of  overtones.— <J7e6nAoftff.) 
■  the  string  vibrates  as  a  whole.  8;i>'ing  its  fundamental  tone;  in  6,  e,  and  a,  its  halves. 
^  and  fourths  are  vibrating  independently.  When  a  string  is  stniok«  plucked,  or  bowed 
M  aovements  ma^  happen  simultaneously  and  the  fundamental  note  due  to  the  vibra* 
Ijoithe  whole  stnng  is  combined  with  the  notes  due  to  the  vibrations  of  aliquot  parts, 
O'VRtoDes.  The  ccmibination  gives  a  compound  wave  whose  form  and  musical  quality 
f  with  the  number  and  relative  strength  of  the  overtones. 


s  1,  2,  3,  4,  5,  they  harmonize  with  it  and  form  the  harmonic 
irtones.  It  should  be  borne  in  mind  that,  so  far  as  the  tympanic 
nbrane  is  concerned,  it  does  not  respond  separately  to  the  single 
es  which  constitute  the  compound  wave,  but  swings  in  unison 
i  the  movement  of  the  compound  wave.  Nevertheless,  the  in- 
lal  ear,  according  to  the  law  of  Ohm,  is  capable  of  analyzing  the 
pound  wave  form  into  the  scries  of  simple  or  pendular  wave 
IS  of  which  it  is  composed,  and  of  distinguishing  the  series  of 
esponding  tones.  While  this  analysis  cannot  be  made  con- 
isly  except  by  the  trained  musician,  it  is  made  unconsciously, 
were,  by  every  normal  ear,  and  in  consequence  of  this  analysis 
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we  recognize  the  variatiorun  in  quality  of  different  compound  1 
The  prin€iple  upon  which  the  cochlea  acts  in  thus  separating  t 
compound  tones  into  their  element«  is  not  explaine<i  %vith  entiT^ 
satisfaction.     According  to  the  view  so  admirably  presi'ntetl  bj 
Helmholtz,*  the  analysis  depends  upon  the  existence  in  the  ear  i 
a  mechanism  for  sympathetic  vibrations  or  resonance* 

Sympathetic    Vibrations    or    Resonance, — By    sympaii 
vibration  is  meant  the  fact  that  an  elastic  body  is  easily  set  i 
vibration  by  movements  of  the  surrounding  medium  when 
movements  correspond  with  its  own  period  of  \"ibration.    A  i 
whose  period  of  vibration  is  128  i>er  second  will  be  little  affei 
by  vibrations  of  the  surrounding  air  unless  they  have  the  j 
periodicity.     If,  how^ever,  a  note  of  this  period  is  sounded  b>' 
voice,  for  instance,  the  string  will  be  set  into  vibration  vnih  ; 
tive  ease.     By  means  of  this  principle  the  untrained  ear  can  i 
pick  out  the  more  prominent  of  the  upper  harmonics  of  any  gilj 
note  of  a  musical  instrument*    1 1  is  onl}'  necessary  to  select  a  i 
reaonators  corresponding  to  the  series  of  overtones.     Each 
nator  is  set  into  vibration  by  its  corresponding  overtone  andj 
emphasizes  this  particular  tone  that  it  may  be  easily 
If  one  stands  in  front  of  a  piano  with   the  strings  exposed 
sings  a  given  note  it  may  be  shown  that  a  series  of  the  piano  i 
is  set  into  \dbration  corresponding,  in  the  first  place,  to  the 
of  \ibration  of  the  fundamental  tone,  and  secondly  to   the  i 
prominent  of   the  harmonic  o\'ertones.     In   this   case   the 
]>ound  wave  strikes  upon  the  collection  of  strings  of  the 
and  is  analyzed  into  its  comfwnent  simple  tones  by  the 
thetic  vibrations  of  the  coiresjKinding  strings.     Helmholtz  i 
that  the  cochlea  analyzes  compound  musical  waves  by  an  i 
similar  method. 

The  Functions  of  the  Cochlea, — The  vibrator^"  move 
whatever  may  be  its  fonii,  in  the  air  of  the  external  meatus  i 
parts  to. the  tympanic  membrane  a  similar  form  of  movement,  I 
this,  in  turn,  through  the  ear  bones  and  the  membrane  of  the  fd 
tra  ovalis  sets  the  perilymph  into  vibrations  of  the  same  form, 
the  perilj^mph  can  swing  or  vibrate  under  the  influence  of  the  i 
ments  of  the  stapes  is  explained  by  the  existence  of  the 
openings  the  fenestra  rotunda,  l>etween  the  middle  and  the 
nal  ear  (see  Fig.  167).     As  the  membrane  of  the  fenestra  ov 
pushed  in,  that  of  the  fenestra  rotunda  is  pushed  out,  and 
versa,  and  the  wave  movement  is  transmitted  along  the  peril)' 
of  the  cochlea  in  a  manner  illustrated  by  the  schema  repr 
in  Fig,  177.     These  vibratory  movements  uf  the  peril>"mph4 
the  membranous  cochlea^  which  may  be  regarded  as 
pended  in  the  perilymph,  and,  according  to  the  resonance! 
*  HclmholU,  loe,  ciL 
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ocrtain  structures  within  the  membranous  cochlea  are  set  into  sym- 
jMthetic  vibrations  corresponding  to  the  simple  waves  of  which  the 
compound  wave  is  constituted.  Helmholtz  first  suggested  that 
the  peculiar  rods  of  Corti  form  the  resonating  apparatus,  and 
fcj  sympathetic  vibrations  are  capable  of  analyzing  the  compound 

finesfm  wmiis^^X: "-": — : ..,    ^. ^ 

<^|  ^Scaia  Vesnbuh  ^N  r  ,•    * 

,.     -.        ^     M^%.  : ynelufolrema 

UmaTnt  /vJSiffH/i^'^  ^cala  lympojti y 

\  fit.  ITT.^-Sohematie  figure  from  Auerbach  to  show  the  relatiye  positions  of  the  mem- 

1     BOBM  of  the  oval  and  round  fenestras  and  the  course  of  the  wave  movement  through  the 
•BiUn  from  ooe  to  the  other. 

IDorement.  Later,  however,  this  suggestion  was  abandoned, 
■Dce  the  number  of  the  rods  is  not  sufficiently  great  perhaps  to 
aoBwer  the  requirements  of  this  theory.  According  to  Retzius, 
the  inner  rods  number  5600  and  the  outer  ones  3850.  Moreover, 
these  structures  are  absent  from  the  bird's  cochlea,  and  we  must 
assume  that  these  animals  are  capable  of  appreciating  musical 
■oonds.  Helmholtz  then  adopted  a  suggestion  of  Hensen's,  that 
the  basilar  membrane  constitutes  the  resonating  apparatus.  This 
Bttmbrane  forms  the  floor  of  the  membranous  cochlea,  stretching 
from  the  limbus  to  the  opposite  side  of  the  bony  cochlea  (Fig. 
172).  Its  middle  layer  consists  of  fibers,  running  radially,  which, 
though  united  to  one  another,  are  sufficiently  independent  to  be 
regarded  as  separate  strings.  These  fibers  in  the  portion  covered 
hf  the  rods  of  Corti,  the  inner  zone  or  zona  tecta,  are  finer  and 
more  difficult  to  separate  than  in  the  portion  exterior  to  the  outer 
lods,  the  outer  zone  or  zona  pectinata.  From  the  base  to  the  apex 
of  the  cochlea  the  membrane  increases  in  width,  the  length  of  the 
•trings  in  the  outer  zone  varying,  according  to  Retzius,  from  135  /i  in 
the  basal  portion  to  220  /i  in  the  middle  spiral  and  to  234  /i  at  the 
ipex.  The  whole  structure  is  estimated  to  contain  about  24,000 
things  vai3dng  gradually  in  length,  as  stated,  and  resembling  in 
IBoeral  arrangement  the  strings  of  the  piano.  Assuming  that  each 
of  these  fibers  has  its  own  period  of  vibration,  we  may  imagine  that 
fte  entire  collection  forms  an  apparatus  for  sympathetic  vibration 
^vhich  is  capable  of  analyzing  each  compound  wave  motion  into 
fa  constituent  simple  waves,  each  string  being  set  into  strong- 
tit  vibrations  by  the  wave  of  the  corresponding  period.  More- 
over, it  is  implied  or  assumed  in  this  theory  that  the  vibrations  of 
cich  string  are  communicated  to  a  corresponding  nerve  fiber  of 
the  cochlear  nerve,  through  which  the  stimulus  is  conveyed  to 
the  brain  as  a  nerve  impulse.  We  should  be  capable  of  perceiv- 
"ng,  theoretically,  as  many  distinct  musical  tones  as  there  are 
JiberB  in  the  basilar  membrane,  while  a  compound  wave,  by  setting 
I  number  of  these  mechanisms  into  action,  gives  a  series 
d  sensations  which  are  more  or  less  fused  in  consciousness.    The 
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peculiar  quality  or  timbre  of  thc^  tone  of  each  instniment 
able*  therefore^  iniiiiediately  to  the  number  and  relative  inteiifll 
of  the  simple  tone  sensations  that  it  arouses.  The  fusion  of  t) 
elementar}^  tone  sensations  into  compountl  ones  of  different  d 
ities  is  comparable,  in  a  general  way,  to  the  fusion  of  simple  i 
sensations,  with  this  exception,  howe^^er,  that  in  the  eompQ 
tone  sensations  we  are  capable  of  distinguishing  more  clearl)^ 
fact  that  they  are  composed  of  simpler  elements  ;  the  constiti 
tones  may  be  recognized  by  the  trained  ear  at  least.  The  med 
ism  by  which  the  \ibrations  of  the  strings  of  the  basilar  Q 
brane  are  conveyed  to  the  hair  cells  and  through  them  to  the  ^ 
fibers  is  a  matter  of  speculation  only,  as  are  also  the  fimctions  ol 
remaining  parts  of  the  organ  of  Cbrti.  It  may  be  sugg^ 
perhaps,  that  the  rods  of  Corti  and  Deiters's  cells,  together} 
the  reticulate  membrane,  with  which  they  are  both  eonnel 
form  not  only  a  supporting  apparatus  for  the  hair^  cells,  but 
a  mechanism  l>y  which  the  vibrations  of  the  strings  are  coi 
nicated  to  the  hairs  of  the  hair  cells ;  but  the  suggestion  is 
factory',  as  the  anatomical  arrangement  does  not  suffice  to 
how  the  vibrations  of  individual  strings  are  transmitted 
separate  hair  cells,  The  assumption  has  also  lieen  made 
the  tectorial  membrane  acts  as  a  damper  to  the  vibrating  hairJ 
or  the  reticulate  membrane.  Its  position  as  a  pad  l}ing  ova 
rods  of  Corti  and  the  reticulate  membrane  justifies  perhaps  sud 
assumption.  Many  physiologists,  while  accepting  the  ge| 
principle  that  the  cochlea  analyzes  the  sound  waves  b,v  a  med 
ism  for  sympathetic  \ibrations,  have  been  unwilling  to  m 
that  the  basilar  membrane  constitutes  such  a  mechanism.  1 
point  to  the  improbability  or  impossibility  of  fibers  of  only 
mm.  {or  (15  mm,  at  the  liest)  in  length  acting  as  efficient  \ 
nators,  especially  as  they  are  not  entirely  free  and  are  suitoiH 
by  liquid.  Attempts  have  been  made,  therefore,  to  select  d 
etnictures  in  the  cochlea  as  more  likely  to  be  affected  by  syi 
thetic  vibrations.  Attention  has  been  directed  mainly  to 
tectorial  membrane  or  membrane  of  Cbrti,  Thus,  Ayers*  beli 
that  this  stnicture  as  seen  in  the  usual  microscopical  preri 
tions,  is  simply  an  artefact.  Under  normal  conditions  hebdl 
that  it  is  a  band  of  ver>'  long  and  delicate  hairs  projecting  froi^ 
hair  cells  and  lying  free  in  the  endolymph.  According  i4 
view,  it  is  these  hairs  that  t^ike  up  the  \ibrations  and  transmit  I 
impulses  directly  to  the  hair  cells.  The  histological  statement! 
which  this  view  is  based  has  not,  however,  been  verified. 
recently  v.  Eiiner,!  reviving  an  older  \iew  of  Hiisse,  has  sugg 

*  Ayprs,  "Journal  of  Morphology,"  6,  1,  1892. 
t  Kolliker,  'VHandbuch  d.  Gewebeiehre/'  sixth   edition.  \'oL  iii.  I 
p.  958.  1902.  ^ 
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tectorial  niembratie,  especially  its  free  end,  serv^es  as  the 
am  for  sympathetic  \dbnition.  Tliis  membrane  increases 
I  from  the  base  to  the  apex  of  the  cochlea  and  varies  in 
3  in  its  radial  diameter,  so  thiit  it  might  be  conceived  to 
to  different  periods  of  vibrations  in  its  different  parts, 
menta  being  comnmnicated  directly  to  the  hair  cells  upon 

rests.     Unfortunately  we   have   no   direct   experimental 

in  favor  of  any  of  these  views.  Several  observers,  how- 
ve  demonstrated  apparently  that,  whatever  may  be  the 
im  for  sympathetic  vibration,  it  is  so  arranged  that  at  the 
the  eoclilea  the  higher  not^s  are  received  and  at  the  apex 
B  of  the  lowest  pitch.  Thus,  Munk,  in  experiments  upon 
w^hich  by  an  operation  tlirough  the  fenestra  rotunda  he  had 
d  the  basal  portion  of  the  cochlea,  found  that  the  animals, 
iemporaiy  deafness  of  some  days,  could  hear  apparently 

tones  and  noises.  Baginsky,*  in  a  later  series  of  experi- 
pened  the  bulla  ossea  on  each  side,  destroyed  the  cochlea 
ide  entirely  so  aB  to  render  that  ear  deaf,  while  iin  theotlier 
sd  it  in  certain  areas  only.  He  found 
en  the  apex  of  the  cochlea  was  ties- 
he  animal  appeared  to  perceive  only 

tones,  c"',  c"",  ^""^ 

Undjunental  principle  of  the  theon'  «f  the 
>f  the  cochlea  as  developed  by  tfelniholU 
lubjected  to  some  criticisiti.  Tlii*  theor)'  *^f  ^ 
"fsonatorB  each  respondiDg  to  a  definite  note 
explain  with  entire  satisfaction  some  of  the 
SDUStic  phenomena.  ThiiK,  it  Ls  knt»wn  that 
I  not*!S  are  soyiided  t^getiier  comhinatioiial 
rbe  heard,  either  a  low  ditTt^rence  tone  whose 
Cjual  U)  that  of  the  differt-nce  betwin^n  the 
two  notesj  or  a  8uniination  tone  whose 
1  to  the  sum  of  the  vibrations  of  the  two 

^FdifBcult  to  conceive  that  these  comhina- 

\  have  an  objective  existence,  as  vil»rations, 
means  by  which  they  are  perceived  by  the 
I  not  ex|»lained  satLsfactorily  by  the  theory 
lore.  Other  theories  of  the  function  of  the 
Ave  been  propo^etl  to  avoid  wych  difticidtipH. 
3ald  t  wuggeata  a  view  according  to  which  tlie 
embrane  vibrates  throughout  its  length  for 
;  He  has  shown  that  a  rubl>er  itienihranc  of 
isions  of  the  basilar  menilirane  will  l>e  m^-I 
vibrations  throughout  \%^  length  and  when 

under  the  microfJCOjK'  presc*nt-8  such  a  pic- 
repre»ented  in  Fig,  178,  in  wliich  the  crests 
res  are  at  a  fixed  interval  for  each  tone.  \l 
^^ier\*ak  the  tMirrespondin^  hair  cells  and 
^Kre  supposed  to  l>e  Htiiiiidated,  then  our 
MlWuld  recogniste  each  note  by  its  appro- 
irral.  For  the  application  of  thin  thef>ry  to  musical  harmony^ — 
mal  tones  and  beat^^reference  must  Ik-  made  to  the  original 

**Virchow's  Archiv  f.  pathol.  Anat./'  94,  65,  1^<H3. 
•Archiv  f.  d.  gesammte  Physiologic/'  76,  147,  1^499. 
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I  i«.  178.— To  U- 
lustrute  tiie  idea  of 
a  tixed  souulI  wave. — 
KEu^U.)  The  Ulua- 
tration  .sliunv^  n  fuii"* 
(iatneiital  no  re  and  its 
firrit  overtotie. 
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Sensations  of  Harmony  and  Discord, — ^The  comhinatioa 
notes  to  produce  various  harmonies  or  intentional  discords  is  a  1 
of  the  theory  of  music,  but  attention  may  be  called  briefly  to 
phyaiological  explanation  offered  by  Hehnholtz  to  account  fof 
fact  that  certain  notes  when  combined  give  us  a  disagreeable; 
sation,  appear  rough  and  unpleasant;  while  others,  on  the  contl 
produce  pleasant  sensations.  Discord  or  dissonance  is  due,  ad 
ing  to  Helmholtz^  to  the  beats  produced  when  two  dissonant  1 
are  sounded  together.  On  the  physical  side  the  beat, — that 
rh}  thmical  variation  in  the  intensity  of  the  sound, — is  due  m 
phenomenon  of  interference.  If  the  rates  of  vibration  of  two  I 
are  such  tliat  at  certain  intervals  the  crests  of  the  waves  fa 
gether  and  again  the  crest  of  one  coincides  with  the  hollow  a 
other,  the  sound  sensations  will  be  periodically  increased] 
decreased.  While  there  is  ni>  fundamental  explanation  fod 
fact  that  a  regularly  varying  intensity  of  sound  is  disagreeah 
is  a  well-known  phenomenon  and  it  finds  analogies  in  Uie  i 
sensations, — for  instance,  in  the  very  disagreeable  efifect  of  a 
ering  light.  When  two  notes  are  sounded  together  the  numt 
beats  varies  with  the  difference  between  the  rates  of  \ibn 
thus,  two  notes,  one  of  128  viljrations  and  the  other  of  136  1 
tions,  give  8  beats  per  second.  When  the  nural>er  of 
rises  to  33  per  second  the  discord  is  most  disagreeable;  if,  hoii 
the  rate  of  interference  is  more  rapid,  the  unpleasant  senai 
becomes  less  perceptible,  and  beyond  132  per  second  is  notni 
able.  When  the  rates  of  vibrations  of  two  tones  are  such 
neither  the  fundamentals  nor  any  of  the  overtones  give  beafef 
effect  is  that  of  harmony,  the  vibrations  of  one  note  strength 
those  of  the  other.  The  most  perfect  harmony  is  that  of  a 
sounded  simultaneously  with  another  of  the  same  rate,  ratio 
or  with  its  octave,  ratio  1;  2,  The  various  intervals  whid 
music  have  been  found  to  he  perfectly  consonant  or  w^hich  va| 
little  from  it  as  to  he  usable  in  harmonies  are  those  whose  f 
tions  l:)ear  a  simple  ratio  t-o  each  other.  Thus,  the  octave  of 
note  has  the  ratio  of  1 : 2,  the  double  octave  1:4,  the  twelfth 
These  three  intervals  give  absolutely  consonant  sounds.  C 
intervals — such  as  the  fifth,  2:3,  or  the  major  third,  4:  5- 
a  less  perfect  consonance.  Three  or  morc  notes  l>earing  such 
tions  to  each  other  constitute  a  chord,  the  Aibrations  in 
major  chord  being,  for  instance,  in  the  ratios  4:5:6, — c' ^ 
e'  (160),  g'  (192).  j 

The  Limits  of  Hearing* — ^The  rates  of  vibration  that  ci 
perceived  by  the  ear  as   musical  tones  lie   Ijetween  fairly 
defined  limits,  although  in  this  organ »  as  in  the  case  of  thfl 
there   are   individual    %^ariations, — variations,    indeed,  whici 
more  marked  in  the  case  of  the  ear,  since  its  range  of  apprec 
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ger.  The  lowest  rate  of  vibration  that  can  cause  a  musical 
tion  is  usually  placed  at  24  to  30  per  second,  although  some 
!an  still  respond  to  an  octave  lower — about  16  per  second.  To 
ears  vibrations  below  16  per  second  are  felt,  if  perceived  at  all, 
gle  pulses  that  stimulate  the  sensory  nerves  of  the  tympanic 
^rane  itself,  giving  pressure  sensations  rather  than  auditory 
aons.  It  may  happen,  however,  that  vibrations  too  slow 
perceived  by  the  ear  as  an  auditory  sensation  will  give 
>neB  of  a  higher  pitch  and  of  sufficient  strength  to  be  recog- 
The  high  limit  of  audibility,  on  the  other  hand,  is  usually 
[  at  40,000  double  vibrations  per  second,  although  the  various 
ttes  published  vary  so  widely  that  in  this  respect  there  must 
)at  individual  diflferences.  The  shrill  notes  of  insects  are 
)  be  inaudible  to  some  ears.  Eonig,  making  use  of  Eundt's 
d  of  light  powders,  succeeded  in  tuning  a  series  of  forks  to  an 
kted  rate  of  90,000  double  vibrations  per  second.  It  was 
that  those  between  c^  and  c^  (8192  to  32,768)  were  generally 
e,  while  the  Ci©  (65,536)  was  inaudible.  The  limit,  therefore, 
tween  C9  and  Cio-  Notes  near  this  high  limit  are  not,  how- 
isable  in  ordinary  music;  the  sensations  produced  have  a 
seable,  if  not  actually  painful,  shrillness.  The  range  of 
ions  employed  in  music  is  illustrated  by  the  seven  octaves 
piano,  the  notes  varjring  from  the  lowest  c  of  32  vibrations 
rf  4096  vibrations.  The  intervening  series  is  divided  into 
whose  serial  relations  to  each  other  are  expressed  by  the 
J  or  V  and  semitones  of  the  ratio  H  or  H ;  thus,  c"  =  256 
ions  and  the  d"  of  the  same  octave  corresponds  to  256  X  |= 
brations.* 

eHelmholU,  Popular  Scientific  Lectures,  ^'Ueber  die  physiologischen 
en  dee  musikalischen  Harmonie,''  Bonn,  1857. 
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Position  and  Stnicture, — The  membranous  semicL 
lie  within  the  l^oiiy  semicircular  canals,  the  space  bet 
filled  with  ijerilymph  which  communicates  freely  with  tl 
rest  of  the  labyrinth*  Within  the  memliranous  canals  is 
lymph,  wiiich  conmiunicates  through  the  five  opec 
endolymph  in  the  utriculiis.  The  canals  he  in  three  plj 
approximately  at  least,  at  ri^ht  angles  to  one  another  J 
The  horizontal  or  external  canaU  lie  in  a  horizontal  pi 

angles  to  the  mesifi 
plane  of  the  body, 
cal  canals  on  each 
angle  of  about  45 
this  mesial  plane, 
t'ac^h  of  the  ant  eric 
paraUel  to  that  of  i 
inferior  vertical  ea 
posite  side,  as  repre^eri! 
figure.  At  one  end  of  e* 
near  it^s  junction  with  tl 
los,  is  the  sw^elUng  knoi 
ampulla,  and  within  tb< 
lies  the  crista  acustica,  ei 
the  hair  cells  with  which 
fibers  communicate,  an 
therefore,  are  considerc 
sense  cells  of  the  organ, 
cells  are  cylindrical  i 
gives  off  a  long  hair,  ( 
perhaps  of  a  bundle 
hairs,  which  projects 
interior  of  the  canal  for  j 
of  at  least  28/i,  The  ne 
distributed  to  these  hair  cells  are  given  off  by  the  vesiibul 
of  the  eighth  nerve,  or  more  property  the  vestibular  n 
branch  of  w^hieh  (ramus  utriculo-ampullaris)  supplies  th€ 
and  the  ampulla  of  the  superior  and  horizontal  canals, 
other  (ramus  sacculo-ampullaris)  furnishes  fibers  to  thf 
and  the  posterior  ampulla. 
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Fiji.  17t.~I>iagmin  to  j'how  the  jkj*!- 
tion  of  the  semJcirtMilar  cjiiiftlc^  in  the  head 
of  the  bird.  On  each  side  it  will  be  s«!eii 
thut  the  lb  rue  ranaln  ht*  in  planes  ai  riKlii 
anglen  to  one  another.  Tlit*  ^xtenml  or 
huriaontal  canuln  (Ei'  of  the  two  sides  hi* 
in  the  ^arne  ]jlunc.  The  anterior  canal  of 
one  i-ide  (A)  hcsi  in  a  plane  parallel  to  that 
♦if  the  pn-dHrior  caniil  (P)  of  the  other  sltjt^ 
iEwaldK 


'ri»'ir    ntti] 


bow  the  pomelon  &(  the  three  wmielrcular  ctumh  in  the  piKeoQ 
iputlao'  f'otla  (from   prex>artttion    made  by  Dr,  Esther  R*>«»n- 


|ts  obtained  have  been  describetl  in  great  tletail,  for  an 

rhich  reference  must  be  made  to  original  sources. f     In 

[it  may  be  said  that  mjuries  to  the  canals  are  followed  by 

Here  or  less  definite  niovemeiits  of  the  hea<l,  eyes,  and  body, 

\  disturbance  in  the  power  of  the  aniiuul  to  co-ordinate  nor- 

muscles  used  in  standing,  locomotion,  or  flying.     The 

and  extent  of  these  results  vary  with  the  nuniljer  of 

L  and.  iiideed.  show  a  mare  or  less  detinite  rclatioiisliip 
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to  the  several  canals.  When  the  horizontal  canal  is  cut  on  one 
in  pigeons  the  animal  makes  movements  of  the  head  in  the  plane 
that  canal,  and  if  the  similar  canal  on  tlie  other  side  is  abo 
tioned  these  movements  are  more  prononnced.  The  animal 
also  in  moving  show  an  inability  to  walk  normatly  and  atendei 
especially  when  excited,  to  make  abnormal  forced  movements 
rotation  of  the  whole  body.  After  such  an  operation  the  pigeon 
not  fly  voluntarily  and  if  thrown  into  the  air  is  not  able  to 
its  flight  ^vith  accuracy  and  soon  descends.  Similar  operal 
on  the  anterior  or  the  posterior  canals  cause  movements  of  the 
in  the  corresponding  planes  and  a  tendency  in  w^alking  <»- 
to  make  forced  movements — ^somersaults — fon^^ard  or 
When  all  tliree  canals  are  cut  on  one  or  both  sides  the  animal 
a  distressing  inability  to  maintain  a  normal  position.  The  head( 
twisted p  it  is  not  able  to  sta.nd  unless  supported,  and  any  atten 
at  walking  or  fi}ing  results  in  violent  forced  and  inco-ordinil 
movements.  The  animal  makes  continual  somersaults  at 
attempt  to  stand  or  walk  and  the  head  is  kept  in  spasmodic.  fcMte 
movements,  w^hich  may  produce  injur>'  or  death.  To  preserve 
animal  from  injur>'  after  such  an  ext^ensive  operation  it  is  in 
to  keep  it  ^Tapped  in  bandages.  It  should  be  added  that 
of  this  character  are  obtained  only  when  the  membranous 
are  injured.  If  the  !x)ny  canal  alone  is  cut  and  even  if  the  \ 
lymph  is  removed  by  suction  no  such  effects  are  obtained* 
most  slight  and  relatively  transient  movements  of  the  head 
observ^ed.  If  the  exposetl  membranous  canal  is  pricked  with 
needle  more  violent  movements  result,  and  if  sectioned  these 
ments  are  maintained  for  a  longer  period  and  are  accompanied 
the  other  results  described.  Similar  effects  have  been  obi 
from  operations  on  mammals  and  other  animals,  but  the 
are'  more  pronounced  in  some  animals  than  in  others,  vaiyi 
apparently  with,  the  dehcacy  of  the  co-ordination  necessar}*  to 
movements  (Ewald).  Thus^  the  movements  of  walking  or  fly 
in  the  pigeon  may  be  assumed  to  require  a  nicer  adjustment  of 
muscles  used  than  is  necessary  in  the  swimming  movements  of 
fish,  and  in  correspondence  with  this  idea  it  is  found  that  op 
tions  on  the  canals  of  fishes  are  not  followed  by  conspicuous 
upon  the  movements  of  the  animals. 

Temporary  and  Permanent  Effects  of  the  Operation.^' 
general  effects  of  operations  on  the  semicircular  canals,  so  far 
disturbances  of  equilibrium  and  occurrence  ol  forced  mov 
are  concerned,  resemble  those  resulting  from  operations  upon 
cerebellum,  and,  as  in  the  case  of  the  last  mentioned  organj : 
found  by  most  obser^^ers  that  if  the  animal  is  proj>erly  o 
for  the  severity  of  the  first  effects  passes  off  to  a  greater  or 
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extent  Flourens  states  that  his  pigeoas,  with  two  or  more  canals 
cat,  continued  to  show  the  effects  of  the  operation  ahnost  with  the 
aune  intensity  for  nearly  a  year.  Some  unpublished  experunents 
Dmde  in  the  author's  laboratory  have  given  different  results.* 
Pigeons  with  only  one  canal  cut  recover  practically  completely 
irithin  ten  or  more  days.  Those  with  two  canals  cut  recover  nearly 
Bompletely  within  a  month,  so  far  as  walking  is  concerned,  although 
ley  exhibit  an  imwillingness  to  fly.  Those  with  three  or  more 
sinals  cut  never  recover  completely,  but  their  final  condition  is  very 
Efferent  from  that  exhibited  shortly  after  the  operation.  Even 
iben  all  six  canals  have  been  cut  the  animal,  if  well  cared  for  in  the 
Nginmng,  is  able  finally  to  stand  and  walk  and  feed  itself.  It 
I  not  able,  however,  to  fly,  and  in  walking  its  progress  is  imcertain; 
hoe  IB  a  tendency  to  walk  zigzag  or  in  circles,  first  to  one  side,  then 
0  the  other.  If  hurried  or  excited  some  return  of  the  violent 
Bovements  of  the  head  and  inco-ordination  of  the  movements  of 
oeomotion  may  be  seen.  If,  instead  of  cutting  the  canals,  the 
mpullse  are  destroyed,  the  initial  effects  of  the  operation  seem 
0  be  less  violent,  owing  possibly  to  the  fact  that  in  the  former 
iiBe  the  irritative  effects  of  the  lesion  still  have  the  end  organs 
a  the  ampullae  to  act  upon.  Pigeons  with  all  six  ampullae 
IflBtroyed  may  make  eventually  an  excellent  recovery.  Within 
k  few  months  they  walk  and  perch  with  little  difficulty  when 
lot  frightened.  In  the  matter  of  flying  they  do  not  recover 
heir  former  skill,  but  this  may  be  due  to  lack  of  practice,  since 
A  the  experiments  quoted  (Rosencrantz)  no  provision  was 
Hade  for  exercise  in  flying.  The  very  marked  degree  of  recovery 
koted,  even  after  loss  of  all  six  ampullae,  seems  to  be  due  to  the 
let  that  the  animal  learns  to  use  his  other  sensory  data  in 
o-ordinating  his  muscles.  If  after  a  nearly  complete  degree  of 
eeovery  has  taken  place  a  new  operation  is  performed  in  which 
he  canals  are  cut,  the  resulting  disturbance  to  motion  is  relatively 
mall  and  soon  passes  off.  That  there  is  any  effect  at  all  from 
he  second  operation  may  be  due  to  the  emptying  of  the  endo- 
fmph  and  the  consequent  effect  upon  the  remaining  ampullae, 
r,  tf  these  had  all  been  previously  destroyed,  to  the  effect  upon 
he  sense  organs  of  the  vestibular  sacs. 

Effect  of  Direct  Stimulation  of  the  Canals. — The  membranous 
anals  or  their  ampullary  enlargements  have  been  stimulated 
Y  many  observers  and  by  many  different  methods — electrical, 
liemical,  and  mechanical.  The  results  of  electrical  stimulation 
»  not  constant  nor  striking,  but  chemical  and  especially 
leehanical  stimulation  in  the  hands  of  many  observers  has  called 
rth  definite  movements  of  head  or  eyes  similar  in  a  general 

^  Experiments  lasting  over  two  years  made  by  Dr.  £.  Rosencrantz. 
26 
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way  to  those  eatised  by  section  of  the  canal,  but 
course,  for  a  short  time  only.  In  the  dog-fish,  Lee*  finds 
pre^ssure  upon  an  ampulla  causes  movements  of  the  eya 
fins  such  as  would  oceur  n  cum  ally  if  the  animal's  body 
rotated  in  the  plane  of  the  canal  stimulated. 

Effect  of  Section  of  the  Ampullary  or  the  Acoustic  Nei 
Many  of  the  older  and  newer  ol (seners  have  eut  one  or  Ijoth 
acoustic  nerves  or  destroyed  the  entire  labyrinth  on  one  oi 
sides.  The  effects  described  vary  somewhat  with  the  animak 
but,  in  general,  section  of  the  nen^e  on  one  side  is  foUo\i? 
forced  movements,  especially  by  rolling  movements  aromi 
long  axis  of  the  body.  When  the  nerves  are  cut  on  hoih 
disturbances  in  the  power  to  maintain  equilibrium  perfect 
more  or  less  distinctly  marked.  In  fishes  (dog-fish)  the  aninu 
swim  or  come  to  rest  in  unusual  positions,^ — on  the  back  or  si 
instance. 

Is  the  Effect  of  Section  of  the  Canals  Due  to  Stimulati 
The  movements  that  residt  from  section  of  one  or  more  of  the 
have  been  attributed  by  some  authors  to  stimulations  set  up 
injury  caused  by  the  operation,  and  by  others  have  l>een  com 
as  a  result  of  the  falling  out  of  the  stimuli  nornially  and  com 
proceeding  from  the  canals.  This  fundamental  question  h 
been  decided.  On  the  one  hand,  the  movements  observ^ed  aii 
lar  to  those  caused  by  excitation,  which  would  inchcate  that  a 
lation  is  set  up  l\v  the  operation.  On  the  other  hand,  the  effe 
so  long  lasting  as  to  make  it  improbable  that  they  are  entirely 
the  irritation  of  the  operation.  Moreover,  Gaglio  f  states  tha 
the  spot  operated  upon  is  cocainized  the  same  effects  follow.  I 
cocainizing  the  membranous  canals  gives  the  same  results  as  t 
them.  It  is  possible,  of  course,  that  both  processes  take  pU 
irritative  stinudation  and  a  falling  out  of  normal  impulai 
effects  of  the  latter  lacing  longer  lasting. 

Theories  of  the  Functions  of  the  Semicircular  Canal 
indicated  briefly  above,  the  facts  regartling  injur>^  to  and  stimi 
of  the  semicircular  canals  are  very'  numerous  and,  on  the  whok 
concordant.  Their  interpretation,  however,  has  offered  gre 
ficulties,  and  many  views  have  been  proposed ;  almost  ever>' 
tigator,  in  fact,  has,  to  some  extent,  varied  in  his  interpreU 
the  precise  functional  significance  of  these  organs.!  Theai 
may  be  classified,  although  impjerfectly,  imder  the  following 

L  The  old  view,  first  proposed  by  Autenrieth  (1802),  tt 

•  L^p  "  Jouraal  of  PhysioloKv/'  15,  32^,  1903. 

t  Gaglio,  **  Archives  itiil  de  biologie,**  31,  377,  1899. 

t  For  a  detailed  itnd  complete  account  of  these  views  to  1?$92.  m 
"Die  Ldiren  von  den  Funktionen  der  eiaelnen  Theile  des  Obrlab]i 
Jena,  1894. 
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canals  or  their  sense  cells  are  stimulated  by  sound  waves  and  give 
u  the  means  of  determining  the  direction  of  sound  in  accordance 
irith  their  position  in  three  planes  at  right  angles  to  one  another. 
This  view  has  been  revived  from  time  to  time  by  recent  writers. 

2.  Flourens  himself  believed  that  the  impulses  normally  proceed- 
ing from  these  organs  serve  to  moderate,  or,  as  we  should  say  now, 
to  inhibit  the  movements  of  the  head.  As  soon  as  the  canals  are  cut 
the  movements  that  have  been  kept  under  control  by  their  influence 
ire  imrestrained.  On  this  view  the  semicircular  canals  are 
organs  which  reflexly  inhibit  or  restrain  the  voluntary  movements, 
and  thus  take  an  essential  part  in  the  proper  co-ordination  of  such 
movements.  He  did  not  attempt  to  define  the  physiology  of  the 
(»gaD8  in  terms  of  the  sensations  aroused. 

3.  The  view  that  the  stimulus  to  the  hair-cells  is  to  be  found  in 
the  vaiying  pressure  of  the  endolymph.  As  first  proposed  by  Goltz 
(1870),  it  was  assumed  that  the  endolymph  exerts  a  hydrostatic 
pressure  upon  the  hair  cells  which  in  any  given  position  varies  in  the 
different  ampullas  and  varies  with  different  positions  of  the  head. 
Ihe  sensory  impulses  thus  aroused  give  us  a  knowledge  of  the  posi- 
Ikm  of  the  head  and  enable  us,  therefore,  to  control  its  movements 
md  abo  those  of  the  body.  On  this  view  these  organs  act  as  sense 
DQans  in  maintaining  body  equilibrium  and  may  be  designated  as 
peripheral  sense  organs  of  equilibrium.  Later  observers  (Mach, 
heuer.  Brown,  et  al.)  modified  this  view  by  the  assumption  that  the 
bir  cdls  are  stimulated  not  so  much  by  the  hydrostatic  pressure  of 
ie  endolymph  as  by  the  pressure  changes  developed  during  move- 
nents  of  the  head,  making  the  organs,  therefore,  a  means  of 
9preciating  especially  the  movements  of  the  head,  a  dynamic 
Kttier  than  a  hydrostatic  organ  of  equilibrium.  It  was  assumed 
iutt  rotation  movements  of  the  head  in  the  plane  of  a  canal  set  up 
I  movement  or  pressure  of  the  endolymph  in  the  opposite  direc- 
tkm,  just  as,  to  use  a  rough  comparison,  when  one  twirls  a  pail  of 
Mterin  one  direction  the  water  lags  behind  and  exerts  a  pressure 
a  the  opposite  direction.  According  to  this  hypothesis,  which 
n  some  form  or  other  is  the  view  usually  taught,  the  hair  cells  in 
)aeh  ampulla  are  stimulated  chiefly  by  movements  in  the  plane  of 
ihat  canal  toward  the  ampulla,  the  pressure  of  the  endolymph  be- 
ng  in  the  opposite  direction, — that  is,  from  utriculus  toward  the 
•md.  Moreover,  the  vertical  canals  act  in  pairs  (see  Fig.  179),  the 
Dperioror  anterior  vertical  of  one  side  acting  with  the  posterior  or 
iferior  vertical  of  the  other  side,  the  two  canals  lying  in  parallel 
hnes.  Movements  in  this  plane  forward  would  stimulate  the 
aterior  ampulla  on  one  side  chiefly,  movements  in  the  same  plane 
lekward,  the  posterior  ampulla  of  the  opposite  side.  The  horizon- 
I  canals  also  act  together,  being  stimulated  chiefly  by  rotational 
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movements  in  the  horizontal  plane,  the  hair  cells  in  one  respcmdii 
chiefly  to  movements  in  one  direction,  the  other  to  movemenU  il 
the  same  plane,  but  in  the  opposite  direction.  RoUtii 
movements  in  other  planes^ — sagittal*  oblique,  etc.— wod 
affect  two  or  more  of  the  pairs  of  canals  in  proportion  loi 
degree  that  each  is  involved  in  the  movement  on  the  principle 
the  parallelogram  of  forces,*  By  a  mechanism  of  this  sort 
may  be  supposed  that  we  are  informed  regarding  the  plane* 
rection,  and  extent  of  the  movements  of  the  head  and  are  theret 
enabled  to  control  these  movements.  The  canals  function 
pecially  as  a  dynamic  organ  of  equilibrium,  but  may  also  give 
guiding  sensations  when  the  movements  are  progressive  rather  iN 
rotational,  and  also  when  the  head  is  at  rest,  although,  as  is 
plained  below,  this  last  function  is  by  some  relegated  to  the  ] 
cells  of  the  utriculus  and  saceulus*  According  to  this  view* 
loss  of  the  power  of  maintaining  exact  equilibrium  after  injuriei 
the  canals  or  section  of  the  nerves  may  lie  explained  by  sup] 
that  false  sensations  are  experienced  and  false  compensator)* 
ments  are  made.  So,  also,  the  vertigo  experienced  after  cootinn 
notation  may  be  attril>uteil  to  abnormal  stimulation  of  these 
organs, — a  view  that  finds  some  su]>port  in  the  fact  that  \ 
deaf-mutes,  whose  internal  ear  is  supposed  to  be  defieient,  do 
experience  vertigo  after  rotation,  and  in  animals  with  the  labyriii 
destroyed  rotational  moveiiieiits  fail  to  give  the  symptomd 
vertigo. 

4.  Ewidd,  while  accepting  the  general  view^  that  the  sense 
are  stimulateii  by  the  pressure  of  the  endolymph,  lays  stre^upl 
the  fact  that  the  nerve  impulses  thus  aroused  have,  as  their 
result,  a  reflex  effect  upon  the  tonicity  of  the  voluntary  museu 
ture.  The  constant  flow  of  impulses  from  these  organs  »enre« 
maintain  the  nmscles  in  a  normal  conciition  of  tone.  In  aiuml 
with  the  laliyrinth  destroyed  on  both  sides  the  body  musculati 
is  flabby  and  lacking  in  tonicity.  This  view  has  received 
erable  support  from  the  experiments  of  Magnus  and  Klijii 
These  authors  made  use  of  cats  thrown  into  the  condition  of 
gerateti  tonus,  known  as  decerebrate  riis^idity,  which  foUowB  up 
removal  of  the  cerebrum  (section  of  the  cerebral  peduncles)*  Wi 
the  animal  in  this  condition  they  showed  that  different  podtk 
of  the  hearl  in  space  caused  definite  changes  in  the  posture  of 
extremities,  and  they  demonstrated  that  these  changes  were 
to  labyrinthine  reflexes,  since  they  disappeared  upon  destnicti 
of  both  labyrinths. 

Summary.— With  reference  to  the  kind  of  sensation  mediat 
by  the  nerves  of  the  semicircular  canals,  it  sliould  be  borne  in 

*  Cooaiilt  Lee,  tt^^  t-ii^ 

t  Magnus  and  Klijn,  ''Pfliiger's  Archiv,"  1912.  145,  455. 
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that  these  sensations  are  not  distinctly  recognized  by  conscious- 
neffi,  hence  the  difficulty  of  designating  them  by  a  specific  name. 
The  sensations,  if  any,  aroused  through  the  semicircular  canals,  are 
too  bdistinct  to  be  recognized  and  named  by  an  appeal  to  con- 
sciousness, and  it  would  seem  to  be  wiser  to  designate  them  after 
the  analogy  of  the  muscle  sensations  simply  as  semicircular  canal  or 
hbyrinthine  sensations.  Our  perceptions  or  ideas  of  space  and  di- 
rection are  possibly  founded  in  part  upon  these  reactions  and  in 
part  upon  the  muscular,  visual,  and  tactile  sensations.  Our  rea- 
soning with  regard  to  the  semicircular  canal  sensations  would  be 
more  satisfactory  if  it  could  be  shown  that  the  vestibular  nerve, 
after  ending  in  the  pons,  was  continued  forward  by  sensory  paths  to 
Ihe  cortex  of  the  cerebrum.  As  a  matter  of  fact,  such  paths  have 
»t  been  demonstrated,  and  if  we  assume  that  conscious  sensations 
ire  mediated  only  through  the  cortex  of  the  cerebrum  we  have 
K)  anatomical  proof  that  the  semicircular  canals  give  us  any 
eaction  in  consciousness.  The  vestibular  nerve  fibers  end  in  the 
nicleus  of  Deiters  and  the  nucleus  of  Bechterew,  through  which 
cflex  connections  are  established  with  the  motor  centers  of  the 
pinal  and  possibly  the  cranial  nerves.  There  is  a  connection 
Jbo  with  the  nucleus  fastigii  of  the  cerebellum  and  through 
his  possibly  with  the  cerebellar  cortex,  although  this  latter 
onnection  has  not  been  actually  demonstrated.  With  regard 
0  the  infiuence  of  the  nerve  impulses  from  the  semicircular  canals 
pon  movements,  all  the  facts  knowTi  seem  to  indicate  that  they 
lay  an  important  part  in  the  regulation  or  co-ordination  of  the 
movements  of  equilibrium  and  locomotion.  Inasmuch  as  this  gen- 
ral  co-ordination  or  control  seems  to  rest  normally  in  the  nervous 
nechanisms  of  the  cerebellum  and  inasmuch  as  the  vestibular 
ttrves  probably  make  connections  with  the  cerebellum,  we  may 
SBume  that  the  cerebellum  forms  the  brain  center  through  which 
he  semicircular  canal  impulses  exert  their  influence  upon  co-ordin- 
4ed  muscular  contractions — the  cerebellum  forms  the  nerve  center 
or  the  semicircular  canals,  or  the  semicircular  canals  form  a  periph- 
nJ  sense  organ  to  the  cerebellum.  Some  such  hypothesis  seems  to 
«  necessary  to  account  for  the  general  similarity  between  the 
Beets  of  lesions  of  the  canals  and  of  the  cerebellum.  Whether  the 
Qpulses  from  the  canals  are  excitatory  or  inhibitory  or  both,  as 
pads  their  effect  upon  muscular  contractions,  is  not  clearly 
)parent  from  the  experimental  evidence  so  far  furnished,  but 
■raid's  suggestion  that  they  serve  to  maintain  reflexly  the  tonus 
the  body  musculature  is  perhaps  the  most  acceptable  view, 
Mcially  when  it  is  remembered  that  this  tonicity  may  vary 
an  adaptive  way  in  different  muscles  according  to  the  strength 
the  stimuli  coining  from  one  or  another  of  the  canals.  In 
ard  to  the  means  by  which  these  nerves  are  normally  stim- 
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ulated  there  is  also  much  room  for  conjecture,  but  pr 
at  leaist  it  seems  perraLssible  to  adopt  the  view  that  var 
in  the  pressure  of  the  endolymph  upon  the  hairs  of  the  hai 
especially  in  movements  of  rotation^  constitute  the  imn 
cause  of  their  excitation.  Granting  that  changes  In  posit 
mo\^enient  of  the  head  may  cause  such  variations  in  prem 
tlieory  offers  a  simple  and  satisfactory  explanation  of  thf 
of  excitatiun  and  the  means  by  which  the  excitation  ma 
appropriately  under  different  conditions.  While  the  endc 
theory  may  be  eriticixe<i  easily,  no  other  t^qually  satisfactory 
has  been  suggested  to  take  its  place. 

Functions  of  the  Utriculus  and  Saccultis. — These  sma 
contain  sensory  hair  cells  similar  in  general  structure  to  thoec 
in  the  crista?  of  the  ampuUary  sacs.  Each  collection  of  hai 
together  with  the  supporting  cells,  is  designated  as  a  macula 
of  these  is  found  in  th(^  ulrieulus^  the  macula  utriculi,  and  a 
in  the  saccuius,  the  macula  saeculi.  Lying  among  the  bain 
hair  cell  are  found  masses  of  small  crystals  of  calcium  carl 
the  otoliths  or  otoconia.  In  this  respect  the  structure 
macula  differs  strikingly  from  that  of  the  crista.  The  posit i 
connections  of  the  utricolus  and  sacculus  lead  at  first  natuJ 
the  supposition  that  they  are  stimulatpcl  by  the  sound  wavei 
perilymph,  and  are,  therefore,  concerned  in  the  function  of  fa 
The  accepted  views  regarding  thp  functions  of  the  cochlea  in  1 
make  this  organ  sufficient  for  all  auditory  purposes,  and  thei 
Bpecific  part,  of  this  process  that  need  be  attributed  to  thei? 
lar  sacs.  It  was,  indeed,  at  one  time  suggested  that  their  sti 
adapts  them  to  res|>ond  es])ecially  to  short  and  irregular  \ibi 
but  no  cogent  reasons  or  facts  have  been  advanced  to  suppi 
view.  The  fact  that  the  sacs  are  so  closely  connected  w 
semicircular  canals  suggests  rather  that  the  functions  of  these 
are  similar  and  that  like  the  canals,  therefore,  they  influei 
contractions  of  the  muscles  and  function  as  organs  of  equil 
In  recent  years  the  view  that  has  been  most  discusaed  is  tl 
vaneed  by  Breuer, — namely,  that  these  organs  give  us  infor 
regartling  the  position  of  the  head  when  at  rest  and  wbei 
ing  i>rogressive — that  is,  non-rotar\^ — ^^moveraents,  suppleni 
therefore,  the  functions  of  the  semicircular  canals  on  the  supj; 
that  these  latter  act  esj^ecially  in  movements  of  rotation.  0 
is  sometimes  expressed,  the  sacs  form  a  static  and  the  canal 
namic  organ  of  equilibrium.  According  to  this  \'iew,  the  i 
act  as  a  means  of  mechanical  stinmlation  of  the  hairs. 
heavier  than  the  endolymph,  they  press  uix>n  the  hairs  with 
var>'ing  with  the  pf>sitton  of  the  head  and  thus  give  rise  to  sen 
or  reflexes  which  are  adapted  to  the  maintenance  of  equil 
Since  the  planes  of  the  two  sacs  are  different,  they  may  b« 
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ently  affected  by  the  same  position  or  movement.  So  also  in  pro- 
jreasive  movements  forward  the  weight  of  the  otoHths  may  be  im- 
agined to  exercise  a  stress  of  some  sort  upon  the  hairs.  This  theory 
luB  been  the  subject  of  much  investigation,  numerous  experiments 
having  been  made  chiefly  upon  fishes  and  invertebrates.*  Accord- 
fag  to  some  observers  destruction  of  these  sacs  or  section  of  their 
nerves  is  accompanied  by  a  distinct  interference  with  the  fish's  nor- 
mal equilibrium:  the  animal  swims  at  times  upon  its  back  or  side 
ind  [^parently  loses  its  normal  means  of  judging  correctly  its  posi- 
tioiL  In  many  invertebrates  there  is  present  a  sac,  known  as  the 
otocyst,  containing  hair  cells  and  otoliths.  Its  structure  resembles 
that  of  the  vestibular  sacs  of  the  mammalian  ear,  and  it  has  been 
UBumed  that  it  has  a  similar  function.  Experiments  by  numerous 
nheervera  have  indicated  that  when  the  otoliths  are  removed  the 
lohnal  shows  disturbances  in  equilibrium,  particularly  in  the  matter 
]f  the  compensatory  movements  exhibited  during  rotation.  Others, 
Itowever,  deny  these  facts  and  state  that  invertebrates  without  oto- 
Tsts  make  compensatory  movements  when  rotated  and  that  in 
Ihose  with  otocysts  compensatory  movements  and  maintenance  of 
xirmal  equilibrium  persist  after  destruction  of  the  sacs.  A  very 
Bgenious  experiment  reported  by  Kreidl  seems  to  show  that  the  oto- 
iths  may  affect  the  hairs  by  their  weight.  When  the  palaemon,  a 
irastacean,  molts  it  casts  off  the  inner  lining  of  the  otocyst,  together 
liih  the  otoliths.  The  otocysts  in  these  animals  lie  at  the  base  of 
he  aatennules  and  open  freely  to  the  exterior.  After  molting  the 
iidmal  by  means  of  its  claws  places  fine  grains  of  sand  in  the  otocyst 
0  act  as  otoliths.  Taking  advantage  of  this  peculiarity,  Kreidl 
ilaoed  the  animal,  after  molting,  upon  finely  powdered  iron,  with 
he  result  that  some  of  the  iron  granules  were  deposited  in  the  oto- 
Jfrt  in  place  of  the  usual  grains  of  sand.  When  now  a  magnet  was 
iDught  near  to  the  animal  reactions  were  obtained  which  showed 
hat  the  pressure  of  the  iron  upon  the  hairs  influenced  its  position. 
fhe  position  taken  by  the  animal  under  these  conditions  was  such 
M  would  be  expected  as  a  resultant  of  the  forces  of  magnetism  and 
[Bivity,  and  the  experiment,  therefore,  justifies  the  hypothesis  that 
nider  normal  conditions  gravity  affects  the  otoliths  and  through 
tkem  the  muscular  co-ordination  of  the  animal .  These  experiments 
^ve  been  confirmed  by  Prentiss,  f  This  author  has  shown, 
noreover,  that  if  larval  lobsters  (4th  stage)  are  prevented  from 
obtaining  otoliths  after  moulting  by  placing  them  in  filtered  sea- 
'atcr,  their  movements,  like  those  of  larvae  deprived  of  their 
tecysts,  show  a  distinct  instabiUty  and  lack  of  normal  orientation. 

*  Consult  the  following  papers:  Sewall,  "Journal  of  Physiology,"  4,  339, 
t84;  Lee,  ibid.,  15,  311,  1893,  and  "American  Journal  of  Physiology,"  1, 
8,  1898;  Lyon,  "American  Journal  of  Psychology,"  3,  86,  1900. 

t  Prentiss,  "BuUetin  of  Museum  of  Comparative  Zoology,"  Harvard, 
OU  xxxvi..  No.  7. 


SECTION  IV. 
BLOOD  AND  LYMPH. 


CHAPTER  XXII. 


GENERAL  PROPERTIES^   PHYSIOLOGY  OF  THE 
CORPUSCLES. 

The  blood  of  the  body  is  contained  in  a  practically  cL 
of  tube^^  the  blood-vessels,  within  which  it  is  kept  circulai 
force  of  the  heart  beat.  It  is  usually  spoken  of  as  the  nu 
liquid  of  the  body,  but  its  functions  may  be  stated  more  explicitly, 
though  still  in  quite  general  terms,  by  saying  that  it  carries  to 
sues  foodstuffs  after  they  have  been  properly  prepared  by 
tive  organs;  that  it  transports  to  the  tissues  oxygen  abeoi 
the  air  in  the  lungs;  that  it  carries  off  from  the  tissues  various 
products  formed  in  the  processes  of  djsajssinulation ;  that  it  is 
medium  for  the  trjinsmission  of  the  internal  secretion  of 
glands;  and  that  it  aids  in  equalizing  the  temperature  and 
contents  of  the  body.  It  is  quit^  ob\ious,  from  these  sta^ 
that  a  complete  consideration  of  the  physiological  relations  of 
blood  would  involve  substantially  a  treatment  of  the  whole  sul 
of  physiolog>\  It  is  proposed,  therefore,  in  this  section  to 
blood  in  a  restricted  way,— to  consider  it,  in  fact,  as  a  tissue. 
and  to  study  its  composition  and  properties  without  special 
to  its  nutritive  relationship  to  other  parts  of  the  body, 

Histotogical  Structure. —The  blood  is  composed  of  a  liquid| 
the  plasma,  in  wluch  float  a  vast  number  of  microscopical  bodicSi 
blood  corpuscles.  There  are  at  least  three  different  kinds  of  i 
puscles,  known  respectively  ns  the  red  corpuscles  or  erythrocyi 
the  white  corpuscles  or  leucocytes,  of  which  io  turn  there  areaai 
ber  of  different  kinds ;  and  the  blood  plates.  Blood-plasma,  when 
tained  free  from  curpuscles,  is  perfectly  colorless  in  thin  layers-' 
example,  in  microscopical  preparations;  w^hen  seen  in  large  qui] 
ties  it  hiis  in  man  a  yellow  or  greenish  color,  although  in  some  (A 
animals  (dog,  cat)  it  is  as  clear  as  water.  The  red  color  of  blo<l 
not  due,  therefore,  to  coloration  of  the  blood-plasma,  but  is  c-atl 
by  the  mass  of  red  corpuscles  held  in  suspension  in  this  liqi 
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The  proportion  by  bulk  of  plasma  to  corpuscles  is  usually  giv«i, 

*^gtly,  as  two  to  one. 
Bloodrserum  and  Depbrinaied  Blood, — In  connection  with  the 

explanation  of  the  term  "blood-plasma  "  just  given  it  will  be  con- 

'^ent  to  define  briefly  the  terms  "  blood-serum  "  and  "  defibrin- 
Bted  blood."  Blood,  after  it  escapes  from  the  vessels,  usually  clots 
«r  coagulates;  the  nature  of  this  process  is  discussed  in  detail  on 
]Mge444.  The  clot,  as  it  forms,  gradually  shrinks  and  squeezes  out 
« clear  liquid  to  which  the  name  blood-serum  is  given.  Serum  re- 
sembles the  plasma  of  normal  blood  in  general  appearance,  but  dif- 
fers from  it  in  composition,  as  will  be  explained  later.  At  present 
wmay  say,  by  way  of  a  preliminary  definition,  that  blood-serum  is 
the  liquid  part  of  blood  after  coagulation  has  taken  place,  as  blood- 
dasma  is  the  liquid  part  of  blood  before  coagulation  has  taken  place, 
f  shed  blood  is  whipped  vigorously  with  a  rod  or  some  similar  object 
rhile  it  is  clotting,  the  essential  part  of  the  clot — ^namely,  the  fibrin 
-forais  differently  from  what  it  does  when  the  blood  is  allowed  to 
oagulate  quietly;  it  is  deposited  in  shreds  on  the  whipper.  Blood 
bat  has  been  treated  in  this  way  is  known  as  defibrinated  blood.  It 
imasts  of  blood-serum  plus  the  red  and  white  corpuscles,  and  as  far 
B aiq)earances  go  it  resembles  exactly  normal  blood;  it  has  lost, 
owever,  the  power  of  clotting.  A  more  complete  definition  of 
lese  terms  will  be  given  after  the  subject  of  coagulation  has  been 
sated. 

Reaction  of  the  Blood. — The  reaction  of  the  blood  seems  to 
iffer  according  to  the  indicator  used.  With  litmus  or  lakmoid 
aper  plasma  or  serum  gives  a  distinct  alkaline  reaction.  With 
henolphthalein,  on  the  contrary,  its  reaction  is  neutral.  On  ac- 
wmt  of  the  more  common  use  of  litmus  as  an  indicator,  the  belief 
bat  blood  and  lymph  are  normally  alkaline  has  long  existed  in 
hyaiology,  but  the  development  in  physical  chemistry  of  more 
ftdae  methods  of  measuring  acidity  and  alkalinity  has  resulted  in 
emonstrating  that  these  body-liquids  under  normal  conditions 
PB  approximately  neutral.  From  the  point  of  view  of  physical 
bemistry  a  solution  is  acid  or  alkaline  according  as  it  has  an 

4-  - 

ceees  of  hydrogen  ions  (H)  or  hydroxyl  ions  (OH).  Acids 
6  bodies  which  in  aqueous  solution  dissociate  more  or  less 
mpletely  with  the  production  of  hydrogen  ions,  for  example, 

3  dissociates  into  H  and  CI,  and  the  strength  of  the  acid  is 
3portional  to  its  degree  of  dissociation,  that  is,  to  the  number 
hydrogen  ions  set  free.  Bodies  which  act  as  alkalies,  on  the 
itrary,  are  those  which  upon  solution  set  free  an  excess  of 

4-  - 

Iroxyl  ions;  for  example,  NaOH  dissociates  into  Na  and  OH. 
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In  some  casea  the  hvdroxvl  ions  may  be  set  free  indirectly  1 

a  secondary   reaction.     Thus   Na^CO,  dissociates  into  N»,  1 

and  COa,  but  the  acid  ion  reacts  with  water,  H,  OH  to  i( 

HCO^  and  OH.  If  we  wish  to  know  whether  the  blood  or  Urn 
has  a  true  alkaline  reaction,  it  is  necessary  to  determine  in  thil 
the  proportion  of  hydrogen  and  hydroxyl  ions.  This  has  bd 
done,  with  the  result  that  they  are  found  to  exist  in  practieM 
equal  amounts,  as  in  the  ca^ie  of  pure  water,  and  we  mus^t  beliel 
therefore,  that  these  liquids,  which  constitute  the  intjeiS^ 
environment  of  the  living  cells^  have  neither  a  distinct  acidi 
alkaline  reaction.  When  we  examine  the  salts  of  the  blood  | 
find  that  in  addition  to  such  neuirai  salts  as  sodium  or  potassij 
chloride  there  is  present  also  a  considerable  anioimt  of  ^odii 
carbonate,  and  one  may  ask  why  this  latter  salt  does  not  fl 
to  the  blood  a  real  alkaline  reaction  in  accordance  withl 
behavior  in  aqueous  solutions.  The  answer  to  this  quem 
is  found  in  the  fact  that  the  liquids  of  the  body  are  expal 
continually  to  a  certain  pressure  of  carbon  dioxid  whirhj 
formed  steadily  in  the  tissues,  on  the  one  hand,  and  the  exij 
of  which  is  as  steadily  elinitnated  through  the  lungs,  on  | 
the  other  hand.  This  carbon  dioxitl  keeps  the  sodium  carbooj 
in  the  form  of  a  bicarbonate,  which,  so  far  as  it  is 


yields    no    hydroxyl  ions,   NaHCO^=Na.   HCO^,  and  tin 
gives  to  the  blood  no  actual  alkalinity.     When  plasma  orsei 
is  treated  with  litmus-paper  it  gives  an  alkaline  reaction,  off 
to  the  fact  thai  the  indicator,  litmus  acid,  is  a  sufficiently  stu 
acid  to  combine  with  the  base  (Na)  and  drive  it  out,  as  it  \ 
from  its  combination  with  carbonic  acicL     The  salt  of  sodium 
the  htmus  acid  then  dissociates,  and  the  blue  color  m  given  byi 
litmus  acid  anion.     Phenolphthalein,  being  a  weaker  acid»  dj 
not  displace  the  carbonic  acid.     If  a  relatively  strong  acid,  m<i^ 
acetic  or  tartaric,  is  added  to  the  blood,  it  will  unite  with  the  I 
(Na)  so  far  as  this  latter  exists  in  combination  with  weaker  ac 
that  is,  in  the  liquid  under  consideration  with  carbonic  or  pi 
phoric  acid  or  with  protein.     When,  therefore,  the  blood  is  titH 
with  a  standard  solution  of  tartaric  acid,  it  will  continue  to  gif 
blue  reaction  with  litmus-paper  until  all  the  bast^  present  in  d 
bination  as  carbonate  or  phosphate  has  been  united  with' 
stronger  acid.     The  amount  of  the  standard  acid  used  may  bei 
ployed,  therefore,  to  express  the  amount  of  base  present  in  i 
blood  in  combination  with  such  w^eak  acids  or  with  protein. 
chnical  and  experimental  purpose*^,  determinations  of  this  kind| 
often  made.     Formerly  the  method  was  supposed  to  determio^f 
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alkaUoity  of  the  blood  on  the  assumption  that  the  blue  reaction  of 
IHmus  is  a  true  indication  of  alkalinity.    While  the  process  throws 
BO  fight  on  the  actual  alkalinity  of  the  blood,  it  does  yield  a  valu- 
able indication  in  regard  to  what  may  be  called  its  potential  al- 
kaUnity;  that  is,  its  power  to  neutralize  acids  added  to  it  during  the 
processes  of  normal  or  pathological  metabolism,  or  under  experi- 
mental conditions.  The  blood  as  it  exists  in  the  body  contains  always 
•  certain  amount  of  NaHCOj,  Na2HP04,  and  also  some  sodium  in 
combination  with  protein,  which  from  this  standpoint  is  to  be  re- 
garded as  a  weak  acid.   It  has  been  shown  that  to  such  a  solution 
a  considerable  amount  of  acid  or  alkali  may  be  added  without 
altering  its  approximately  neutral  reaction.   It  is  believed  that  in 
the  same  way  the  practical  neutrality  of  the  blood  and  tissue  liquids 
of  the  body  is  saf  guarded.    Acid  substances  are  formed  constantly 
m  the  body  as  intermediary  or  end-products  of  metabolism  in  the 
tissues,  and  these  substances  would  alter  the  reaction  of  the  blood 
in  ibe  direction  of  acidity,  were  it  not  for  the  fact  that  they  are 
neutralized  by  the  alkaline  carbonates  and  phosphates.'*'    It  should 
be  added,  for  the  sake  of  completeness,  that  two  important  organs 
eo-operate  in  this  function  of  regulating  the  reaction  of  the  body- 
fiquids — namely,  the  lungs,  which  by  eliminating  the  excess  of  car- 
bon dioxid  prevent  the  accumulation  of  carbonic  acid,  and  the  kid- 
neys, which  remove  the  excess  of  acid,  as  acid  salts  or  organic  acids. 
^>e€ific  Gravity. — The  specific  gravity  of  human  blood  in  the 
idult  male  may  vary  from  1.041  to  1.067,  the  average  being  about 
liOSS.    The  most  satisfactory  method  of  determining  this  factor  is, 
of  course,  to  compare  the  weight  of  a  known  volume  of  blood  with 
liiat  of  an  equal  voliune  of  water,  but  for  observations  upon  human 
beings  such  small  quantities  of  blood  must  be  used  that  recourse  must 
be  had  usually  to  a  more  indirect  method.    Perhaps  the  simplest  of 
tte  methods  suggested  is  that  devised  by  Hammerschlag.f    In  this 
ftethod  a  mixture  is  made  of  chloroform  (sp.  gr.,  1.526)  and  benzol 
(fl).  gr.,  0.889).    The  mixture  is  made  in  such  proportions  as  to 
bave  a  specific  gravity  of  about  1.055.    A  drop  of  blood  from  the 
Sflger  is  shaken  into  this  mixture;  if  the  drop  sinks  to  the  bottom 
it  is  evident  that  the  specific  gravity  of  the  blood  is  higher  than  that 
rfthe  mixture,  and  the  reverse  is  true  if  the  drop  rises.    By  adding 
JItope  of  the  chloroform  or  of  the  benzol,  as  the  case  may  be,  the 
^ific  gravity  of  the  mixture  may  be  quickly  altered  so  as  to  be 
^ffaal  to  that  of  the  drop  of  blood,  which  will  then  float  in  the  liquid 
without  a  distinct  tendency  to  rise  or  fall.    The  specific  gravity  of 
be  mixtiure,  which  is  also  that  of  the  blood,  is  then  determined  by  a 
litable  hydrometer.  By  the  use  of  such  methods  it  has  been  f oundf 

•  See  Henderson,  ''American  Journal  of  Physiology,"  1908,  21,  427,  and 
kience,''  1913,  March  14. 
t  Hammerachlag,  "Zeitschrift  f .  kiln.  Med.,"  20,  444,  1892. 
t  See  Jones,  ''Journal  of  Physiology,"  12,  299,  1891. 
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that  the  bpecific  gravity  varios  with  age  and  with  sex;  ihatU 
diminished  after  eating  arul  is  increased  after  exercise;  that  ii 
diurnal  variation,  falling  gmdually  during  the  day  and 
during  the  night;  and  that  it  varies  greatly  in  individuals, 
a  specific  gravity  which  is  normal  for  one  may  be  a  sign  of  di 
in  another;    The  specific  gravity  of  the  corpuscles  is  slightly 
than  that  of  the  plasma.     For  this  reason  the  corpuscles  in 
blood,  when  its  coagulation  is  prevented  or  retarded,  tend  to 
to  the  bottom  of  the  containing  utensil,  leaving  a  more  or  less 
layer  of  supernatant  plasma.  Among  themselves,  also,  the  corpOM 
differ  slightly  in  specific  gravity,  the  red  corpuscles  being  heai 

Red  Corpuscles. — The  red  corpuscles  in  man  and  in  ail 
mammalia,  with  the  exception  of  the  camel  and  other  memljen 
the  group  Cameyda\  are  biconcave  circular  discs  or,  according 
some  authoi-s.  beil-shapcnl  eor^>useles  without  nuclei;  in  the  0 
ehdie  they  have  an  elliptical  form,  Their  average  diameter 
man  is  given  as  7.7  //  (1  n  -  0,001  mm.):  their  number,  nh 
is  usually  reckoned  as  so  many  in  a  cubic  millimeter,  varies  pivi 
under  different  conditions  of  health  and  disease.  The  aver 
number  is  ^ven  as  5.(XM),(JO0  per  cmni.  for  males  and  4,500,ilOO 
females.  The  red  color  of  the  coipuscles  is  due  to  the  presence  ff 
them  of  a  pigment  known  avS  ''hemoglobin/'  Owing  to  the  imnuie 
size  of  the  corpuscles,  their  color  when  seen  singly  under  the  micri^ 
scope  is  a  faint  yellowish  red,  but  when  seen  in  mass  they  exhiW, 
the  well-known  bIood-re<l  color,  which  varies  from  scarlet  in  art^riil 
blood  to  purplish  red  in  venous  blood,  this  variation  in  color  beiaj 
dej:>endent  upon  the  amount  of  oxygen  contained  in  the  blood  tt 
combination  with  the  hemoglobin,  S|>eaking  generally,  the  flm^ 
tion  of  the  red  corpuscles  is  to  carry  oxygen  from  the  lungs  to  ll* 
tissues.  This  function  is  entirely  dependent  upon  the  presence  rf 
hemoglobin,  which  has  the  power  of  combining  easily  with  oxyg* 
gas.  The  physiolog>^  of  the  red  corpuscles,  therefore,  is  lai^gely  wfir 
tained  in  a  description  of  the  properties  of  hemoglobin. 

CamlUion  of  ike  Hemoglobm  m  the  Corpuscle. — ^The  finer  stnictiflt, 
of  the  red  corpuscle  is  not  completely  known.  It  is  usually  «titi4 
that  the  corpuscle  is  comiwsefl  of  two  substances,  stroma  and  hrt^ 
oglobin,  together  with  a  certain  amount  of  water  and  sails  iwj 
also  a  certain  fxmount  of  lecithin  and  cholesterin.  The  stroma  Si*'] 
delicate,  extensible,  colorlass  suHistance  that  gives  shape  i«^  tit 
corpuscles;  it  forms  a  mesh  work  or  spong)^  mass  in  whi^'b  ^ 
hemoglobin  is  deposited.  This  latter  substance  forms  the  diii 
constituent  of  the  corpuscle,  since  it  makes  about  32  per  cent,  of  ll* 
weight  of  the  normal  corpuscle,  and  when  dry  from  90  to  % 
Cvent.  of  the  total  solid  material.  According  to  another  view 
corpuscles  are  \'esicles  with  an  external  envelope  or 
which  lef:ithin  and  cholesterin  are  found,  while  the  hi 
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lODtained  within.*  Whichever  view  may  be  correct,  great  interest 
ttaches  to  the  presence  of  the  lecithin  and  cholesterin,  whether 
lese  substances  are  found  in  an  external  membrane  or  in  a  stroma 
smeating  the  corpuscle.  According  to  Pascucci  the  lecithin  and 
olesterin  constitute  as  much  as  30  per  cent,  of  the  dry  weight  oi 
B  stroma,  that  is,  of  the  portion  of  the  corpuscle  left  after  re* 
)val  of  the  hemoglobin.  Such  a  large  proportion  of  these  two 
}6tances  is  not  found  elsewhere  in  the  body  except  in  the  myelin 
jatii  of  the  nerve  fibers.  It  is  believed  that  they  play  an  impor- 
it  r61e  in  maintaining  the  integrity  of  the  corpuscles  and 
rticularly  in  givmg  to  the  peripheral  layer  or  membrane  sur- 
mding  the  corpuscles  certain  characteristic  properties  of 
'meability.  Under  normal  conditions  this  external  layer 
jasily  permeable  to  water  and  to  certain  substances  in  solution, 
:h  as  urea,  alcohol,  and  ether,  but  it  is  said  to  be  impermeable 
the  neutral  salts;  the  concentration  of  sodium  chloride,  for 
unple,  is  much  greater  in  the  plasma  than  in  the  red  corpuscles. 
3  condition  in  which  the  hemoglobin  exists  within  the  cor- 
cle  is  not  fully  understood.  It  is  evidently  not  in  solution, 
»  the  amount  present  is  too  great  to  be  held  in  solution  in 

corpuscle,  and,  moreover,  even  a  thin  layer  of  corpuscles 
ar  from  being  transparent.  Nor  is  it  deposited  in  the  form 
rrystals.  It  is  assumed,  therefore,  that  it  is  present  in  an 
irphous  form.  In  various  ways,  however,  the  relations  of  the 
ioglobin  within  the  corpuscle  may  be  disturbed;  so  that  it 
^pes  and  enters  into  solution  in  the  plasma.      Blood  in  which 

has  happened  suffers  a  change  in  color,  becoming  a  dark 
ison,  and  is,  therefore,  known  as  "laked  blood."  Laked  blood 
liin  layers  is  quite  transparent  compared  with  the  normal 
k1  with  its  opaque  corpuscles. 

Semolysis. — ^The  act  of  discharging  the  hemoglobin  from  the 
Huscles  so  that  it  becomes  dissolved  in  the  plasma  is  designated 
emolysis,  and  substances  that  cause  this  action  are  spoken  of 
lemolytic  agents.  A  number  of  such  agents  are  known;  but, 
ough  the  results  of  their  action  are  the  same,  so  far  as  the  hemo- 
m  is  concerned,  the  way  in  which  they  bring  about  this  result 
it  vary  greatly.  Some  of  the  known  methods  of  producing 
lolysis,  or  rendering  the  blood  "laky,"  are  as  follows:  (1) 
the  addition  of  water  to  the  blood  or  by  diminishing  in  any  way 
concentration  or  osmotic  pressure  of  the  plasma.  (2)  By  add- 
ether  or  chloroform.  (3)  By  the  addition  of  soaps  or  of  the 
ler  fatty  acids,  especially  the  unsaturated  acids.  (4)  By 
ng  bile  or  solutions  of  the  bile-salts.  (5)  By  adding  amyl- 
boL     (6)   By  adding  the  serum  from  the  blood  of  certain 

For  recent  discussions  upon  the  histological  structure  of  the  corpuscles 
^eidenreich,  "Anatom.  Anzeiger,''  1905,  xxvii.,  and  SchiUing-Torgau, 
A  Haematologica,''  Pt  I,  1912,  14.  95. 
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animals.  (7)  By  acltling  saponin  or  sapotoxin.  (8)  B 
addition  of  an  excess  of  alkali.  (9)  By  various  toxins  foi 
snake  venom  or  in  the  serum  of  other  animals  or  among  thf 
nets  of  t>aeterial  activity  (natural  hemolysins),  or  by  simi 
ganic  substances  produced  within  the  body  by  the  proeess 
munizing.  Some  of  the^5e  hemolytic  agents,  such  as  ethe 
salts,  and  soaps,  probably  effect  their  action  by  their  pa 
uniting  with  the  lipoid  elements  (lecithin,  cholesterin) 
stroma  of  the  corpuscles.  The  framework  of  the  corpus 
thu.s  altered  so  that  the  hemop;lobin  is  set  free.  The  action 
hemolysins  and  of  agents  which  lower  the  osmotic  pressure 
plasma  demands  a  more  lietaiied  description,  as  processes  o 
practical  importance  are  involved  in  these  changes. 

Hemobj&is  Caused  by  Lowering  the  Osmotic  Pressure  of  the  f 
— ^The  blood  corpuscles  contain  a  certain  amount  of  water 
64  per  cent.),  an  amount  insufficient  to  discharge  the  hemo 
We  may  imagine  that  the  osmotic  pressure  within  the  corp« 
such,  compare<l  with  the  osmotic  pressure  exerted  by  the  i 
the  plasma,  that  a  water  equilibrium  is  established^  and 
although  water  molecules  diffuse  into  and  out  of  the  cor 
the  exchange  is  equal  in  the  two  directions.  If,  howevi 
outside  plasma  is  diluted  by  the  addition  of  water  to  any  co 
able  extent,  then  the  osmotic  pressure  outside  the  corpus 
corresponc^ngly  reduced,  while  that  within  the  corpua 
unchanged*  Sonsequently  an  increased  amount  of  wati 
pass  into  the  corpuscles,  sufficient,  in  fact,  to  "upture  tii 
puscles  and  thus  discharge  the  hemoglobin.  It  is  e^ 
therefore,  that  in  injecting  liquids  into  the  circulation 
diluting  blood  outside  the  body  care  must  be  taken  not 
solutions  whose  osmotic  pressure  is  markedly  less  than  t 
blood-plasmap  otherwise  many  of  the  red  corpuscles  m 
destroyed.  Solutions  whose  osmotic  pressure  is  the  a&; 
that  of  the  plasma  are  said  to  be  isosmotic  or  isotonic  wi 
blood,  those  whose  pressure  is  lower  are  designated  as  hype 
and  those  whose  pressure  is  higher  as  hypertonic. ♦  Th 
that  is  contained  in  the  plasma  in  largest  amounts  is  b 
chlorid.  In  mammalian  serum  it  exists  to  an  amount 
to  0.56  per  cent,  and  is  probably  responsible  for  the  | 
part  {60  per  cent.)  of  the  osmotic  pressure  shown  by  this  I 
In  making  isotonic  sokuious  this  salt  is,  therefore,  gcfl 
employed.  A  stdution  containing  nine-tenths  of  1  per  Cf 
sodium  chlorid  (NaCl,  0.9  per  cent.)  gives  the  same  ex 
pressure  as  plasma  as  determined  by  the  effect  of  each  i 
lowering  of  the  freezing-point  (see  Appendix,  Diffusion,  Oa 

♦  For  li  full  consideration  of  fjsniotic  pressure  m  i\s  reUtioKis  to 
lofncal  i»rore88e8,  see  Hamburger,  '•OBinotischer  Druck  iind  looel 
Wiesbaden,  1902. 
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md  Osmotic   Pressure).     Such   a   solution   mixed  with   blood 
ihould  not  and  does  not  alter  the  water  contents  of  the  corpuscles. 
(ke  may,  in  fact,  use  a  0.7  per  cent,  solution  of  sodium  chlorid 
without  causing  any  noticeable  hemolysis,  and  this  strength  of 
•olution  is  frequently  employed  in  infusions  and  experimental 
work;  it  constitutes  what  is  known  in  the  laboratories  as  nor- 
mal saline  or  physiological   saline.     If,   however,   one  uses   a 
lower  concentration,  some  of   the   corpuscles   are   hemolyzed, 
and  the  number  of  corpuscles  destroyed  and  the  rapidity  of 
the  hemolysis  increase  rapidly  with  the  lowering  of  the  osmotic 
piWBure.*    While  a  0.9  per  cent,   solution  of  sodium   chlorid 
loffices  in   most   cases   for   infusions    and   for   diluting  blood, 
n  does  not  entirely  replace  the  normal  plasma  or  serum,  since 
there  liquids,  in  addition  to  the  sodium  salts,  contain  salts  of 
nlduiny  potassium,  magnesium,  etc.,  each  of  which  has  doubtless 
Aeertain  specific  importance.    In  diluting  blood  outside  the  body, 
rttt  the  dilution  is  large,  better  results  are  obtained  by  using  what 
fc  known  as  Ringer's  mixture,  which  consists  of  the  physiological 
idne  solution  plus  small  amounts  of  potassium  and  calcium 
ihbikL    One  formula  for  Ringer's  solution  is: 

Sodium  chlorid 0.9     per  cent. 

Galdum  chlorid 0.026    "      " 

Potassium  chlorid 0.03     "      " 

Hemolysis  Caused  by  the  Action  of  Hemolysins. — It  has  long  been 
nown  that  the  serum  of  one  animal  may  destroy  the  red  corpuscles 

•  another  animal.  Thus,  rabbits'  blood  corpuscles  added  to  the 
ear  serum  of  a  dog,  cat,  or  man  are  quickly  destroyed,  with  the 
Ikoation  of  their  hemoglobin.  This  action  was  formerly  described 
)der  the  term  "globulicidal  action  of  serum,"  and  was  compared 
the  similar  destructive  O^actericidal)  action,  exhibited  by  serum 
Ward  some  bacteria.  In  more  recent  literature  the  term  hemol- 
is  has  replaced  that  of  "globulicidal  action,"  and  the  hemolytic 
feet  that  a  serum  may  exert  upon  foreign  corpuscles  is  attributed 

*  the  presence  in  it  of  certain  substances  which  in  general  are  classed 
I  hemolysins.  This  hemolytic  action  is  not  due  to  a  shnple  dififer- 
kee  in  osmotic  pressure.  The  serums  of  the  different  mammalia 
iVe  all  approximately  the  same  osmotic  pressure;  the  differences 
e  too  slight  to  explain  the  effects  observed.  Moreover,  if  the 
mm  used  is  heated  to  55^  C.  its  hemolytic  action  is  destroyed, 
though  no  noticeable  change  occiu's  in  the  osmotic  pressure.    In 

•  According  to  Brachmachari  ("Studies  in  Hemolyais,**  Calcutta,  1913) 
i  red  corpuscles  inhuman  blood  begin  to  hemolyze  in  ^  solutions  of  sodium 
Olid,  and  the  hemolysis  increases  rapidly  between  this  concentration  and  ^ 
atioiM.  Some  corpuscles,  however,  retain  hemoglobin  even  when  the  blood 
tihited  with  nine  tunes  its  volume  of  distilled  water. 
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addition  to  the  hemolysins  found  normally  in  the  blood  of  difiereiiM 
animals  it  was  shown  first  Ivv  Bordet  *  that  they  may  be  pn>d\ittd1 
artificially.  The  serum  of  guinea  pigs  has  little  or  no  effect  nonxttUfJ 
on  the  red  corpuscles  of  rabbits^  blood.  If.  however,  one  inj^ 
some  rabbits^  blood  Vieneath  the  skin  of  a  guinea-pig  and,  if  m 
sary.  repeats  the  proce^js  it  will  be  found  that  the  blood  of 
particular  guinea  pig  has  now  a  strong  Iiemolytic  action 
red  corpuscles  of  rabbits.  This  method  of  producing 
hemolysins  by  means  of  subcutaneous  or  intraperitoneal  injertiacs 
of  foreign  red  corpuscles  is  designated  as  a  process  of  immun 
and  the  serum  of  the  animal  in  which  a  specific  hemol^-sin  has  I 
thus  produced  h  frequently  called,  for  convenience,  an 
serum.  These  terms  are  emplo^Td  on  account  of  the 
similarity  of  the  processes  involved  to  those  underlying  the  dev 
opment  of  immunity  toward  special  diseases.  When  the  body  ill 
vadetl  by  pathogenic  bacteria  the  toxic  substances  produced  by  t 
organisms  stimidate  the  tissues  to  form  specific  antitoxins  wh 
are  capable  of  neutraUzing  the  action  of  the  bacterial  toxins. 
body  is  thus  rendered  immime  toward  special  bacteria,  and  that  l 
blood  of  the  immunized  animal  actually  contains  a  definite 
toxin  may  be  siiown  in  some  cases  by  the  fact  that  when  inp 
into  another  individual  the  latter  also  acquires  the  specific 
ity-  So  in  regard  to  the  hemolysins.  The  presence  of  the  fo 
red  corpuscles  causes  the  development  of  a  specific  antib 
capable  of  destroying  the  special  form  of  rcni  corpuscle  injc 
The  substance  m  the  red  corpuscles  which  stimulates  the  tissue  1 
form  an  antibody  is  designated  in  general,  according  to  the  no 
elature  of  the  day,  as  an  antigen.  Expc^riments  indicate  that  1 
antigen  in  the  red  corpuscle^s  is  not  the  hemoglobin^  but  rather  fl 
constituent  of  the  stroma.  This  interesting  reaction  may 
obtained  with  other  cells  than  the  red  corpuscles  and  bacteria. 
injecting  spermatozoa,  an  antibody  may  be  producetl  in  the  1 
which  destroys  this  particular  form  of  cell,  and  the  same  fact  1 
good  for  epithelial  cells,  etc.  Moreover,  solutions  of  foreign  protfiiHl 
injected  in  the  same  way  give  rise  to  the  formation  of  definite  Aat*- 
bodies  callable  of  coagulating  or  precipitating  the  special  pr» 
used.  In  this  last  case  the  antisubstance  is  designated  »*  < 
precipitin  on  account  of  its  precipitating  effect  on  the  solo 
of  protein  (see  Appendix,  p,  990).  This  wonderful  prot 
adaptation  of  the  body  toward  the  invasion  of  foreign 
or  proteins  is  at  bottom  douVitless  a  chemical  reaction  dep 
upon  the  properties  of  the  living  cells,  but  the  nature  of  the  l 
esses  involved  is  not  at  all  uiulerstood,  and  the  phenomenon  i 
therefore,  designated  provisionally  as  a  biological  reaction. 
specific  hemolysins  produced  by  immunization  have  been  t 
•  B4>rfJet.  '^Annalesde  I'lnst.  Pasteur."  1895. 
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by  Bordet,  Ehrlich,  and  others.*  It  has  been  shown  that  they 
are  in  reality  composed  of  two  substances  whose  combined  action 
is  necessary  for  the  hemolysis.  There  is,  first,  a  new  and  specific 
aubstance  that  is  produced  by  the  body  a3  a  consequence  of  the 
injection  of  the  foreign  blood  corpuscles.  This  substance  has  been 
given  dififerent  names,  but  is  known  most  frequently  (Ehrlich) 
as  the  immune  body  (or  amboceptor).  It  is  not  destroyed  by  mod- 
crate  heating.  The  immune  body  is  enabled  to  act  upon  the 
corpuscles  by  the  co-operation  of  certain  substances  which  are 
normally  present  in  the  serum  and  are  therefore  not  produced  by 
the  process  of  immunization.  These  substances  are  known  usually 
as  complements,  and  it  is  they  that  are  destroyed  by  heating  to 
55®  C.  K  the  immune  serum  of  a  guinea  pig  is  heated  to  55®  C. 
its  hemolytic  action  upon  rabbits'  corpuscles  is  destroyed.  The 
action  may  be  restored,  however,  by  adding  a  little  of  the  rabbit's 
own  serum,  since  in  terms  of  the  above  hypothesis  the  complements 
are  present  in  normal  serum.  That  is  to  say,  an  experiment  of 
the  following  kind  may  be  performed.  Washed  blood  corpuscles 
of  a  rabbit  plus  immune  serum  from  a  guinea  pig  show  hemolysis. 
Washed  blood  corpuscles  of  a  rabbit  plus  immune  serum  which  haa 
been  made  inactive  by  heating  show  no  hemolysis.  Addition  of 
oonnal  rabbits'  serum  to  this  latter  mixture  again  activates  the 
immune  serum  and  causes  hemolysis.  The  rabbits'  serum  in  this 
ease  supplies  the  needed  complement. 

These  facts,  it  should  be  stated,  are  interpreted  somewhat  differently 
vy  Bordet. t  The  immune  substance  he  designates  as  a  *' substance  sensibila-^ 
to"  and  the  complement  as  alexin.  The  latter  forms  the  protective  sub- 
tioce  of  the  blood,  but  is  unable  to  act  upon  the  foreign  cells  until  these 
jitter  have  been  changed  in  some  way,  that  is,  sensitized  by  the  specific 
iBmune  substance  develop>ed  during  the  process  of  immunizing. 

In  the  case  of  some  of  the  natural  hemolysins  referred  to 
above  it  has  also  been  shown  that  the  solution  of  the  corpuscles 
depends  upon  the  combined  action  of  two  substances.  This 
point  has  been  made  clear  particularly  in  regard  to  the  snake- 
poisons,  such  as  cobra  venom.  In  these  venoms  there  is  present 
a  substance  analogous  to  the  immune  body  or  amboceptor,  but 
in  order  for  it  to  afifect  the  red  corpuscles  it  must  be  activated 
by  a  complement  of  some  sort,  present  in  the  plasma  or  the  red 
corpuscle  itself.  KyesJ  has  given  some  interesting  facts  to 
Jrove  that  lecithin  is  an  eflfective  complement  for  these  venoms, 

*See  Wassermann,  "Immune  Sera,  Hemolysins,  Cytotoxins,  and  Pre- 
ipitiDs/'  translated  by  Bolduan,  New  York,  1904.  Ehrlich  "Collected 
tudies  on  Immunity,  translated  by  Bolduan,  New  York,  1906.  Simon, 
[nfection  and  Immunity,"  Philadelphia,  1912. 

t  Bordet,  "Studies  in  Immunity,"  translated  by  Gay,  New  York,  1909. 

t  Kyes,  "Berl.  klin.  Wochenschrift,"  1902  and  1903. 
27 
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and  that  probably  it  is  this  definite  substance  which  is  furnished 
by  the  blood  in  activating  the  venom  toxin. 

Speaking  in  general  terms,  the  seram  of  any  animal  is  more  i 
less  hemol3i:.ic  in  relation  to  the  blood-eorpiiscles  of  an  animal  < 
another  species;  but  great  differences  are  shown  in  this  respect! 
The  blood-serum  of  the  horse  shows  but  little  hemol>^ic  acti(Hi| 
upon  the  red  corpuscles  of  the  rabbit  when  compared  with 
effect  of  the  serum  of  the  dog  or  eat.     Eels'  serum  has  & 
markably   strong    hemolytic    action    upon    the   red    corpu 
of  most  mammals;  a  very  minute  quantity  of  this  serum  (0.( 
c.c.)   injected  into  the  veins  of  a  rabbit  \vill  cause   hemoh*?!^ 
of    the     corpuscles     and,     iis     a     consequence,     the     app 
ance  of  blootly   urine   (hemoglobinuria).     It   should   be  aildf* 
that  this  curious  toxic  or  lytic  effect  of  foreign  serums  is  no 
confined  to  the  red  corpuscles.     They  contain  cytotoxins  that  aff© 
also  other  tissue  elements,  especially  those  of  the  central  nen^ou 
system,  and  may  therefore  cause  death.     As  little  as  0.04  c.c. 
eels'  serum  injected  into  a  small  rabbit  will  cause  the  death  of  i 
animal^  the  fatal  effect  being  due  apparently  to  an  action  on 
vasomotor  and  respirator^'  centers  in  the  medulla.     Tlie  hemoly 
and  generally  toxic  effect  of  foreign  sera  hag  been  known  for  a  lo^ 
time.    It  %vas  chscovered  practically  in  the  numerous  attempts  madft] 
in  former  years  to  transfuse  the  blood  of  one  animal  into  the  veiM J 
of  another.    It  has  been  found  that  this  process  of  transfusioft  as  i 
means  of  combatting  severe  hemorrhage  is  dangerous  unless  thtl 
blood  is  taken  from  an  animal  of  the  same  or  a  nearly  rekted] 
species. 

Nature  and  Amount  of  Hemoglobin. — Hemoglobin  is  a  >*« 
complex  substance  belnngiiig  to  the  group  of  conjugated  prot 
Under  the  influence  of  heat,  acids,  alkalies,  etc.,  it  may  be  brobill 
up,  with  the  formation  of  a  simple  protein,  globin,  belonging  to  tliQj 
group  of  histons  (see  appendix)  and  a  pigment,  hematin*  Thsj 
globin  forms,  according  to  different  estimates,  from  86  to  94  per  cent  J 
of  the  molecule,  and  the  hematin  about  4  per  cent*  Other  sub-J 
stances  of  an  undetennined  character  result  from  thedecompositioiL* 
When  the  decomposition  takes  place  in  the  absence  of  oxygen,  thai 
products  formed  are  globin  and  hemochromogen,  instead  of  \ 
and  hematin.  Hemochromogen  in  the  presence  of  oxygen  quickly i 
undergoes  oxidation  to  the  more  stable  hematin.  Hoppe-SeylefJ 
has  shown  that  hemochromogen  possesses  the  chemical  groupiag] 
which  gives  to  hemoglobin  its  power  of  combining  readily  vnth  oxy^l 
gen  and  its  distinctive  absorption  spectrum.  On  the  basis  of  facHj 
such  as  these,  hemoglobin  may  be  defined  as  a  compound  of  a  pr 
body  with  hematin.  It  seems,  then,  tliat,  although  the  hemochr 
mogen  or  hematin  portion  is  the  essential  constituent,  givnng  to  t 

*  Sehulz,  "Zeitschrift  f.  physiologisrho  Cbemie,"  24;  also  Lauraw,  tM., 
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e  of  hemoglobin  its  valuable  physiological  properties  as  a 
ory  pigment,  yet  in  the  blood  corpuscles  this  substance  is 
rated  into  the  much  larger  and  more  unstable  molecule  of 
jbin,  whose  behavior  toward  oxygen  is  different  from  that 
bematin  itself,  the  difference  lying  mainly  in  the  fact  that 
QOglobin  as  it  exists  in  the  corpuscles  forms  with  oxygen  a 
ratively  feeble  combination  that  may  be  broken  up  readily 
t)eration  of  the  gas. 

QOglobin  is  widely  distributed  throughout  the  animal  king- 
«uig  found  in  the  blood  corpuscles  of  mammalia,  birds, 
,  amphibia,  and  fishes,  and  in  the  blood  or  blood  corpuscles 
y  of  the  invertebrates.  The  composition  of  its  molecule  is 
to  vary  somewhat  in  different  animals;  so  that,  strictly 
g,  there  are  probably  a  number  of  different  forms  of  hemo- 
-bH,  however,  closely  related  in  chemical  and  physiological 
ies.  Elementary  analysis  of  dogs'  hemoglobin  shows  the 
ig  percentage  composition  (Jaquet) :  0,53.91;  H,  6.62;  N, 
S,  0.542;  Fe,  0.333;  O,  22.62.  Its  molecular  formula  is 
8  GyjjHijosNiisSjFeOjig,  which  would  make  the  molec- 
sight  16,669.  Other  estimates  are  given  of  the  molecular 
,  but  they  agree  at  least  in  showing  that  the  molecule  is  of 
lis  size.  The  hematin  that  is  split  off  from  the  hemoglobin 
ment  whose  constitution  is  relatively  simple,  as  is  indicated 
percentage  formula,  Cj^Hg^N^FeOj  (Kiister).  It  contains 
16  iron  of  the  original  hemoglobin  molecule.  Gamgee  has 
ttention  to  two  facts  which  seem  to  indicate  that  the  globin 
natin  do  not  exist  as  such  in  the  hemoglobin  molecule. 
anatin  is  magnetic, — that  is,  is  attracted  by  a  magnet, — ^while 
ibin,  on  the  contrary,  is  diamagnetic.  Globin  alone  rotates 
le  of  polarized  light  to  the  left,  levorotatory,  while  hemo- 
lolutions  are  dextrorotatory.  The  exact  amount  of  hemo- 
n  human  blood  varies  naturally  with  the  individual  and  with 
b  conditions  of  life.    According  to  Preyer,*  the  average 

for  the  adult  male  is  14  grams  of  hemoglobin  to  each  100 
f  blood.  It  is  estimated  that  in  the  blood  of  a  man  weighing 
;rams  there  are  contained  about  500  to  700  grams  of  hem- 

which  is  distributed  among  some  25,000,000,000,000  of 
Ies,  giving  a  total  superficial  area  of  about  3200  square 
Practically  all  of  this  large  surface  of  hemoglobin  is 
e  for  the  absorption  of  oxygen  from  the  air  in  the  lungs, 
ag  to  the  great  number  and  the  minute  size  of  the  capil- 
he  blood,  in  passing  through  a  capillar^"  area,  becomes 
led  to  such  an  extent  that  the  red  corpuscles  stream 

the  capillaries,  one  may  say,  in  single  file.     In  circu- 
/hrough    the    lungs,   therefore,   each   corpuscle   becomes 
♦  "Die  Blutkrystalle,"  Jena,  1871. 
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exposed  more  or  less  coiin3lete!y  to  the  action  of  the  air*! 
the  utilization  of  the  entire  quantity  of  bemoglobm  mm 
nearly      perfect.     Instniroents      known      as      hemometersj 
hemoglohino  meters     have     been     devised     for     clinical 
in    determining   the    amount    of    hemoglobin    in    the  bl 
patients.     A  number  of  diiferent  forms  of  this  instrument 
use.     In  all  of  them,  however,  the  determination  is  made 
drop  or  two  of  blood,  such  as  can  be  obtained  without  di: 
by  pricking  the  skin.    The  amount  of  hemoglobin  in  the 
blood  is  determined  usually  by  a  colorimetric  method 
color,  which  is  due  to  the  hemoglobin,  is  compared  with  a  se^ 
standard  solutions  contjiining  known  amounts  of  hemoglofal 
with  a  wedge  of  colored  glass  whose  color  value  m  terms  of  | 
globin  has  been  determined  beforehand.     For  details  of  the  stii 
of  the  several  instruments  employed  and  the  precautions  to  I 
served  in  their  use  reference  must  be  made  to  the  laborator>'  ^ 
Compounds  with  Oxygen  and  Other  Gases. — HemoglobI 
the  property  of  uniting  with  oxygen  gas  in  certain  definite 
tions,  forming  a  true  chemical  compound.   This  comjK)und  is 
as  oxyhemoglobin ;  it  is  formeil  whenever  blood  or  hemoglobij 
tions  are  exposed  to  air  or  are  otherwise  brought  into  cont 
oxygen.     Acconling  to  a  determination  by  Hufner,  f  one 
hemoglobin  combines  with   L36  c,c.  of  oxygen.     These 
would  indicate  the  probability  that  each  molecule  of  hei 
unites  with  a  moleculp  of  oxygen,  since  1,36  c.c.  of  oxygen 
approximati4y  0.0019  +  gram,  and  the  ratio  of  1  gran)  of  hemoj 
to  0.0019  gram  of  oxygen  is  that  of  the  molerular  weight  of  1 
globin  to  the  molecular  weight  of  oxygen,  that  iB,   16669:1 
1:  0.0019.     It  should  be  stated  that  some  observers}  find  thl 
maximum  oxygen  capacity  of  the  blood  may  show  individual  1 
tions  within  narrow  limits,  and  that,  therefore,  what  we  de^ugn 
hemogiol/m  may  not  be  a  single  chemical  substance,  but  a  tai 
of  closely  related  compounds.     Oxyhemoglobin  is  not  a  \tr^ 
compound.      If  placed  in   an   atmosphere  containing  no  oi 
it  is  dissociated,  giving  off  free  oxygen  and  leaving  behind  I 
globin  or,  as  it  is  often  called  by  way  of  distinction,   **n 
hemoglobin.''     This   power  of  combining  with   oxygen  to  fa 
loose  chemical  compound,  which  in  turn  can  be  dissociated  1 
when  the  oxygen  pressure  is  lowered,  makes  possible  the  ful 
of  hemoglobin  in  the  lilood  as  the  carrier  of  oxygen  from  ihci 
to  the  tissues.     The  details  of  this  proce^  ai-e  described  M 
section  on  Respiration.     Hemoglobin  forms  with  carbon  infl( 
gas  (CO)  a  compound,  similar  to  oxyhemoglobin,  which  id  I 

•See  Sitnon,  "A  MjitiujiI  of  Cliniral  Diaicnoeis,"  Philadelphia. 

f'Archiv.  f.  Physioiogie,"  1.HU4,  p.  130, 

i  See  Bohr,  :n  Nagel's  *"  Handbuch  der  Physiologie,**  vol  i,  pt.  U ' 


GENERAL  PROPERTIES:  THE  CORPUSCLES.         421 

as  carbon  monoxid  hemoglobin.  In  this  compound  also  the  union 
takes  place  in  the  proportion  of  one  molecule  of  hemoglobin  to  one 
Dolecule  of  the  gas.  The  compound  formed  differs,  however, 
nwn  oxyhemoglobin  in  being  much  more  stable,  and  it  is  for  this 
»aoii  that  the  breathing  of  carbon  monoxid  gas  is  liable  to  prove 
tal.  The  CO  unites  with  the  hemoglobin,  forming  a  firm  com- 
wnd;  the  tissues  of  the  body  are  thereby  prevented  from  obtain- 
l  their  necessary  oxygen,  and  death  results  from  suffocation  or 
phyxia.  Carbon  monoxid  forms  one  of  the  constituents  of 
al-gas.  The  well-known  fatal  effect  of  breathing  coal-gas  for 
me  time,  as  in  the  case  of  individuals  sleeping  in  a  room  in  which 
B  is  escaping,  is  traceable  directly  to  the  carbon  monoxid.  Nitric 
id  (NO)  forms  also  with  hemoglobin  a  definite  compound  that 
even  more  stable  than  the  CO  hemoglobin;  if.  therefore,  this 
I  were  brought  into  contact  with  the  blood,  it  would  cause  death 
the  same  way  as  the  CO. 

[)xyhemoglobin,  carbon  monoxid  hemoglobin,  and  nitric  oxid 
noglobin  are  similar  compounds.  Each  is  formed,  apparently, 
a  definite  combination  of  the  gas  with  the  hematin  portion  of  the 
Doglobin  molecule,  and  a  given  weight  of  hemoglobin  unites 
sumably  with  an  equal  volume  of  each  gas.  In  marked  contrast 
these  facts,  Bohr*  has  shown  that  hemoglobin  forms  a  compound 
h  carbon  dioxid  gas,  carbohemoglobin,  in  which  the  quantitative 
itionship  of  the  gas  to  the  hemoglobin  differs  from  that  shown 
oxygep.  In  a  mixture  of  O  and  CO,  the  latter  gas  is  absorbed  by 
QOglobin  solutions  independently  of  the  oxygen,  so  that  a  solu- 
1  of  hemoglobin  nearly  saturated  with  oxygen  will  take  up  CO, 
/hough  it  held  no  oxygen  in  combination.  Bohr  suggests,  there- 
5,  that  the  O  and  the  CO,  must  unite  with  different  portions  of  the 
QOglobin — the  oxygen  with  the  pigment  portion  and  the  CO,  possi- 
with  the  protein  portion.  Although  the  amount  of  CO,  taken  up 
the  hemoglobin  is  not  influenced  by  the  amount  of  O  already  in 
abination,  the  reverse  relationship  does  not  hold  in  all  cases.  It  is 
nd  that  the  presence  of  the  CO,  loosens,  as  it  were,  the  combina- 
a  between  the  hemoglobin  and  the  oxygen  so  that  the  oxyhemo- 
bin  dissociates  more  readily  than  would  otherwise  be  the  case, 
is  is  observed  at  least  when  the  ox^'gen  is  under  a  low  pressure, 
h  as  occurs,  for  instance,  in  the  capillaries  of  the  tissues.  The 
Tortance  of  this  fact  in  regard  to  the  oxygen  supply  to  the  tissues 
eferred  to  more  explicitly  in  the  section  on  Respiration. 
Presence  of  Iron  in  the  Molecule. — It  is  probable  that  iron 
[uite  generally  present  in  the  animal  tissues  in  connection  with 
Jein  compounds,  but  its  existence  in  hemoglobin  is  noteworthy 
ause  it  has  long  been  known,  and  because  the  important  property 
ombining  with  oxygen  seems  to  be  connected  with  the  presence 
•  "Skandinavisches  Archiv  f.  Physiologie,"  3,  47,  1892,  and  16,  402, 1904. 
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of  this  element.  Aeeording  to  recent  analyses,  the 
iron  in  homoglobin  is  constant,  lying  t3f*tween  0.33  and 
cent.*  The  aoionnt  of  hemogtobiii  in  hkxid  may  be  de 
therefore,  by  making  a  quantitative  deterniiiiation  of 
The  amount  of  oxygen  with  which  heninglobin  wilt  com 
be  exprest?ecl  by  saying  that  one  molecule  of  oxygen  will  b 
each  atom  of  iron  in  the  hemoKloi>in  molecule  In  the  d 
tioo  of  hemoglobin  into  glol>in  and  hematin,  which  hasbl 
of  above,  the  iron  is  retained  in  the  hematin.  " 

Crystals* — Hemoglobin  may  be  obtained  readily  in  tl 
cr\'8tals  (Fig,  181).    As  usual!}'  prepared,  these  crj^stak 

oxyhemoglobin,  b 
been  shown  that 
hemoglobin  also  ci 
although  with  m 
culty.  Hemoglol 
the  blood  of  diff< 
mals  varies  to  i 
degree  in  respec 
power  of  cr>'st 
Frcjm  the  blood  o 
dog»  cat,  g:uinea 
horse,  crystab  ai 
obtained  t  w^hile  hi 
from  the  blood  of 
of  most  of  the  w 
crystallizes  much  I 
Methods  for  prep 
purifying  these  er 
be  found  in  works 
iological  chemistry 
tain  specimens  qi 
examination  undei 
croscope,  one  of 
certain  methods  t 
some  blood  from  o 
animals  whose  h< 
cr\^stallizes  easily, 
in  a  test-tube,  ad 
few  drojTS  of  ether,  shake  the  tube  thoroughly  until  the 
comes  laky, — that  is,  until  the  hemoglobin  is  discharged 
plasma,— and  then  place  the  tube  on  ice  until  the  cr; 
deposited.  Small  fx*rtions  of  the  cry'stalline  sediment  mi 
removed  to  a  glass  slide  for  examination.  According  to 
the  deposition  of  the  crystals  is  hastenetl  by  adding  ai 
•  Bullerfiehi,  "Zeit.  f.  phyaiol.  Chemie,"  62,  173,  1901 
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Fi«.  181.— CrystatliBed  h«noi|lofoin  Ciilt«r 
Frey)i  a.  h,  Cryiilafa  from  veiiniia  bloml  of  man; 
e,  fpom  toe  bkxxl  of  a  c«t ;  //,  from  tbe  blood  of 
a  euinea  pIr;  e.  from  the  bluotl  of  &  bamster; 
/,  from  the  blood  of  a  squirrel. 
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oxalate  to  the  blood  in  quantities  sufficient  to  make  from  1  to 
6  per  cent,  of  the  mixture.  Hemoglobin  from  different  animals 
vanes  not  only  as  to  the  ease  with  which  it  crystallizes,  but  in  some 
iaaes  also  as  to  the  form  that  the  crystals  take.  In  man  and  in  most 
rf  the  mammalia  hemoglobin  is  deposited  in  the  form  of  rhombic 
nisms;  in  the  guinea  pig  it  crystallizes  in  tetrahedra  (d,  Fig.  181), 
ind  in  the  squirrel  in  hexagonal  plates.  In  an  elaborate  and  care- 
ul  study  of  the  crystallographic  characters  of  hemoglobin  from  a 
M]ge  number  of  animals  Reichert  and  Brown*  have  shown  that 
lifferences  exist  between  the  crystals  of  various  species  of  such  a 
luiracter  that  they  may  be  used  to  determine  whether  or  not 
Jiimals  belong  to  the  same  genus.  This  difference  in  crystal- 
ine  form  implies  some  difference  in  molecular  structure,  and  taken 
Dgether  with  other  known  variations  in  property  shown  by  hemo- 
Jobmfrom  different  animals  leads  us  to  believe  that  the  huge  mole- 
rule  has  a  labile  structure,  and  that  it  may  differ  somewhat  in  its 
nolecular  composition  or  atomic  arrangement  without  losing  its 
)by8iological  property  of  an  oxygen-carrier.  In  this  connection 
t  is  interesting  to  state  that  the  hemoglobin  of  horses'  blood,  which 
Jrystallizes  ordinarily  in  large  rhombic  prisms,  may  be  made  to  give 
lexagonal  crystals  by  allowing  it  to  undergo  putrefaction,  and  that 
h  form  of  the  crystals  may  then  be  changed  from  hexagons  to 
iombs  by  varying  the  temperature  of  the  solutions,  t  The  crystals 
ue  readily  soluble  in  water,  and  by  repeated  crj^stallization  the 
hemoglobin  may  be  obtained  perfectly  pure.  As  in  the  case  of 
>ther  soluble  protein-like  bodies,  solutions  of  hemoglobin  are 
)pecipitated  by  alcohol,  by  mineral  acids,  by  salts  of  the  heavy 
ttetals,  by  boiling,  etc.  Notwithstanding  the  fact  that  hemoglobin 
lystallizes  so  readily,  it  is  not  easily  dialyzable,  behaving  in  this 
eq)ect  like  non-crystallizable  colloidal  bodies.  The  compounds 
rtiich  hemoglobin  forms  with  carbon  monoxid  (CO)  and  nitric  oxid 
NO)  are  also  crystallizable,  the  crystals  being  isomorphous  with 
hose  of  oxyhemoglobin. 

Absorption  Spectra. — Solutions  of  hemoglobin  and  its  deriv- 
tive  compounds,  when  examined  with  a  spectroscope,  give 
istmctive  absorption  bands. 

light,  when  made  to  pass  through  a  glass  prism,  is  broken  up  into  its 
nstituent  rays,  giving  the  play  of  rainbow  colors  known  as  the  spectrum. 
flpectrosoope  is  an  apparatus  for  producing  and  observing  a  spectrum.  A 
vxpfe  form,  which  illustrates  sufficiently  well  the  construction  ot  the  appara- 
1,18  shown  in  Fig.  182,  P  being  the  glass  prism  giving  the  spectrum.  Lieht 
Qb  upon  this  prism  through  the  tube  (A)  to  the  left,  known  as  the  "colli- 
lior  tube."  A  slit  at  the  end  of  this  tube  (S)  admits  a  narrow  slice  of  light — 
npligfat  or  sunlight — which  then,  by  means  of  a  convex  lens  at  the  other 
i  of  the  tube,  is  made  to  fall  upon  the  prism  (P)  with  its  rays  parallel.     In 

•  Reichert  and  Brown,  "  The  Crystallography  of  Hemoglobins,"  Carnegie 
titution  of  Washington,  No.  116,  1909. 
t  Uhlik,  "Archiv  f.  d.  gesammte  Physiologic,"  104,  64,  1904. 
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passing  througli  the  prism  the  rays  an^  disiperi^ed  by  imemial  refraction,  pvifij 
a  spectnirn.  The  spectnira  thus  produced  is  examined  by  the  ohsen^er  n^ 
the  aid  of  the  telestviji*'  (B).  When  the  teieswpe  is  pron;erly  focused  lot  UK 
ravB  entering  it  from  the  prism  (F),  a  clear  picture  of  tlie  spectrum  »  *«»r 
Tlie  lenj^th  of  the  fipectrum  will  depend  upon  the  nature  and  the  numi)ff  « 
the  prisms  thrnugh  which  the  light  is  mjide  to  pass.  Forordinar>'  purwiw* 
Bhort  finectrum  is  p referable  for  hemoglobin  bandi*,  and  a  spectniscope  ^thow 
prism  IS  generally  used.     If  the  wmrce  of  light  is  a  lamp  flame  of  some  kiiki 


/ 


F]«.  162. — SpMtnxscope :  P.  The  glads  priaiii :  A^  tht  ooUimnior  tube»  aliowinK  tbt  ilii»4 
Ihroygb  which  the  lisht  is  miudiVed;   B,  the  tekeoope  for  obtwrving  tb*  i|wtrai> 

the  spectrum  is  contiBUous,  the  colors  gradually  merging  one  into  inotiii 
from  red  to  violet.  If  sunlight  is  use^i,  the  «|:)eetrum  will  be  croeetdby* 
number  of  narrow  daik  hues  koown  as  the  ^'  Fraunhofex  lines."  The  poaW 
of  the^je  lines  in  the  solar  spectrum  is  fixed,  and  the  more  distinct  onei  i<* 
designated  by  letters  of  the  alphabet »  A,  BfC,  D,  E,  etc,  as  shown  in  thechtftt 
below.  If  while  using  solar  li^ht  or  an  artificial  Ught  a  solution  of  «nf  9^ 
Dtanee  which  gives  al:^rption  oands  is  so  placed  in  front  of  the  ^t  tkit  tli 
li^ht  is  obliged  to  traverse  it,  the  spectrum  as  observed  through  the  lekwop 
will  show  one  or  more  narrow  or  broad  black  bands  that  are  charMteniK)^ 
of  the  substance  used  and  constitute  it«  absorption  i*i>ectrum.  The  poaitiD^ 
of  these  band;*  may  be  designated  by  describing  their  reflations  to  the  F^**! 
hofer  lines,  or  more  directly  by  stating  the  wave  lengths  of  the  portloniv 
the  spectrum  l>elween  which  absorption  takes  place.  8ome  spectrDSOOpH  ^^ 
provided  with  a  scale  of  wave  lengths  superposed  on  the  spectrum^  and  lArt  ^ 
pruiwrly  adjusted  this  scale  enables  one  to  read  off  directly  the  wave  leoglil 
of  wiy  part  of  the  spectrum. 

Wlien  vev}'  dilute  solutions  of  oxyhemoglobin  are  examined  witii 
the  spectroscope,  two  absorption  bands  appear,  both  occurriDg  © 
the  |X)rtion  of  the  spectrum  included  between  the  Fmunhoferliwi 
D  and  E,  The  band  nearer  the  red  end  of  the  spcctnim  is  ] 
as  the  *'«-band'^;  it  is  narmwer,  darker,  and  more  cleariv  At 
than  the  other,  the  ".^-band'^  (Fir.  183).  The  v^ndth  and' 
Hess  of  the  bands  vary  naturally  with  the  concentration  of  the  i 
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Fig,  184)  or,  if  the  t'onceiitration  remains  the  same, 
I  width  of  the  stratum  of  liquid  throug;h  which  the  light 

With  a  rertain  minimal  percentage  of  oxyhemoglobin 
tn  0.01  per  cent.)  the  ^^-band  is  lost  and  the  €t-band  is  very 
layers  1  centimeter  thick.  Witli  stronger  solutions  the 
Bcome  darker  and  wider  and  finally  fuse,  while  some  of  the 
red  end  and  a  great  deal  of  the  violet  end  of  the  spectrum 

absorbed.  The  %'ariations  in  the  absorption  spectrum, 
erences  in  concentration,  are  clearly  shown  in  the  accom- 

illustration  from  KoUett*  (Fig.  184);  the  thickness  of  the 

hqiiid  b  supposed  to  be  one  centimeter.  The  numljers 
ght  indicate  the  percentage  strength  of  the  oxyhemogloljin 
It  will   be  noticed   that  the   absorption   which   takes 
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— Table i>f  iihsoTpti on  spectra  {ZiemJctan^  \fQlUT)i  1,  Absorption  spectruni 
flobiii,  dilute  fiilution;  2,  absiorption  spectrum  of  reduped  hem<jgltjbm;  3,  ab- 
jKrlfutu  of  metliumugiobii],  neytral  e  Jutiorj;  4,  abHorptuiji  s«ii>cc:trum  of  inet- 
,  itlkaline  ea^lutipn  ;  5.  absorption  spcctrtim  of  beiuatiiu  acid  Holutitia ;  6,  ab* 
ictrujQ  of  beoiatin,  aika.1ine  AoluitioJi. 


the  concentration  of  the  Bohition  increases  affects  the 

end  of  the  spectrmn  la.st  of  alh 
•  Hermann's  *'Handhuch  der  Ph^^siobgie/'  vol.  iv*,  1880. 
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Solutions  of  reiLucetl  hemoglobin  examined  with  the  s] 

show  only  one  absorption  band,  known  sometimes  as  th< 

This  band  lie^  also  in  tlie  portion  of  the  spectrum  includ 

the  lines  D  and  E\  its  relations  to  these  Unes  and  t^ 

oxyhemoglobin  are  shown  in  Fig.  183.    The  j^-band  is 

diffuse  than  the  oxyhemoglobin  bands,  and  its  limiH 

especially  in  weak  so  kit  ions »  are  not  well  defined.    Thi 

distinctness  of  this  band  vary  also  with  the  concent n 

solution.    This  variation  is  sufficiently  well  shown  in 

panying  illustration  (Fig,  185),  which  Is  a  companion  f 

one  given  for  oxyhemoglobin  (Fig.  184).     It  will  be  r 
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spectroscope.     Any  given  solution  may  be  changed  in  tl 

oxyhemoglobin  to  hemoglobin,  and  the  reverse,  a  great 

*  Stokes's  rea^nt  is  an  aminoniacal  Fsoliuion  of  a  ferrous  saJ 
by  dissf>lving  2  partn  (by  wei|;ht)  of  ferrous  siilphat-e.  adding  3 
taric  acid,  and  then  ammonia  to  distinct  alkaline  reactioa. 
precipitate  should  not  be  obtained. 
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Fi|;.  184. — Diagiaxii  to  nhow  Ihe  VftrintJotiA  in  the 
ftbsoniition  ftfiffctrum  af  oxybBmoglobin  with  varyinji 
ccjfj cent  rations  of  the  eolutiotiv^ — (After  RoHeJtt.)  The 
numbers  to  the  ri|?ht  give  the  strength  of  ihe  ox:y- 
hi^a]<]g]obiD  !!o1uth>fi  iiii  perceniai!;e.B;  th«  letters  ^ive 
the  poaitiotia  of  the  Fraurihofcr  lines.  To  ksoertain 
the  amount  of  abfiorption  for  any  itivcu  4roncf»ntnitL(»i 
up  to  1  (jer  cent,,  (Imw  R  hohiontal  line  &cro«0  the 
duiKrain  At  the  level  eorresimndinir  tu  the  conoentra* 
tion«  Where  this  Une  ^mem»  throucb  the  tihuled  pnrt 
of  Uie  dia^sram  abfarpuon  trnkoa  plAce^  aod  the  width 
ol  the  aboorptioD  bandu  l»  men  at  once*  Tbe  diagnun 
abowa  olearl^  that  the  aoiouDt  of  ab^orptiion  iDoreaM» 
aa  tliA  Boluttonji  become  more  coni:«ntnit&d,  especinlly 
the  absorption  of  the  blue  end  of  the  epeetrum.  It 
will  be  nnlifsed  that  with  concent  rat  iona  between  0.6 
i&nd  0.7  per  cent,  the  two  bafids  between  D  and  E  fuse 
mx^  one. 
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thus  demonstrating  the  facility  with  which  hemoglobin  takes 
1  surrenders  oxygen. 

utions  of  carbon  monoxid  hemoglobin  also  give  a  spec- 
with  two  absorption  bands  closely  resembling  in  posi- 
nd  appearance  those  of  oxyhemoglobin.  They  are  dis- 
hed from  the 
Qoglobin  bands 
dng  slightly 
the  blue  end 
I  spectrum,  as 
e  demonstrated 
srving  the  wave 
\  or,  more  con- 
tly,  by  super- 
the  two  spectra, 
rer,  solutions  of 
monoxid  hem- 
i  are  not  re- 
to  hemoglobin 
iding  Stokes's 
two  bands  be- 
1  seen  after  such 
ent.  A  solu- 
:  carbon  mon- 
emoglobin  suit- 
er spectroscopic 
lation  may  be 
3d  easily  by 
5  ordinary  coal- 
rough  a  dilute  oxyhemoglobin  solution  for  a  few  minutes 
en  filtering. 

ivative  Compounds  of  Hemoglobin. — ^There  are  a  number 
aentary  bodies  which  are  formed  directly  from  hemoglobin 
ompositions  or  chemical  reactions  of  various  kinds.  Some 
e  derivative  substances  occur  normally  in  the  body.  The 
lown  are  as  follows*: 

^hemoglobin. — ^When  blood  or  a  solution  of  oxyhemoglobin 
red  to  stand  for  a  long  time  exposed  to  the  air  it  undergoes 
^  in  color,  taking  on  a  brownish  tint.  This  change  is  due  to 
[nation  of  methemoglobin,  and  it  is  said  that  to  some  extent 
nsition  occurs  very  soon  after  the  blood  is  exposed  to  the  air, 
&t,  therefore,  determinations  of  the  quantity  of  hemoglobin 
ordinary  colorimetric  methods  should  be  made  promptly  to 

r  more  detailed  information  concerning  the  chemistry  and  literature 
oompoimds,  see  Hammarsten^  'Thysiolo^cal  Chemistry,"  translated 
id;  Abderhalden,  *Thysiologische  Chemie." 


aBC      D  Eb 

Fig.  185. — Diagram  to  show  the  variations  in  the  ah- 
ption  spectrum  of  reduced  hemoglobin  with  vm^- 
._„  concentrations  of  the  solution  (after  RoUetC),    The 
numbers  to  the  right  give  the  strength  of  the  hemo- 


globin  solution  in  percentages;  the  letters  give  the  posi- 
tions of  the  Fraunhofer  lines.  For  further  directions 
as  to  the  use  of  the  diagram,  see  the  description  of  Fig. 
184. 
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avoid  a  dHprioration  in  <^olor  value.  Met  hemoglobin 
obtained  rapidly  by  the  aetion  of  various  reagents  on  the 
Bome  of  them  oxidising  substances,  such  as  permanganate  of 
or  ferricyamd  of  potash,  some  of  them  reducing  substan* 
deed,  it  is  known  that  the  change  may  occur  within  tiie  blocni' 
by  the  action  of  such  bodies  as  the  nitrites,  antifebrin, 
etc.  According  to  most  observers,  methemoglobin  com 
same  amount  of  oxygen  as  hemoglobin;  it  is  combined  diffe] 
however,  forniing  a  more  stable  compound,  which  can  not  be 
sociated  by  the  action  of  a  vacuum.  On  this  account^  theref< 
methemoglobin  is  not  capable  of  acting  as  a  respirator\' 
and  to  the  extent  that  it  is  formed  in  the  blood  this  tissue  sufli 
loss  of  its  functional  value  as  a  carrier  of  oxygen.  By  the  stro] 
action  of  reducing  solutions— such  as  ammonium  sulpbi< 
oxygen  may  be  removed  from  the  methenioglobin  and 
hemoglobin  be  obtained,  Methemoglobin  cr>'8tallize8  in 
and  its  solutions  give  an  abscjrption  spectrum  which  varies 
conling  as  the  solution  is  neutral  or  has  an  alkaline  reactioiL 
neutral  solutions  the  characteristic  band  is  one  in  the  orange^ 
indicated  in  Fig.  183.  In  alkaline  sohition  the  absorption  specl 
has  three  bands,  two  of  which  are  neariy  identical  ^ith  those 
oxyhemoglobin. 

Hematin  (Cs^Hj^N^FeOJ  is  obtained  when  hemoglobin  is  , 
composed  b>'  the  action  of  acids  or  alkalies  in  the  presence  or  ox>W 
It  may  occur  in  the  feces  if  the  diet  contains  hemoglobin  or  hematll 
or  in  case  of  hemorrhage  in  the  stomach  or  small  intestine, 
both  the  pancreatic  and  the  gastric  secretion  break  up  hei 
with  the  formation  of  hematin.     It  is  an  amorphous  substance, 
dark-brown  color,  easily  solml^le  in  alkalies  or  in  acid  alcoholic  ffk 
tions.    These  solutions  give  a  characteristic  absorption  apectnl 
which  is  represented  in  Fig.  183. 

Hemin  (C^^H^^O^N  J^>C1)  is  regarded  as  the  hydrochlorir 
ester  of  hematin  anrl  is  obtained  by  the  action  of  HCI  upon  blotf 
previously  treated  wi  th  alcohol.  The  compound  is  obtained  io  tir 
fonn  of  cr>'stals,  which  under  the  microscope  appear  usually 
small,  rhomliic  plates  of  a  dark-brown  color.  The.se  cr>*statfl  B 
be  obtained  from  small  r|uantitios  of  blooi  st-ains,  etc  no  roiW 
how  old,  and  they  have  l>een  relied  upon,  therefore,  as  a  sur? 
easy  test  for  the  existence  of  blood, — that  is,  hemoglobin* 
test  is  one  that  has  been  much  used  in  medicolegal  caaes,  and 
be  carried  out  as  follows:  A  bit  of  dried  blood  is  powdered  wHll 
few  crystals  of  NaCh  Some  of  the  pow^^er  is  placed  upon  I  (^ 
slide  and  covered  i^dth  a  cover-slip.  By  means  of  a  pipette  i^ 
or  two  of  glacial  acetic  acid  is  mn  under  the  slip,  and  then  by  di« 
ing  the  slide  repeatedly  through  a  flame  the  acid  is  evaporated 
dryness^  taking  care  not  to  heat  the  acid  so  high  as  to  cause  i( 
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boil.  After  the  evaporation  of  the  acid  water  is  run  under  the  slip 
and  the  specimen  is  ready  for  examination  with  the  microscope. 
Henwchramogen  (Cj^Hj^N^FeOg  ?)  is  obtained  when  hemoglobin 
is  decomposed  by  acids  or  alkalies  in  the  absence  of  free  oxygen.  By 
oxidation  it  is  converted  to  hematin.  Hemochromogen  is  crystal- 
line, and  gives  a  characteristic  absorption  spectrum. 

Hematoporphyrin  (C^^H  jjN^Oe)  differs  from  the  preceding  deriv- 
atives of  hemoglobin  in  that  it  contains  no  iron.  It  may  be  ob- 
tained from  hematin  by  the  action  of  strong  acids,  and  is  of  much 
physiological  interest  because  of  its  relationship  to  the  bile  pigments, 
which,  like  it,  are  iron-free  derivatives  of  the  hemoglobin.  In  old 
hlood-clots  or  extravasations  it  has  long  been  known  that  a  colored 
oystalline  product  may  be  formed.  This  product  was  designated 
as  hematoidin  by  Virchow  and  later  was  stated,  on  the  one  hand,  to 
be  identical  with  the  bile  pigment,  bilirubin,  and,  on  the  other  hand, 
to  be  isomeric  with  hematoporphyrin.  Later  observers  have 
jHepared  from  hematoporphyrin  by  careful  reduction  a  substance 
designated  as  mesoporphyrin.  It  contains  one  less  oxygen  atom 
than  the  hematoporphyrin,  and  is  claimed  to  be  identical  with 
hematoidin.  Another  fact  of  great  general  interest  is  that  from 
plant  chlorophyl  there  may  be  prepared  a  compound,  phylloporphy- 
rin,  very  similar  to  the  mesoporphyrin.  It  would  appear  from  this 
relationship  that  the  red  coloring  matter  of  the  blood  and  the 
green  coloring  matter  of  plants  are  compounds  that  have  some 
similarity  in  chemical  structure. 

Histohematins. — ^This  name  is  a  general  term  that  has  been  given 
to  the  coloring  matter  found  in  the  tissues,  so  far  as  it  has  the 
property  of  taking  up  ox>'gen.  The  red  coloring  matter  in  some 
fiiuscles  is  an  example  of  such  a  compound  and  has  been  designated 
^ifically  as  myohematin.  According  to  most  observers,  myo- 
kematin  is  identical  with  hemoglobin, — that  is,  the  muscle  substance 
Contains  some  hemoglobin, — and  we  may  suppose  that  its  presence 
in  the  tissue  furnishes  a  further  means  for  the  transportation  of 
oiygen  to  the  muscle  protoplasm. 

Bile  Pigments  and  Urinary  Pigments. — ^These  pigments  are 
*ferred  to  in  the  description  of  the  composition  of  bile  and  urine. 
tn  this  connection  the  fact  may  be  emphasized  that  each  of  them  is 
Apposed  to  be  derived  from  hemoglobin,  and  each  constitutes,  so 
0  q)eak,  a  form  of  excretion  of  hemoglobin. 

Origin  and  Fate  of  the  Red  Corpuscles. — ^The  mammalian  red 
xnpuscle  is  a  cell  that  has  lost  its  nucleus.  It  is  not  probable,  there- 
bie,  that  any  given  corpuscle  Uves  for  a  great  while  in  the  circulation, 
rhis  is  made  more  certain  by  the  fact  that  hemoglobin  is  the  mother 
ubetance  from  which  the  bile  pigments  are  made,  and,  as  these 
ligments  are  being  excreted  continually,  it  is  fair  to  suppose  that 
ed  corpuscles  are  as  steadily  undergoing  disintegration  in  the  blood* 
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The  number  of  red  coq>u8cles  destroyed  daily  in  the  body  his  i 
been  determined  with  any  accuracy,  but  it  niay  be  quite  large,  a^  would appev^ 
from  the  following  upproxiniate  calculation  based  upon  our  inoo 
knowledge  of  the  amount  of  bile-pigment  secret-ed  chilly.  From  obser 
made  upon  caj*efi  of  biliary  fistulaii  in  man  it  in  entimated  that  the  < 
of  bile  amounts  to  about  15  gins,  per  kilogram  of  body  weight.  If  wc  J 
in  accordaiice  with  the  figures  given  by  mmm  authors  that  the  bile  oonti 
08  much  aB  0,2  per  cent,  of  pigment,  tlien  1.^5  gms.of  pigment  will  be  i 
per  day  (<i5X  15X.0O2).  This  pigment  m  formed  from  approximiitely  i 
same  weight  of  hematin  and  for  its  fonujition  woidd  require  the  doiti 
of  48  gms.  of  hemoglobin,  since  hematin  forma  4  per  cent,  of  the  i 
hemoglobin  (1.95-^.04—48)*  The  total  amount  of  blood  in  a  ma 
65  kilograms,  according  to  modern  etftimat-es,  is  about  3510  grams  (65,9 
*054),  and  this  gives  us  about  480  gms.  of  beraoglobin  (3510X0.14).  Accvir^J 
ing  to  Ihiw  fstimut<%  tljerefore,  one-tenth  of  the  total  hemoglobin  may  be  bn^keil 
down  daily,  and  the  total  duration  «)f  life  of  a  red  corpuscle  in  the  circulati(m| 
could  mit  exceed  tea  days.  A  calculation  of  ttiis  Vind  ie,  however,  tx' 
suggestive;  it  cannot  Ix*  accept etl  as  a  basis  for  further  estimates,  owing  to  I 
uncertainty  that  prevails  as  to  the  auionnt  of  bile  pigment  formed  and  exf3vUil| 
daily. 

Just  when  and  how  the  corpuscles  go  to  pieces  is  not  definiti 
known.  It  has  been  suggested  thiit  their  destruction  tiikes  pli 
ill  tlie  spleen  or  lyniph-glands  or  in  tlie  h%^er-  Certain  large  ( 
(maemphags)  have  been  described  in  the  spleen  which  at  ttmcil 
contain  red  blood-corpuscles  or  fragment's  of  them  in  their  cyUhl 
plasm.  It  has  been  supposerl  that  these  and  other  phagocytiei 
cells,  such  m  the  Kupffer  cells  of  tlie  liv^r  capillaries,  mayactuaOjrl 
ingest  the  red  corpiisctes  and  tluis  be  responsible  for  their  con 
destruction.  This  view  cannot  be  considered  as  demonstrat 
Complete  extirpation  of  the  spleen  does  not  seera  to  lessen  niat^ 
ally  the  normal  destruction  of  red  corpuscles,  if  we  may  measuifl 
the  extent  of  that  normal  destruction  by  the  quantity  of  hilej 
pigment  formed  in  the  liver,  rememhering  that  hemoglobin  is  the] 
mother-substance  from  which  the  bile  pigments  are  deriv*>d.  Ill 
is  quite  possible,  therefore,  that  there  is  no  special  organ  or  tissue] 
ehargeil  with  the  function  of  destro\nng  red  corpuscles,  hut  that! 
they  undergo  disintegration  and  dissolution  while  in  the  hlo 
stream  and  in  any  part  of  the  circulation,  the  liberate!  heme 
being  carried  to  the  liver  and  exeretetl  in  part  ns  bile  pig 
The  continual  destruction  of  red  corpuscles  implies,  of 
a  continual  formation  of  new-  ones.  It  has  been  showTi  sat 
torily  that  in  the  adult  the  organ  for  the  reproduction  of 
corpuscles  is  the  red  marrow^  of  l>ones.  In  this  tissue  he 
poiesis,  as  the  process  of  formation  of  red  corpuscles  is  t-ermed,  | 
on  continually,  the  proce^  being  much  increased  after  hemorri 
and  in  certain  pathological  conditions.  The  details  of  the  hl*^U>-i 
logical  changes  will  be  found  in  the  text-books  of  histology.  It  i 
sufficient  here  to  state  simply  that  groups  of  nucleated,  col< 
cells,  erj^throblasts,  are  found  in  the  red  marrow,  Theee 
multiply  by  karj^okinesis  and  the  daughter-c^ells  eventually  pr 
hemoglobin  in  their  cytoplasm,  thus  forming  nucleated  red 
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pusdes.  The  nuclei  are  subsequently  lost,  either  by  disintegration 
•rbyextnision,  and  the  newly  formed  non-nucleated  red  corpuscles 
(aythroc3rtes)  are  forced  into  the  blood-stream,  owing  to  a  gradual 
dttDge  in  their  position  during  development  caused  by  the  growing 
iMmatqwietic  tissue.  When  the  process  is  greatly  accelerated,  as 
ifter  severe  hemorrhages  or  in  certain  pathological  conditions, 
nd  ooipuscles  still  retaining  their  nuclei  (normoblasts)  may  be 
Swnd  in  the  circulating  blood,  having  been  forced  out  prematurely, 
hch  corpuscles  may  subsequently  lose  their  nuclei  while  in  the 
fcod-stream.  In  the  embryo,  hematopoietic  tissue  is  found  in 
irte  of  the  body  other  than  the  marrow,  notably  in  the  liver  and 
Jeen,  which  at  that  time  serve  as  organs  for  the  production  of 
w  red  corpuscles.  In  the  blood  of  the  young  embryo  nucleated 
i  corpuscles  are  at  first  abundant,  but  they  become  less  numerous 
the  fetus  grows  older  *  It  is  interesting  to  note  that  in  the 
lilt  after  severe  anemias — e.  g.,  pernicious  anemia — and  in  rabbits 
er  the  injection  of  saponin  the  spleen  may  again  take  on  its 
natopoietic  fimction.  The  venous  sinuses  become  crowded  with 
Is  of  the  marrow  type.f 

Variations  in  the  Number  of  Red  Corpuscles.— The  average 
nber  of  red  corpuscles  for  the  adult  male>  as  has  been  stated 
jady,  is  usually  given  as  5,000,000  per  c.mm.  The  number 
Found  to  vary  greatly,  however.  Outside  pathological  con- 
ODBf  in  which  the  diminution  in  number  may  be  extreme,  dif- 
sices  have  been  observed  in  human  beings  under  such  conditions 
he  following:  The  number  is  less  in  females  (4,500,000) ;  it  varies 
ndividuals  with  the  constitution,  nutrition,  and  manner  of  life; 
aries  with  age,  being  greatest  in  the  fetus  and  in  the  new-bom 
d;  it  varies  with  the  time  of  the  day,  showing  a  distinct  diminu- 
i  after  meals;  in  the  female  it  varies  somewhat  in  menstruation 
in  pr^nancy,  being  slightly  increased  in  the  former  and  di- 
lished  in  the  latter  condition. 

Variation  with  Altitude. — Perhaps  the  most  interesting  of  the 
ditions  that  may  influence  the  number  of  the  blood  corpuscles 
change  in  altitude.  Attention  was  first  directed  to  this  point 
Bert,t  who  believed  that  the  diminished  supply  of  oxygen  in  high 
tudes  may  be  compensated  by  an  increased  amount  of  hemo- 
trin,  and  subsequently  Viault  §  demonstrated  that  living  for  a 
rt  time  at  very  high  altitudes  (4000  meters)  causes  a  marked  in- 
188  in  the  number  of  red  corpuscles, — an  increase,  for  instance, 

*Howeil,  "life  Histoiy   of   the   Blood  Corpuscles,"  etc.,  "Journal  of 
pholosy,"    1890,  vol.  iv.;    Bunting,   "Univ.   of  Pennsylvania  Medical 
£t^"  1903,  xvi.,  200. 
\  See  Bunting,  "The  Journal  of  Experimental  Medicine,"  1906,  viii.,  625. 

[Bert,  "La preflsion barom6trique,'^  1878,  p.  1108. 
Viault*  "Comptes  rendus  de  Tacad^mie  des  sciences,"  1890  and  1891. 
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from  5,000,(MX)  per  e.mm.  to  7,000,000  or  even  8.(X)0.000.    Thii^ i^^ 
has  since  been  investigated  with  great  care  by  a  lai^e  numljer  \ 
observers  and  under  a  great  variety  of  conditions.     The  ol>9ervikti| 
has  been  abundantly  confirmed,  and  indeed  it  would  seem  thatt 
reaction  takes  place  very'  quickly.     Within   twenty-four 
according  to  some  observers,  and  in  less  time,  accoriling  to  otheil 
who  have  exi^erimented  during  balloon  ascensions  (Gaule, '. 
and  Tissot).  the  increase  in  the  number  of  corpuscles  may  be  i 
tec  ted.  although  the  maximum  increase  comes  on  more  gradu 
According  to  Kenip^*  the  number  of  blocKl  plates  is  aldo 
increased  by  high  altitudes,  while  the  leucocytes  are  not 
There  has,  however^  been  much  diflference  of  opinion  as  to  wh 
this  increase  in  number  of  the  red  corpuscles  is  relative  or  absoW 
— that  is,  whether  the  total  number  of  re^l  corpuscles  in  the  1 
and  therefore  probably  the  total  amoimt  of  hemoglobin,  is  incp 
or  whether  it  Ls  simply  an  ajiparent  increase  due,  for  instancet  1 
diminution  in  the  water  of  the  blood  and  a  consequent  concentrati 
as  regards  the  numlier  of  corpuscles,  or  to  a  variation  in  the  di*l 
bution  of  the  corpuscles  between  the  vessels  of  the  skin  and  th 
of  the  internal  organs.     The  i-esults  published  upon  these  quetk 
have  be£*n  conflicting.     AeconOng  to  one  set  of  obser\'er>i  lb 
an  absolute  increase  in  the  total  number  of  red  corpuscle*,  ^ 
therefore  in  the  total  anu>imt  of  hemoglobin.     There  seems  I 
Uttle  doubt  that  such  n  change  occurs  in  cases  of  long 
in  high  altitudes,  and  we  may  assume  that  the  diminished  amoi 
of  oxygen  in  the  air  or  some  other  condition  pec u bar  t^ 
altitudes  acts  as  a  stimulus  to  the  blood-formuig  tissues  (red 
row)    and  augments   the  output   of   corpuscles  and   hemtigk 
Zuntz  and  his  co-workers  have  shown  in  experiments  upon 
that  there  is  a  visible  increase  in  the  red  marrow  of  the  1>od 
a  result  of  living  for  some  months  at  a  high  altitude.     An  i 
tration  of  tiie  relationship  between  altitude  and  amount  of  1 
globin  is  given  in  Fig.  185a.    According  to  another  set  of  oh 
the  increase  in  the  number  of  red  corpuscles  is  due  to  a  concent 
of  the  blood.     The  i>lootI-plasma  is  reduced  io  quantity, 
by  transudation  of  water  into  the  tissues,  and  therefore  the  Dii 
of  red  corpuscles  and  the  amount  of  hemoglobin  become  i 
for  each  cubic  millimeter.     If  we  assume  that  tfiis 
of  blood,  more  concentrated  in  corpuscles  and  hemo^c 
culates  more   rapidly,    then   also    the  oxygen -carr>ing 
of  the  blow!  is  increased.     In  favor  of  this  view,  Abderl 
for  instance,  has  claimed  that,  if  animals  of  the  same  speci««i 
same  litter  are  blcfl  to  death  and  the  total  quantity  of  he 
is  estinuited,  the  average  figures  obtained  for  the  animals  §tl 

•  Kemp,  "Ainmcan  Journal  of  Phy«iology/*  10,  34,  1901- 
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iBveb  are  the  same  as  for  those  at  the  high  altitudes.  Zuntz  has, 
iowBver,  called  attention  to  the  fact  that  when  Abderhalden's 
fpures  are  estimated  per  kilogram  of  weight  they  show  an  in- 
}  in  total  hemoglobin  in  the  high  altitudes,  and  he  and  other 
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. — ^Tosbow  the  relationship  between  altitude  and  the  percentage  of  hemoglobin 
•  blood,  ^gures  along  the  bottom  give  the  atmospheric  pressure ;  along  the  ordinate  to 
ybit  tbealtitiide  in  feet,  and  along  the  ordinate  to  the  left  the  percentage  of  hemoglobin. — 
9trmld.) 

ervers  have  obtained  similar  results.  It  seems  certain,  there- 
{,  that  high  altitudes  cause  eventually  a  marked  increase  in 
production  of  red  corpuscles,  but  the  very  sudden  changes 
his  kind  reported  by  some  authors  as  happening  within  a  few 
rs  must  be  considered  as  apparent  rather  than  real,  and  are 
28 


434 


BLOOD  AND  LYMPH. 


to  1>e  expkikiCMi  by  suiiie  change  in  the  water  contents  or  in  **■ 
tliatribution  of  the  blood.* 

Physiology  of   the  Blood  Leucocytes. — The  function  of  ^J 

Ijlocxi  leiH'ocytes  h:is  been  the  sulgei't  of  nymerous  investig»t»OOlij 
particularly  in  connection  with  the  palhulog}^  of  blood  dia 
Although  many  hypotheses  have  been  made  as  the  result  of  tW^ 
work,  it  cannot  be  said  that  we  possess  much  positive  information >* 
to  tlie  normal  function  of  these  cells  in  the  ix>dy.     It  must  he  I 
in  mini,  in  the  first  place,  that  the  blood  leucoc^^es  are  not  all  1 
same  histologically,  and  it  may  be  that  their  functions  are  as  dive 
as    their    morpfiology.     Various   classifications    have   been 
biised  upon  one  or  another  difference  in  microscopical  structures 
reaction,  but,  at  present  the  termini>loK3'  niost  used  in  me 
literature  is  that  adopt cxl  by  Ehriich.f     According  to  this  no 
clature,  the  white  corpuscles  fall  into   two  main   groups,- 
l>inphoc\les  and  the  leucocytes, — and  ew^h  of  these  into  tvm  ( 
more  subgroups-     Thus: 

L  Lymphocytes.     No  granulest  in  the  cell  substance^  and,  tbou^c 

ameboid  changes  of  form*  this  property  is  not  characteristic  and  f 
ably  not  sufficient  to  cause  locomotion, 

(o)  STnait  ttpttph^>cyt€s  arc  about  the  sisse  of  the  red  ooipuBcIes;  U»l 
cleuB  IS  large,  symmetrically  placed*  Kiiiins  homcNmMOUBh%  aod  ti 
cytoplasm  Is  reduced  to  a  very  small  amount*  Tnay  form  float 
to  25  pr  cent,  of  all  the  white  corpuscles. 

(5)   Laryp  hjmphmijieii.     Two  to  three  times  a»  large  afl  the  , 
Nucleus  aomewhat   ec'centric;     the    cytoplasm    is   relatively 
abundant  than  in  a,  but  non-granular.     Tlieae  forms  exiat  o^t 
small  numbers,  fonning  1   per  cent,  or  leas  of  the  white  i 
Q«  Leucocytes.     Granules  of  different  sorts  found  in  the  cytoptasnT. 
characteristically  ameboid. 

(n)   Trn  iiMi  to  a /orm^  (unirai  clear  leucocytes).     Single  larigrnucleus,  n 
or  leas  lobulated;  cytoplasm  abundant  and  faintly  prailil 
gTimn]esi  stain  with  neutral  dyes  and  are  therefore  dk 
neutrophile  granules.     The  name,  transition  form,  impHflfti 
leucocytes  represent  an  intennediat*  sla^fe  between  the  larfc  I 
eyie&  nnd  the  following  variety,  but  this  belief  is  vigoniuidy  < 
by    many    competent     liemiitologiKl^.     This    form    exists    ~ 
numbers— 2  to  10  oer  cent,  of  the  total  number  of  white  < 

(ft)  P&l\fnu€iear  or  potymorj^midmr  leucociftes.  The  nuclettf'  il  i 
men  ted  into  IoIhjs  connected  by  narrow  strands.  The 
is  especially  ameboid  and  is  granular.  The  granules  in  i 
are  neutrophilic  and  small  in  eiste.  The  typical  cells  of  tliii  I 
form  the  bulk  of  the  white  corf  muscles  of  the  blood, — 60  to  TH 
cent.  EosiTUiphiHc  leticfioftes  form  a  subgroyp  of  this  variety,  tl 
have  a  similar  st^gmented  nucleus,  but  the  cytoplasm  cx>ntiiBil 
merous  coarse  granules  that  stain  in  add  dyes,  such  as  eonBtl*^^ 
the  name. 

*  For  the  extensive  literature  wv  Van  Voornveld,  "Das  Blul  im  •*• 
gebirgc,"   "Pi!uger*s  Arehiv,"  1*2,    I,   HKI2;    ZunU  el  ul.,  *'Hcjh.  uklimn 
Bergwanderungen  in  ihrer  Wirkung  anf  den  Meiis^hen,"  H)06.    1 ' 
"Phil(».sophieal  Transaction's  Royal Hociety  of  l^ndon/*  B.  vol.  2il» 

t  Ehrlich,    "Die  Anaemie,'*    1898;   see  also   *Seemann,    **ErgebQM  J 
Physiologie,"  3,  part  i,  1904. 
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v)  Magi  cells.    These  peculiar  cells  exist  in  very  small  numbers  under 
normal  conditions, — ^less  than   1  per  cent,  of  the  total  number  of 
1^^  I  white  corpuscles.    They  have  a  polymorphic  nucleus  like  the  pre- 

'  eeding  group,  but  differ  in  the  fact  that  the  granules  in  the  cyto- 

plasm are  strongly  basophilic, — ^that  is,  will  stain  only  with  basic 
dyes,  such  as  thionin. 

Current  opinions   vary  greatly  in   regard  to  the  origin  and 
relatioos  of  these  different  forms  of  white  blood-corpuscles,  almost 
eveiy  writer  proposing  some  special  hypothesis  to  indicate  his 
particular  point  of  view.*    In  general,  however,  it  may  be  said 
that  the  divergent  views  fall  under  two  heads.     First,  the  so- 
called  dualistic  theory,  according  to  which  there  are  two  sources 
rf  origin  for  these  cells,  namely,  the  lymphoblasts  of  the  lymph 
nodes  which  give  rise  to  the  small  lymphocytes  and  the  myeloblasts 
of  the  bone-marrow,  which  give  rise  to  the  granular  leucocytes  of 
the  blood  and  probably  also  serve  as  the  parent  form  for  the  large 
mononuclear   leucocytes   and    transitional   forms.    Second,    the 
Unitarian  or  monophyletic  theory,  according  to  which  all  the  white 
blood-corpuscles  arise  from  a  single  form  or  variety  of  parent  cells 
that  has  the   characteristics  of  a  large  or  small   lymphocyte. 
Most  authors  perhaps  believe  that  the  various  forms  as  they  exist 
in  the  blood  are  from    an  anatomical  standpoint  permanently 
differentiated.   Such  a  view  implies,  on  the  physiological  side,  that 
each  form  has  some  special  functional  activity  of  its  own.    Little 
Or  no  progress  has  been  made,  however,  in  discovering  the  specific 
physiology  of  the  various  leucocytes. 

Variations  in  Number. — Under  normal  conditions  the  total 

tfenmber  of  leucocytes  may  show  considerable  variation;  the  aver- 

number  in  health   varies  usually  between  5000  and   7000 

;:Per  cubic  millimeter.    A  distinct  increase  in  number  is  designated 

I  a  condition  of  leucocyUms,  a  marked  diminution  as  a  condition  of 

Mkiifiopema.    Leucocytosis  occurs  under  various  normal  conditions, 

as  digestion,  exercise  or  cold  baths,  pregnancy,  etc.    The 

[ 'Variations,  relative  or  absolute,  under  pathological  conditions,  have 

I  studied  with  exhaustive  care  as  an  aid  to  diagnosis  and  elassi- 

ation. 

Functiona  of  the   Leucocytes. — Perhaps  the  most  striking 

of  the  leucocytes  as  a  class  is  their  power  of  making 

|h|iDeboid  movements, — a  characteristic  which  has  gained  for  them 

sobriquet  of  "wandering"  cells.    By  virtue  of  this  property 

\  of  them  are  able  to  migrate  through  the  walls  of  blood  capil- 

I  into  the  surrounding  tissues.    This  process  of  migration  takes 

normally,  but  is  vastly  accelerated  under  pathological  con- 

^Stions.    As  to  the  function  or  functions  fulfilled  by  the  leucocjrtes, 

*  See  Weidenreich  for  summary,  ^'Ergebnisse  der  Anatomie  und  Entwickel- 
HDSBgeschichte,"  vol.  19,  part  ii  (1909),  1911. 
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numerous  suggestions  have  been  made,  some  of  which  wxf 
stated  in  brief  fonn  as  follows:  (1)  They  protect  the  body  li 
patho^^enic  bacteria  and  other  foreign  cells  or  organisms 
explanation  of  this  action  it  has  been  siigget^ted  that  they  m« 
either  ingest  bacteria,  and  thus  destroy  them  directly,  or  ihfl 
may  form  certain  substances,  bacteriolysins,  that  destroy 
bacteria.  The  woiitlerful  protective  adaptation  of  the  body 
ignated  by  the  term  *'  biological  reaction  "  has  already  been  referfl 
to  (p.  416).  The  formation  of  immune  substances  in  the  blood 
attril)uteii,  in  part  at  least,  to  the  leucocytes.  Leucocyte*  tk 
act  by  ingesting  the  bacteria  are  spoken  of  as  "  phagocytes '*(f<i] 
to  eat;  Kiiror,  cell).  This  theory  of  their  function  is  tisui 
designated  as  the  "phagocytosis  theor}^  of  Metchnikoff'*:  it 
founded  upon  the  fact  that  the  ameboid  leucoc*ytes  are  known 
ingest  foreign  particles,  including  bacteria,  with  which  they 
in  contact.  The  leucocytes  which  seem  especially  adapted 
attack  bacteria  are  the  polymorphonuclear  variety,  desigrii 
by  Metchnikoff  as  microphags.  This  power  of  the  lcucocj1« 
ingest  !>acteria  depends,  accortling  to  Wright,  upon  the  pi 
in  the  plasma  of  certain  substances  designated  as  opsonins  (: 
opst/no,  I  prepare  food  for),  which  sensitize  or  in  some  way  pnfl 
the  bacteria  su  that  they  are  attacked  t>y  the  leucoc>'tes, 
opsonins,  like  the  cy  to  toxins,  belong  to  the  group  of  antibodi 
and  may  lie  called  into  existence  or  increased  in  amount  by 
injection  into  the  l>otly  of  suitable  bacteria  or  their  prodoet 
(2)  They  aid  in  the  al>sorption  of  fats  from  the  intestine.  (3) 
aid  in  the  absorption  of  peptones  from  the  intt*stine.  (4)  They  t 
part  in  the  process  of  Idood  coagulation,  (5)  They  help  to  nu 
tain  the  nonnal  composition  of  the  blood-plasma  in  proteins.  1 
blood  proteins  are  ]K'culiar,  and  they  are  not  formed  directJyfi 
the  digested  footL  It  is  possiljle  that  the  leucoc\'tes,  which 
the  only  t>i3i<-al  cells  in  the  fjlood,  aid  in  keeping  up  the 
supply  of  proteins.  From  this  stflndtmint  they  nuight  be  regan 
in  fact  as  unicellular  glands,  the  products  of  their  met^Uioii 
serving  to  maintain  the  normal  composition  of  the  blood*plad 
The  formation  of  granules  within  the  substance  of  the  eosinophi 
offers  a  suggestive  analogy  to  the  accumulation  uf  zymol 
granules  in  glandular  cells. 

Physiology  of  the  Btood  Plates.— The  blood  plate*  are 
sbape<l  liodies  whirh  ap[)car  as  short  rods  or  as  circular  or  dfil 
plates,  according  as  fhey  are  seen  on  edge  or  on  the  flat 
They  vary  in  diameter  on  tlie  flat  face,  but  are  in  all  cases 
smaller  than  the  red  corpuscles.      When  removed  from  the 

•  For  a.  brief  general  dia^ussitm  of  opsonins,  »ee  Hektoen. 
Feb.  12,  190i+. 


GENERAL   PROPERTIES!    THE    CORPUSCLES.  437 

'Ating  blood  they  are  known  to  disintegrate  very  rapidly.  This 
)eculiarity,  in  fact,  prevented  them  from  being  discovered  for  a  long 
ime  after  the  blood  had  been  studied  microscopically.  It  has  been 
hown  that  they  are  farmed  elements,  and  not  simply  precipitates 
ran  the  plasma,  as  was  suggested  at  one  time.  The  theory  of 
hyem,  their  real  discoverer,  that  they  develop  into  red  corpuscles 
lay  also  be  considered  as  erroneous.  There  is  considerable  evi- 
ence  to  show  that  in  shed  blood  they  take  part  in  the  process  of 
Mgulation.     The  nature  of  this  evidence  will  be  described  later. 

On  account  of  their  small  size  the  structure  of  the  blood  plates 
not  satisfactorily  known.  Deetjen*  has  demonstrated  that  they 
■e  capable  of  ameboid  movements.  When  removed  from  the 
ood-vesseLs  to  a  glass  slide  they  usually  agglutinate  into  larger 
'  smaller  masses,  swell,  and  disintegrate,  but  if  received  upon  a 
rface  of  agar-agar  which  has  been  made  up  with  physiological 
line,  together  with  some  sodium  metaphosphate  (NaPOs),  they 
itten  out,  show  a  central  granular  portion  and  a  peripheral  clear 
yer,  and  may  make  quite  active  ameboid  movements.  Deetjen 
lims  also  that  they  possess  a  distinct  nucleus.  This  latter 
itement  is  perhaps  doubtful,  as  other  observers  report  that  the 
ateiial  which  stains  like  a  nucleus  is  present  as  separate  granules 
the  interior  of  the  plate.  These  granules,  though  possibly  of 
idear  material,  do  not  have  the  morphological  appearance  of  a 
D  nucleus.  It  remains,  therefore,  uncertain  whether  the  blood 
ites  are  to  be  considered  as  independent  cells  or  as  fragments 
cells.  The  origin  or  histogenesis  of  the  plates  has  been  studied 
'many  observers.  Numerous  hyi>othese8  have  been  suggested; 
at  they  originate  from  the  nuclei  of  the  polynuclear  leucocytes; 
at  they  are  extruded  remnants  of  the  nuclei  of  the  young  red 
)od-corpuscles;  that  they  are  detached  pieces  of  the  cytoplasm 
the  giant  cells  (m^akaryocytes)  of  the  bone-marrow,  etc.,  but 

one  of  the  hypotheses  proposed  has  found  general  acceptance. 
18  origin,  fate  and  function  of  these  interesting  bodies  are  still 
en  questions  in  spite  of  the  great  amount  of  investigation  de- 
ted  to  the  subject.  The  normal  number  of  the  plates  in  the 
eulating  blood  is  large,  but  the  estimates  made  vary  somewhat 
th  the  method  used.f    When  the  blood  is  shed  the  plates 

•"Virehow's  'Archiv  f.  path.  Anat.  u.  Physiol.,"  164,  239,  1901,  also 
tachrift  f.  physiol.  chemie,  63,  1,  1909. 

t  For  a  summary  of  the  literature  and  methods,  consult  Kemp,  "Journal 
the  American  Medical  Association,"  April  7  and  14,  1906;  Pratt,  ibid., 
!.  30,  1905,  and  Wright  and  Kinnicutt,  "Transactions  of  Assoc,  of  Am. 
facialis,"  May,  1901.  The  preservative  solution  recommended  by  Pratt 
B8t8  of  sodium  metaphosphate,  2  grams;  sodium  chlorid,  0.9  gram;  water, 
C.C.  That  preferrea  by  Kemp  is,  formalin  (40  per  cent,  aqueous  solution 
annaldehyd),  10  c.c;  sodium  chlorid  (1  per  cent,  solution),  150  c.c,  while 
ght  emplo3r8  a  solution  of  cresyl  blue  and  potassium  cyanid. 
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agglutinate  quickly  into  masses  which  ?ioon  disintegra 
less  eompletely,  aofl  it  is  necessary  therefore  in  eountii 
mix  the  bIr»o*i  \Aith  a  fixing  soiution  which  will  roaguJatx 
and  keep  them  from  adhering  together,  Soiutions  that 
the  calciian  of  the  blood-plasma,  sueh  as  sodium  oxalat 
effect  of  fixing  the  plates.  Tlie  a^-erage  number  of  pla 
given  iis  300,000  per  rubic  millimeter.  The  extreme 
vary  from  20(UK;M}  or  250.004)  to  778,000.  Under  eer< 
logical  conditions,  especially  in  f>ernieious  anemia  and 
leucemia,  their  number  is  greatly  reduced,  while  in 
infectious  diseases  there  is  said  to  be  a  diminution 
during  the  (x^riotl  of  fever,  followeti  by  a  marked  inere 
the  nomial  during  the  period  of  convalescence.  Xi 
observers  have  stated  that  in  hemorrhagic  diseases  in  1 
is  delayed  coagulation  and  tendency  to  bleed  there  ma> 
reduction  in  the  mnnber  of  platelets.  Duke*  states  tl 
cases  transfusion  of  bloml  from  a  normal  person  removes 
rhagic  tendency,  while  increasing  markedly  the  numb^ 
lets.  But  in  three  days  the  number  of  platelets  agai 
low  level,  and  simultaneously  there  is  again  a  tenden< 
taneous  liieeding.  The  observation  is  of  interest  as 
that  the  life  liistory  of  the  platelets  in  the  circulation 
very   brief.  I 

*  Duke,  *' Journal  of  the  Amer.  Med.  Assoc.,"  55,  p,  1185* 


CHAPTER  XXIII. 

DCAL  CX>BPOSinON  OF  THE  BLOOD-PLASDA;   GO- 
HJIATION;  QUANTITY  OF  BLOOD;  REGENERA- 
TION AFTER  HEHORRHAGR 

npodtion  of  the  Plasma  and  Corpuscles.— Blood  (plasma 
tpuscles)  contains  a  great  variety  of  substances,  as  might  be 
1  from  its  double  relations  to  the  tissues  as  a  source  of 
m  and  as  a  means  of  removing  the  waste  products  of  their 
oal  activity.  The  constituents  that  may  be  present  in 
blood-plasma  are  in  part  definitely  known  and  in  part 
unknown  from  a  chemical  standpoint.  Some  idea  of  the 
dty  of  the  composition  may  be  obtained  from  the  following 


COMPOSITION    OP    THE    BLOOD-PLASBiA. 

Watbr,  Oxtgbn,  Carbon  Dioxid,  Nitrogen. 

'  Fibrinogen. 

Paraglobulin  {  fSttulin. 

Serum-albiimin. 

Nucleo-protein. 

Fats. 

Sugar. 

Urea. 

Jecorin. 

Glucuronic  acid. 

Lfecithin. 


es, — that  is,  substances  other 
proteins  that  may  be  ex- 
ed  from  the  dried  residue  by 
r,  alcohol,  or  ether. 


Etnd  special  subfiancea . 


Cholesterin 
Lactic  acid. 


of 


Sodium. 

Potassium. 

Calcium. 

Magnesium 

Iron. 


Chlorids 
Carbonates 
Sulphates 
Phosphates 

Internal  secretions. 

E-y--{Gi^lase,etc. 

Prothrombin. 

Antithrombin. 

Epinephrin. 

Immune  bodies  (Amboceptors). 

Complements. 

Opsonins. 

mber  of  detailed  chemical  analyses  of  the  blood  of  different 
so  far  as  its  constituents  can  be  determined  by  analjrtical 
,  have  been  reported  at  different  times.     The  following 
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table,  taken  from  Abderhalden,*  and  showing  the  cc 
dogs*  blood,  may  serve  as  an  example: 


lOOO  Parts,  bt 

WCIOHT,  OF  Bl^OOI} 
CONTAI.V 

Water   ....810.05 

Solids 189,95 

Hemoglobin , 133.4 

Protein.... 39.«i8 

Sugar 1.09 

Oiolesterin L298 

Lecithin   2.052 

Fat.... 0.631 

Fatty  acids 0.769 

Phosphoric  acid: 

as  nuclein 0.054 

Na-0 3.675 

K,U 0.251 

Fejp, 0641 

Cab 0.062 

MgO  . . . . , 0.052 

Q 2.935 

PA •     0.809 


Inore 


0.676 


1000  Paaiis,  bt 

Wkiobt.  of  Se- 

Huu  Contain 

923.98 
76.02 

'60.14 
1.82 
0.709 
1.599 
1.051 
L221 

0,016 
4,2<i3 
0.226 

'  0.113 
0.040 
4.023 
0.242 

0.080 


The  same  constituents  in  much  the  same  proportion 
in  the  blood  of  all  the  mammalia  examined.     The  amouffl 
in  the  senim  is  greater  in  some  cases  than  in  others^-i 
for   instance,   according   to   Abderhalden's   analyses, 
amounts  to  only  6  per  cent.,  while  in  the  horse  it  may 
cent.     So  also  there  are  small  variations  in  the  amoii 
terin,  sugar,  and  other  con.stituents»  but,  on  the  whole, 
tion  of  the  liquid  part  of  the  blood,  blood-serum  or  b 
is  remarkably  uniform  so  far  as  chemical  analyses  goi 
however,  that  the  phy^siological  properties  of  mammaUai 
be  very  different  indeed ;  that  the  serum  of  a  dog,  for  ii 
kill  a  rabbit  when  injected  into  its  vessels.     8uch  phya 
ferences  as  this,  however,  defjend  upon  constituents  if 
be  determined  at  present  by  chemical  means.     The  ch 
position  of  the  blood-serum  differs  from  that  of  the  red  < 
a  number  of  respects  in  addition  to  the  presence  of  he 
the  latter.   The  corpuscles  contain  no  sugar  nor  fat,  a  la 
of  eholesterin,  lecithin^  phosphoric  acid,  and  potassii 
sodium  and  chlorin.     The  red  cor|>uscles  of  differed 
show  a  remarkable  variation  in  the  amount  of  poto 
contained.    Thus,  according  to  Brandenburg,  1000  par 
of  the  red  corpuscles  contain  the  following  amounts" 
different  mammalia:  Cat,  0.258:  dog,  0.257;  man,  4, 
4.957;  rabbit,  5.229. 

•  "Zeitachrift  f.  physiologi^che  Chcmie/*  25,  88,  I 
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Ptoteins  of  the  Blood-plasma. — The  general  properties  and 
reactions  of  proteins  and  the  related  compounds,  as  well  as  a  classi- 
fication of  those  occurring  in  the  animal  body,  are  described  briefly 
in  the  Appendix.  This  description  should  be  read  before  attempt- 
ing to  study  the  proteins  of  the  plasma  and  the  part  they  take  in 
coagulation.  Three  proteins  are  usually  described  as  existing  in  the 
plasma  of  circulating  blood, — namely,  fibrinogen,  paraglobulin, 
or,  as  it  is  sometimes  called,  "serum-globulin,"  and  serum-albumin. 
The  first  two  of  these  proteins,  fibrinogen  and  paraglobulin,  belong 
to  the  group  of  globulins,  and  hence  have  many  properties  in  com- 
mon. Serum-albumin  belongs  to  the  group  of  albumins,  of 
^hich  egg-albumin  constitutes  another  member. 

Serum-ulbumin. — ^This  substance  is  a  t3rpical  protein.  It  can  be 
obtained  readily  in  crystalline  form  from  the  horse's  blood.  Its 
percentage  composition,  according  to  Michel,  is  as  follows:  C,  53.08; 
B,7.10;  N,  15.93;  S,  1.90;  O,  21.96. 

Its  molecular  composition,  according  to  Schmiedebeig,*  may  be 
^presented  by  C^gHj^NjoSOj^  or  some  multiple  of  this  formula. 
Senun-albimiin  shows  the  general  reactions  of  the  native  albumins. 
One  of  its  most  useful  reactions  is  its  behavior  toward  magnesium 
iolphate  and  anmionium  sulphate.   Serum-albumin  usually  occurs  in 
tte  body-liquids  together  with  the  globulins,  as  is  the  case  in  blood. 
If  such  a  liquid  is  thoroughly  saturated  with  solid  magnesium  sul- 
phate or  half  saturated  with  anmionium  sulphate,  the  globulins 
MB  precipitated  completely,  while  the  albumin  is  not  affected. 
8o  far  as  the  blood  and  similar  liquids  are  concerned,  a  definition 
^serum-albumin  might  be  given  by  saying  that  it  comprises  all 
tte  proteins  not  precipitated  by  saturation  with  magnesium  sul- 
phate or  by  half  saturation  with  ammonium  sulphate.      When  its 
tohtioDS  have  a  neutral  or  an  acid  reaction,  serum-albumin  is 
pveeipitated  in  an  insoluble  form  by  heating  the  solution  above  a 
^*rtain  degree.     Precipitates   produced   in   this  way  by   heating 
■ohitions  of  proteins  are  spoken  of  as  coagulations — heat  coagula- 
tions—and the  exact   temperature   at  which   coagulation  occurs 
i  to  a  certain  extent  characteristic  for  each  protein.    The  tem- 
perature of  coagulation  of  serum-albumin  is  usually  given  at  from 
50"  to  75®  C.,  but  it  varies  greatly  with  the  conditions, — for  in- 
stance, with  the  reaction  of  the  solution,  its  concentration  in  salts, 
^  with  the  nature  of  the  salts  present.     It  has  been  asserted, 
!   h  fact,  that  careful  heating  under  proper  conditions  gives  separate 
coagulations  at  three  different  temperatures, — namely,  73°,  77°, 
*  and  84®  C. — indicating  the  possibility  that  what  is  called  "serum- 
albumin''   may  be  a  mixture  of  three  proteins.     Serum-albumin 
occurs  in   blood-plasma  and  blood-serum,  in  lymph,  and  in  the 
different  normal  and  pathological  exudations  found  in  the  body, 
*  •'Archiv  f.  exper.  Pathol,  u.  Pharmakol.,"  39,  1,  1897. 
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such  as  pericardial  liquid,  hydrooele  fluid,  etc.     The  am< 
spruni-allmiiiin  in  the  blood  varias  in  difFereut  animals 
among  the  nuitnmalia  from  2.67  per  cent,  in  the  horse  to  4.52 
cent,  hi  man.     In  some  of  the  cold-blooded  animals  it  oocurai 
surprisingly  small  quantities, — 0.36  to  0.69  i>er  cent. 

Paraglobulin,  wliieh  l>ek>ngs  to  the  group  of  globulins,  ^xhM 
the  general  reaetion>s  ebaracteristic  of  the  group.     As  statei!  alK)i 
it  is  completely  precipitated  from  it.s  solutions  by  saturation 
magnesium  sulphate  or  by  half  saturation  with  ammomum 
phate.     It  is  incompletely  precipitated  by  saturation  ^itb 
salt  (NaC'l).     In  neutral  or  feebly  acid  solutions  it  eoagulai 
heating  to  75°  i\     Hanmiarsten  gives  its  percentage  eora 
as:  C,  52.71;  H,  7.01;  N,  15.85;  8.  Ml;  O.  23.32.     Schmiedebeq 
gives  it  a  molecular  composition  corresponding  to  the  formulj 
C^i-Hi^^N^SO-g  +  iH^O.     Paraglobulin  occurs  in  blood»  in  lymphi 
and  in  the  normal  and  pathological  exudation^s.     The  moo^MM 
paraglobulin  present  in  hlood  varies  in  different  animaLg,    iH| 
the  mammalia  the  amount  ranges  from  L78  per  cent,  in  rabbits  to 
4.56  per  cent,  in  the  horse.     In  human  blood  it  is  given  at  11 
per  cent.,  being  less  in  amount,  therefore,  than  the  sermn-aH?unii 
It  is  usually  stated  that  more  of  this  protein  is  foimd  in  the  scnB 
than  in  the  plasma.     This  fact  is  explained  l>y  supposing  that  (iii 
ing  coagulation  some  of  the  leueoe>'tes  disintegrate  and  parti 
their  substance  passes  into  solution  as  a  globulin  identical  wth< 
closely  resemliling  paraglobulin.     Paraglobulin  as  obt^uned  frt 
blood-serum  by  half  saturation  with  anm^ionium  sulphate  or  ft 
saturation  with  magnesium  sulphate  does  not  behave  like  a  chii 
ical  individuaL     Portions  of  it,  for  instance,  are  precipitated  t 
COj  or  by  dialysis,  and  portions  are  not  so  precipitated.     ReceatJ 
therefore,  it  has  been  assumed  that  paraglobulin  is  in  reality 
mixture  of  two  or  possibly  three  different,  although  related,  pH 
teins.     The  separation  usually  given  is  into  euglobulin  and  pe0 
doglobuiin,  euglobulin  being  the  portion  precipitatiKl  by  amfll 
nium  sulphate  when  addeil  to  one-third  saturation  (28  to  33  |l 
cent.),  and  pseudoglobulin  the  portion  precipitated  only  by  afl 
half  saturation  f34  to  -50  per  cent.).     The  latter  portion  dirt 
properties  more  nearly  related  to  the  albumins.*     The  whole 
of  classification  is,  however,  unsatisfactory  and  pro\'isioDal 
appendix). 

Fibrinogen  is  a  protein  l^elonging  to  the  globulin  class 
hibiting  all  the  general  reactions  of  this  group.     It  is  distingui 
from  paraglobulin  by  a  number  of  8t)ecial  reactions;  for 


*  Forges  and   Spiro,  ''Beit  rage  twr  ehvm.  Phj'sioL  u.  Pal  hot  ,* 
IIKIH;   anil  Freund  tind  Joachim,  '^Zeitschrift  f.  pHysiologidehe  Cheniir/ 
407,  1902. 
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ts  temperature  of  heat  coagulation  is  much  lower  (56®  to  60®  C), 
ind  it  is  completely  thrown  down  from  its  solutions  by  saturation 
nth  sodium  chlorid  as  well  as  with  magnesium  sulphate.  Its  most 
nportant  and  distinctive  reaction  is,  however,  that  under  proper 
(mditions  it  gives  rise  to  an  insoluble  protein,  fibrin,  whose  forma- 
on  is  the  essential  phenomenon  in  the  coagulation  of  blood, 
ibrinogen  has  a  percentage  composition,  according  to  Hammar- 
en,  of:  C,  52.93;  H,  6.90;  N,  16.66;  S,  1.25;  0,22.26;  while  its 
olecular  composition,  according  to  Schmiedeberg,  is  indicated  by 
fi  formula  CjosHje^NaoSO^. 

Fibrinogen  is  found  in  blood-plasma,  lymph,  and  in  some  cases, 
ough  not  always,  in  the  normal  and  pathological  exudations.  It 
ihaent  from  blood-serum,  being  used  up  during  the  process  of 
rtting.  It  occurs  in  very  small  quantities  in  blood,  compared 
th  the  other  proteins.  Estimates  of  the  amount  of  fibrin,  which 
ftnot  differ  very  much  from  the  fibrinogen,  show  that  in  human 
rod  it  varies  from  0.22  to  0.4  per  cent. ;  in  horse's  blood  it  may 
more  abundant, — 0.65  per  cent.  There  is  some  evidence  to 
licate  that  the  fibrinogen  is  produced  in  the  liver,  or  at  any  rate 
it  this  oi^^an  is  concerned  in  some  way  in  its  production.  Thus 
8  stated  that  extirpation  of  the  liver  in  the  dog,  after  establishing 
Eck  fistula,  is  followed  by  a  rapid  disappearance  of  the  fibrino- 
i  of  the  blood.*  In  phosphorus  poisoning,  and  particularly  in 
oroform  poisoning,  which  is  attended  by  an  extensive  necrosis 
the  central  portions  of  the  liver  lobules,  the  amount  of  fibrinogen 
the  blood  is  rapidly  reduced,  t  and  simultaneously,  as  we  should 
»ct,  the  blood  loses  more  or  less  completely  its  power  of  clotting. 
lally  it  has  been  noted  that  if  the  blood  of  a  dog  is  withdrawn 
)q)arate  ]X)rtions,  defibrinated  and  reinjected  into  the  circula- 
1,  the  missing  fibrinogen  is  quickl}'  regenerated  in  a  normal 
Dud,  while  in  one  with  its  liver  thrown  out  of  function  this  re- 
eration  does  not  take  placet 

rhe  following  table  §  gives  some  results  of  analyses  of  blood 
ch  indicate  the  average  amounts  of  the  different  proteins 
lie  blood-plasma  of  several  animals.  The  figures  give  the  weight 
be  protein  in  grams  for  100  c.c.  of  plasma. 

Serum- 
Total  Protbins.     Albumin.     Paraolobulin.     Fibrinoorn. 

Man 7.26  4.01  2.83  0.42 

Dog 6.03  3.17  2.26  0.60 

Sheep 7.29  3.83  3.00  0.46 

Horse 8.04  2.80  4.79  0.45 

Pig 8.05  4.42  2.98  0.65 

See  Doyon,  "C.  r.  Soc.  Biol.,"  56. 612,  1904,  and  Nolf,  "Arch,  intemat. 
lymoL,"  3,  1.  1905;  "Archivio  di  Fisiologia,"  7,  1909. 
Whipple,  "Journal  of  Exp.  Medicine."  13.  136,  1911,  and  15,  246,  1912. 
MedL,  "American  Journal  of  Physiology,^'  30  161,  1912. 
Lewinaki,  "PflUger's  Archiv,"  100,  611,  1903. 
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Other  Proteifis  oj  the  Blo^Ki'mrum  or  Bktod^plastna. — ^From  time  \ 
other  protein  bcKJies  have  been  dearribcHl  in  th<*  serum  or  plasma  of  the 
In  the  serum  after  eoagijJation  Hammarsten  has  obtaiDed  a  globuli]] 
fibrin-gtobtdin,  which  he  aupposes  may  be  split  off  from  the  fibrinop 
ing  the  act  of  clot  ling.  Faust  describes  an  albuminoid  substance,  g 
which  is  present  in  the  blcKMl  and  ih  usually  precipitated  together  w 
paniglobulin.  A  number  of  obser\'ers  have  noted  the  existence  ii 
of  a  protein  not  coagulated  by  heat.  By  some  authors  this  has  bi 
scribefl  as  a  peptone  or  an  ulbumose  (Langs^tein),  bv  others  as  an  ovo 
(Zanetti),  and  by  others  still  (Chabrii'*)  as  a  peculiar  protein  for  wh 
name  albummi  has  been  prorwsed.  By  others  frtill,  thb  non-c«mgulat 
tein  obtained  from  m^nun  or  |>laRuia  has  been  explained  as  ati  i 
pnxJuct  ftriBing  from  the  globulins  of  the  blood  during  the  process  of 
mg  the  coagulable  proteins  by  heating.  So^  too»  nucleoprotein  pub 
have  been  described  in  the  bJood~s<'nxnj  by  several  ob^ervers^  meet  rece 
Freund  and  Joacliim.  It  is  quite  j>o39ible,  however,  that  the  suhsta 
Hcribed  as  nuck^j^protein  in  in  reality  a  mixture  *ir  combination  of  lecitj 
protein.  Most  of  the  protein  when  precipitated  from  the  blocKl  canii 
with  it  some  lecithin,  and  will  therefore  show  a  reaction  for  pbosphoa 
can  be  shown  that  the  pliosphorust  present  is^  in  most  ca»es  at  lea-^ttf 
able  by  boiling  with  alcohol,  and  there  is  at  present  no  entirely  satn 
pnxjf  that  nucleoprotein  exiM-n  in  the  blood. 

Coagulation  of  Blood.^-One  of  the  most  striking  proper 
blood  is  its  power  of  clotting  or  coagulating  shortly  after  it  e 
from  the  blood-vessels.  The  general  changes  in  the  blood  i 
this  process  are  easily  followed.  At  first  perfectly  fluid,  in 
minutes  it  becomes  viscous  and  then  sets  into  a  soft  jelly 
quickly  becomes  firmer,  so  that  the  vessel  containing  it  m 
inverted  without  spilling  the  blood.  The  clot  continues  to 
more  compact  and  gradually  shrinks  in  volume*  pressing 
smaller  or  larger  ciuaiitity  of  a  clear,  faintly  yellow  liquid  to 
the  name  hlood-serum  is  given.  The  essential  part  of  the  clot 
fibrin.  Fibrin  is  an  insoluble  protein  not  found  in  normal 
In  shed  blood,  and  under  certain  conditions  in  blood  w^hile  still 
blood-vessels,  this  fil>rin  is  fonned  from  the  soluble  fibril 
The  deposition  of  the  fibrin  is  pecidiar.  It  is  precipitated, 
word  may  be  used,  in  the  form  of  an  ejcceedingly  fine  netwi 
delicate  threads  which  permeate  the  whole  mass  of  the  bloc 
give  the  clot  its  jelly -like  character.  The  shrinking  i 
threads  causes  the  subsequent  contraction  of  the  dc 
the  blood  has  not  been  disturbed  during  the  act  of  cl< 
the  red  corpuscles  are  caught  in  the  fine  fibrin  meshwori 
as  the  clot  shrinks  these  corpuscle??  are  held  more  firmly 
the  clear  liquid  of  the  bloud  being  squeezed  013 
that  it  is  possible  to  get  specimens  of  serum  com 
few  or  no  red  corpuscles.  The  leucocytes,  on  the 
trary,  although  they  are  also  caught  at  first  in  the  ft 
meshwork  of  fiiiriii,  may  readily  pass  out  into  the  serum  in  th 
stages  of  clotting,  on  account  of  their  power  of  nmking  ai 
movements.  If  the  blood  has  been  a^tated  during  the  pro 
clotting,  the  delicate  network  will  be  broken  in  places  and  the 
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will  be  more  or  less  bloody — ^that  is,  it  will  contain  numerous  red 
corpuscles.  If  during  the  time  of  clotting  the  blood  is  vigorously 
wliipped  with  a  bundle  of  fine  rods,  all  the  •  fibrin  is  deposited 
m  a  stringy  mass  upon  the  whip,  and  the  remaining  liquid  part 
Nosists  of  serum  plus  the  blood  corpuscles.  Blood  that  has  been 
whipped  in  this  way  is  known  as  "  defibrinated  blood."  It  resembles 
innnal  blood  in  appearance,  but  is  different  in  its  composition;  it 
eu  not  clot  again.  The  way  in  which  the  fibrin  is  normally  de- 
posited may  be  demonstrated  very  easily  under  the  microscope  by 
piadog  a  goodnsized  drop  of  blood  on  a  slide,  covering  it  with  a 
cover-slip,  and  allowing  it  to  stand  for  several  minutes  until  coagu- 
k&m  is  completed.  If  the  drop  is  now  examined,  it  is  possible  by 
euBful  focusing  to  discover  in  the  spaces  between  the  masses  of 
coipuscles  many  examples  of  the  delicate  fibrin  network.  The 
physiological  value  of  clotting  is  that  it  stops  hemorrhages  by 
dosing  the  openings  of  the  wounded  blood-vessels. 

Time  of  Clotting, — In  human  blood  the  time  necessary  for  clot- 
ting varies  greatly,  according  to  the  conditions  to  which  the  blood 
18  subjected  after  shedding.  Blood  allowed  to  flow  from  a  wound 
iiito  a  receiving  vessel  may  clot  within  a  few  (3  to  10)  minutes 
leoording  to  the  amount  of  blood  drawn,  the  extent  of  surface 
with  which  it  comes  into  contact,  the  condition  of  the  receiving 
i^wsel,  etc.  The  same  blood  taken  from  a  vein  into  a  clean 
lyringe,  by  the  operation  of  venepuncture,  and  emptied  into  a 
Perfectly  clean  vessel,  may  require  from  30  to  40  minutes  before  it 
dlies  throughout.  If  the  surfaces  with  which  the  shed  blood 
wnes  into  contact  are  coated  with  oil  or  vaseline,  clotting  may  be 
Idayed  for  even  a  longer  time.  These  diflferences  may  be  under- 
tood  when  we  remember  that  clotting  is  a  complicated  process 
rtich  involves  a  series  of  preUminary  changes  or  reactions  in  the 
►lood.  These  latter  reactions  may  be  accelerated  or  retarded 
ceording  to  the  conditions  under  which  the  blood  is  placed.  For 
Bnical  purp>oses  various  simple  methods  have  been  devised  to 
ietermine  the  clotting  time  with  a  drop  or  two  of  blood,  such  as 
asy  be  obtained  by  pricking  the  ear  or  the  finger.*  In  using  such 
Mthods  to  compare  normal  with  pathological  bloods,  it  is  necessary 
0  onploy  always  the  same  method  and  to  keep  the  conditions  as 
niform  as  possible.  Pathological  conditions  are  known  in  which 
ke  coagulation  time  of  the  blood  is  greatly  prolonged.  This  is 
Otably  the  case  in  the  class  of  persons  known  as  bleeders  (hemo- 
liilia),  whose  blood  clots  so  slowly  that  even  small  wounds  often 
use  a  fatal  hemorrhage.     There  is  a  variety  of  this  condition, 

•For  clinical  methods  of  determining  the  coagulation  time  with  a  drop 
two  of  blood,  reference  may  be  made  to  the  manuals  of  clinical  diagnosis. 
)  Addis,  "Quarterly  Journal  of  Exp.  Physiology,"  1908, 1,  305. 
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true  congenital  hemophilia,  which  is  transmissible  by  hereditj'j 
and  it  exhibits  the  interesting  peenharity  that,  bb  a  rule,  it  afl< 
only  the  male,  but  is  transmitte<!  only  through  the  female,  Thsf 
is  to  say,  a  mjm  who  is  hemophilic  does  not  transmit  the  defef 
to  his  sons  or  his  daughters,  but  the  latter  may  carry  the  ddi 
in  a  latent  fomi  and  transmit  it  actively  to  their  sons.  T 
mortality  from  this  condition  is  verj^  high.  On  the  other 
cases  are  knowTi  in  which  the  coagulability  of  the  blood  i;^  m  mi 
augmenteti  that  spontaneous  clotting  occurs  at  places  within 
veins  or  arteries  (thrombosis) »  leading  to  serious  complicatii 
or  even  to  death.  To  throw  light  on  these  cases  it  is  desirabke 
course  to  understand  the  process  of  clotting  jis  fully  as 
The  problem  has  proved  to  be  a  difficolt  and  complex  one. 

General  Statement  of  Problem. — The  clotting  of  blood  is 
a  prominent  phenomenon  that  it  has  attracted  attention  at 
times,  and  a^s  a  result  numerous  theories  t^  account  for  it  have  Ik 
advanced.  Most  of  these  theories  have  now  simply  an  historii 
interest.  In  recent  years  much  ex]7erimental  w^ork  has  lieen  ik 
ujK^n  the  subject,  the  result  of  which  has  been  to  increase  gnesrf 
our  knowledge  of  the  process ;  l>ut  no  complete  explanation  b&«  v 
been  reached.  It  is  generally  admitted  that  the  essential  coa^ti 
uent  of  the  clot — namely,  the  fibrin — is  formed  from  the  tihnntjgi 
normally  pret^^nt  in  the  |>lasma,  and  that>  without  this  fihnvr 
ogen  clotting  is  impossible.  If,  for  instance,  blood  is  heated  to 
00°  C,  a  temperature  sufficient  to  precipitate  the  fibrinogen  as  I 
heat  coagulum,  its  power  of  clotting  is  lost.  Clotting,  therefore,  is 
essentially  a  process  of  the  blood-plasma,  as  was  sliown  indeed  t>y 
the  old  experimenters  (Hewson).  Moreover,  it  is  also  adrnitu4 
that  the  conversion  of  the  soluble  fibrinogen  to  the  insohible  fibrifl 
is  accomplished  by  the  agency  of  a  substance,  known  as  throrato 
or  fibrin  ferment ,  which  is  not  pn*sent ,  in  its  active  form  at  kiA 
in  the  blood  while  in  the  b I ood-v tassels,  but  is  formed  after  tta 
blood  is  shed  or  under  certain  abnormal  conditions  within  tb 
blootl-vessels.  These  two  important  facts  w^e  owe  maSnly  tt 
the  investigations  of  Alexander  Schmidt,*  whose  work  coat 
pleted  the  older  observ^ations  of  Hewson,  Buchanan,  Df«»i 
and  BriJcke. 

Preparation  of  Solutioiis  of  Fibrinogen. — Fibrinogen  tMj 
be  obtaine<l  rear  lily  in  solution  free  from  other  proteins;  by  tbt 
general  method  first  described  by  Hammarsten.  One  may  ttt 
the  plasma  of  horse's  blood  which  has  been  kept  from  ciottini 
by  prompt  cooling,  and  in  which  the  corpuscles  have  been  thro«ft 

•  ''Archiv  f.  Anat.,  Phvsioloi^ie,  ii.  wise.  Mullein/'  Rcirhert  u.  dtt 
Revmorui  1861,  pp.  .545,  075,  and  1862,  pp.  42.H,  53:J;  "Pflu(rer*a  Aid 
d,  gcsamniLe  PhyaioL,"  6,  413,  1872;  "Zur  Blutkhre,''  Leip^g,  1892  atkd 
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down  by  centrifugalizing  or  by  long  standing  at  low  temperature, 
but  it  is  more  convenient,  perhaps,  to  use  cat's  blood  which  has 
been  kept  from  clotting  by  allowing  the  blood,  as  it  escapes  from 
tbe  vessels,  to  run  into  a  solution  of  sodium  oxalate,  using  an 
ttoount  such  that  the  final  mixture  contains  0.1  per  cent,  of  the 
oxalate.  This  mixture  is  centrifugalized,  the  clear  plasma  is  re- 
moved, and  the  fibrinogen  in  it  is  precipitated  by  adding  an  equal 
Ittrt  of  a  saturated  solution  of  sodium  chlorid. 

The  method  in  some  detail  is  as  follows:  After  adding  to  the  clear 
phama  an  equal  bulk  of  a  saturated  solution  of  sodium  chlorid  the  result- 
Bg  precipitate  of  fibrinogen  is  centrifugalized,  the  supernatant  liauid  is 
Pfwred  off,  the  precipitate  is  washed  with  a  little  of  a  half-saturatea  solu- 
te of  sodium  chlond,  and  then  dissolved  with  stirring  in  a  two  per  cent, 
■ohition  of  sodium  chlorid  and  filtered.  This  solution  is  again  precipir 
tftted  by  half-saturation  with  sodium  chlorid,  centrifugalized,  washed,  and 
i&nlved  as  before  in  a  two  per  cent,  solution  of  sodium  chlorid.  The 
proeeBS  is  rq>eated  a  third  time,  and  the  washed  precipitate  is  finally  dis- 
nlred  in  a  one  per  cent,  solution  of  sodium  chlorid.  It  frequently  happens 
•kit  the  third  precipitate  will  not  dissolve  in  the  dilute  sodium  chlorid, 
i&d  in  that  case  a  few  drops  of  a  half  per  cent,  solution  of  sodium  bicar- 
^QBite  may  be  added  to  carry  it  into  solution.  To  get  rid  of  possible 
neei  of  sodium  oxalate  the  solution  may  be  dialyzed  for  some  hours  in  a 
■oOodion  sac,  against  a  one  per  cent,  solution  of  sodium  chlorid. 

A  solution  of  fibrinogen  prepared  as  above  clots  readily  upon 
lie  addition  of  blood-serum  or  of  other  solutions  containing 
bombin,  and  if  the  preparation  has  been  entirely  successful,  a 
jaiuine  clot,  that  is,  the  precipitation  of  the  fibrinogen  in  gelatin- 
w  form,  cannot  be  obtained  from  it  by  any  other  means.  As  a 
oatter  of  fact,  solutions  of  fibrinogen  prepared  as  described  some- 
imes  clot,  although  much  more  slowly,  when  instead  of  a  throm- 
in  solution  one  adds  a  little  calcium  chlorid  or  a  solution  con- 
■iDing  calciimi  chlorid  and  sodium  bicarbonate  in  about  the 
■oportion  found  in  a  Ringer's  mixture.  This  latter  fact  indicates 
hit  the  fibrinogen  solution  in  such  cases  contains  a  trace  of  some 
literial  from  which  thrombin  may  be  produced .  In  all  probability 
his  material  is  the  antecedent  form  of  thrombin,  that  is,  so-called 
lottirombin,  which,  as  we  shall  see,  is  converted  to  thrombin  by 
he  action  of  calcium  salts. 

Preparation  and  Properties  of  Thrombin. — Thrombin,  or  so- 
iDed  fibrin  ferment,  is  prepared  readily  by  the  method  first  de- 
sibed  by  Schmidt.  Blood  is  allowed  to  clot,  and  the  serum  is  then 
recipitated  by  the  addition  of  a  large  excess  of  alcohol  (usually 
leaty  volimies).  After  standing  some  days  or  weeks  the  pre- 
pitate  is  drained  off  and  dried,  and  is  then  ground  up  and  ex- 
leted  with  water.  The  aqueous  extract  contains  proteins, 
Its,  and  other  things  in  addition  to  the  thrombin.  A  solution 
ide  in  this  way  causes  a  prompt  coagulation  when  added  to 
idution  of  pure  fibrinogen.     That  the  thrombin  thus  obtained 
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ifi  not  present  as  such  in  normal  blood,  but  is  formed  after  !$hl 
ding,  is  indicated  by  the  fact  that  if  the  animal's  blood  is  alloi 
to  flow  directly  from  the  artery  into  a  large  bulk  of  alcohol, 
care  being  taken  in  the  process,  the  precipitate  thus  obtsdnedwl 
subsequently  dried  and  extracted  with  water  yields  little  or' 
thrombin. 

Another,  perhaps  simpler,  method  of  obtaining  a  strong;  p4 
aration  of  thrombin  is  to  treat  fibrin  with  an  8  per  cent,  solutioi 
sodium  chlorid  (Buchanan-Gamgee).  Fibrin  obtained  hoU 
slaughter-house  is  washed  thoroughly  in  running  water  until 
hemoglobin  is  removed,  and  is  then  minced  and  extraetetl  at  il 
temperature  with  the  strong  salt  solution  for  several  da}%  ^ 
filtered  extract  is  rich  in  thrombin,  but  contains  also  large  amoi 
of  dissolved  protein.  Starting  with  such  an  extract  the  autl 
has  shown  that  by  repeated  shakings  with  chloroform  the  co« 
al^le  proteins  present  in  the  extract  may  be  removed  eompk 
and  the  thrombin,  in  diminished  quantities,  be  left  behim 
apparently  pure  condition.  Observations  made  upon  preparati 
of  thrombin  purified  as  just  described  show  that  it  has  the  foil 
ing  properties:  it  is  ver>'  easily  soluble  in  water,  it  is  not  coagud 
by  boiling,  it  is  precipitated  wuth  tlifficulty  by  alcohol  in  eau 
it  is  precipitated  uninjured  by  half-saturation  with  ammoil 
sulphate,  it  responds  to  a  number  of  the  ordinary  protein  U 
Buch  as  the  biuret,  the  Milion's,  and  especially  the  tnTitop 
(Adamkiewiez)  reaction.  We  may  conclude,  therefore,  that  in 
probability  thrombin  is  a  protein  substance.  The  evidence 
hand  indicates  that  thrombin  as  such  does  not  exist  in  the 
culating  blood,  but  is  present  probably  in  an  antecedent  or  il 
tive  form  known  as  prothrombin  or  thrombogen.  When  the  bl 
is  shed,  or  under  certain  abnormal  conditions  w^hile  circulati^ 
the  vessels,  the  prothrombin  is  changed  or  activated  to  throm 
The  nature  of  this  change  is  discussed  below.  Once  the  throu 
exists  in  active  condition  it  exhibits  the  remarkable  propert] 
precipitating  the  fibrinogen  in  the  form  of  a  gelatinous  clot, 
essential  part  of  the  clot  being  a  network  of  threads  of  fibrin. 

Nature  of  the  Action  of  the  Thrombin  on  Fibrinogen.— 8 
tions  of  fibrinogen  may  be  precipitated  readily  in  a  nuralxTof  m 
but,  so  far  jis  knowut  only  thrombin  is  capable  of  precipitatia 
in  the  peculiar  way  nec€»ssary  to  form  a  gelatinous  clot. 
nature  of  this  reaction  is  obscure.  The  usual  view  in  physicJi 
is  that  first  suggested  l\y  Schmidt,  namely,  that  the  throiDti 
an  enzyme  or  fennent,  fibrin  ferment.  If  this  view  is  correct,  i 
in  accordance  with  our  idea  of  the  way  in  which  ferments  ifit| 
thrombin  should  not  be  used  up  in  the  reaction,  but  should 
♦  Howoilj  "American  Jqurnal  of  Physiology,"  26,  453,   1(>10, 
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>ver  and  over  again,  converting  new  fibrinogen  to  fibrin.  Moreover, 
he  fibrin  on  this  view  should  be  formed  entirely  from  the  fibrinogen, 
nee  the  thrombin,  if  a  ferment,  does  not  constitute  a  part  of  the 
nal  product.  Several  specific  hypotheses  have  been  proposed  to 
[plah  the  nature  of  the  change  undergone  by  the  fibrinogen 
its  conversion  to  fibrin.  It  has  been  suggested  that  the  fibrino- 
n  undergoes  a  hydrolytic  cleavage,  with  the  formation  of  the 
wluble  fibrin,  on  the  one  hand,  and  a  soluble  "  fibrin  globulin," 
.  the  other;  or  that  the  molecular  state  of  the  fibrinogen  undergoes 
change  similar  perhaps  to  that  caused  by  heating,  whereby  an 
loluble  product  is  formed.  These  and  similar  hypotheses  have 
t  been  supported  by  experimental  evidence,  and,  indeed,  a  number 
observers  from  time  to  time  have  questioned  the  fundamental 
It  of  such  theories,  namely,  the  belief  that  thrombin  acts  like  a 
ment.  Elxperiments  indicate  that,  unlike  the  ferments  in  general, 
rombin  under  certain  conditions  withstands  the  temperature  of 
Oing  water,  and,  again,  unhke  the  ferments,  a  small  amount  of 
rombin  allowed  to  act  upon  fibrinogen  produces  a  fixed  amount 
fibrin  which  does  not  increase  with  the  time  during  which  the 
lombin  is  allowed  to  act.  It  has  been  suggested,  therefore, 
an  alternative  hypothesis  that  the  thrombin  and  fibrinogen 
m  a  combination  of  a  physical  or  physico-chemical  character 
lich  results  in  their  mutual  precipitation  as  fibrin  (Nolf).  Such 
heory  is  in  accord  with  the  fact  that  freshly  formed  fibrin  when 
ejected  to  prolonged  washing  with  water  gives  ofif  little  or  no 
!ombin,  but  when  subsequently  treated  with  solutions  of  sodium 
lorid  (8  per  cent.)  a  portion  of  it  goes  into  solution  and  this 
Qtion  is  rich  in  thrombin. 

The  Influence  of  Calcium  Salts  in  Coagulation. — Many  ob- 
vers  have  called  attention  to  the  fact  that  calcium  salts  in 
tain  concentrations  influence  favorably  the  coagulation  of  blood. 
5  owe  to  Arthus  and  Pag6s,  however,  the  proof  that  calcium 
tfl  are  essential  to  the  process  of  normal  coagulation.  These 
servers  showed  that  freshly  drawn  blood  allowed  to  flow  into 
oxalate  solution,  in  amounts  such  that  the  final  concentration 
oxalate  is  not  less  than  0.1  per  cent.,  will  remain  unclotted  in- 
initely,  but  may  be  made  to  clot  at  any  time  by  the  addition 
a  suitable  amount  of  calcium  salt.  That  this  effect  is  not  due 
an  excess  of  the  added  oxalate  is  proved  by  the  fact  that  the 
Jated  blood  or  the  plasma  obtained  from  it  by  centrifugali- 
bn  may  be  dialyzed  against  a  large  bulk  of  solution  of  sodium 
nid,  0.9  per  cent.,  until  the  excess  of  oxalate  is  removed. 
8  dialyzed  plasma  will  remain  unclotted  indefinitely,  but 
^ates  promptly  upon  the  addition  of  small  amounts  of  cal- 
3  chlorid.  It  has  been  shown  quite  conclusively  by  Ham- 
29 
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niarsteti  that  the  calriurn  is  not  clirertly  t'oneemecl  in  tl 
version  of  the  fibrinogen  to  fibrin;  the  thrombin  ii?  able  ti 
this  change  hi  the  absence  of  calcium*  The  diaiyzed  o 
plasma  spoken  of  above  is  rea*iily  clotted  if  some  thrombi 
tion  free  from  calemm  salts  is  added  to  it.  The  role  of  the  { 
lies  in  the  part  that  it  takes  in  the  conversion  of  the  proth 
to  thrombin.  Accortling  to  the  terminology*  used  at  pres 
may  say  that  calcium  is  necessary  for  the  activation  of  the 
bin.  In  the  oxalated  plasma  fibrinogen  and  prothrombin  i 
tive  thrombin  are  present,  and  the  addition  of  calcium  salt 
Bimplj^  to  convert  the  prothrombin  to  thrombin.  We  n 
lieve  that  this  reaction  occurs  always  in  the  initial  stages  of 
clotting. 

Influence  of  Tissue  Extracts  Upon  Coagulation* — .\not 
portant  consideration  in  the  normal  clotting  of  blood  is 
fluence  of  extracts  of  tissues  u|K)n  the  rapidity  of  the  | 
Many  observers  have  show^Ti  that  certain  suljstances  are  coi 
in  the  tissues  in  general,  including  the  blood-corpuscles, 
tend  to  accelerate  the  process  of  clotting.  Artbus,  for  63 
found  that  blood  t-aken  directly  from  the  artery  of  a  H 
through  a  clean  tul>e  will  clot  within  a  certain  time,  while  if  i 
to  flow  first  over  the  wounded  surface,  as  happens  under 
conditions,  the  time  of  clotting  is  much  accelerated,  1 
fluenee  of  the  tissues  is  shown  in  an  extreme  way  when  we  t 
the  blood  of  the  lower  vertebrates,  the  birds,  reptiles^  anc 
If  i>loo<l  is  drawii  from  an  artery  of  one  of  these  animals  1 
a  clean  tuljc  it  clots  with  great  slowness.  If  such  a  stped 
blotxl  is  centrifugalized  promptly  the  supernatant  plasma 
pipetted  off,  may  remain  unclottetl  for  many  hours  or  fail 
at  alL  li\  however,  the  drawn  blood  or  the  centrifugalized 
m  mixed  with  an  extra(*t  from  tlie  animal *s  tissues,  the  n 
for  example,  it  will  clot  mthin  a  few  minutes.  Tliis  is,  of 
what  happens  in  such  animals  when  wounded.  The  m 
bkx^d  oozes  over  tht*  cut  surface  ami  clotting  occurs  pft 
Manunaliim  IiIockI  differs  from  that  of  the  lower  vertebi 
that  it  clots  within  a  short  time,  even  if  kept  from  cor 
contact  with  the  injured  tissues,  iind  this  difference  may 
plainecl  on  the  view  that  the  accelerating  substance  fu 
by  the  tissues  in  the  lower  vertebrates  is  supplied  in  t 
of  the  mammal  by  the  coriiuscles  in  its  own  bloody  mos 
ably  by  the  platelets  which,  as  is  well  know^i,  disii 
very  rapidly  when  the  blood  is  she<L  The  manimaliai 
(dog)  may,  however,  be  brought  into  the  condition  of  thi 
blood  very  ea&ily  by  the  so-called  process  of  ix^ptoniaati^ 
is  to  say,  by  injecting  rapidly  into   the  circulation   a 
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amount  of  a  solution  of  Witte's  peptone  (see  below,  Antithrombin). 
If  the  injection  is  successful,  the  blood  when  drawn  remains  fluid 
for  many  hours,  and,  if  promptly  centrifugalized,  the  plasma  may 
fail  entirely  to  clot.    In  such  cases  the  addition  of  tissue  extracts 
may  cause  clotting  within  a  few  minutes,  as  in  the  case  of  the  bird's 
Wood.   The  substance  or  substances  in  the  tissues  which  exhibit 
thisaccelerating  influence  upon  clotting  have  received  various  names 
frwn  different  observers  in  accordance  with  the  special  theory  of 
coagulation  advocated.    They  have  been  called  zymoplastic  sub- 
stances, thromboplastic  substances,  coagulins,  cytozyms,  thrombo- 
kinase,  etc.      It  is  perhaps  most  convenient  to  speak  of  them  in 
general  as  thrombaplastic  stibstancesy  since  this  term  does  not  com- 
mit us  to  the  manner  of  their  action,  but  simply  implies  that  they 
are  of  importance  in  the  formation  of  the  clot.     It  has  long  been 
known  that  thromboplastic  substance  may  be  extracted  from  the 
tisBues  by  the  action  of  ether,  or  of  alcohol  and  ether,  and  the 
author*  has  shown  that  the  active  substance  in  the  ether  extracts 
IB  one  of  the  phosphatids,  corresponding  apparently  to  the  fraction 
irhich  has  been  designated  as  kephalin.    The  closely  related  lecithin 
kas  no  thromboplastic  power.     In  aqueous  extracts  of  the  tissues 
the  kephalin  is  held  in  solution  in  combination  with  a  protein 
^ch  is  precipitated  at  a  temperature  of  60°  C.     It  is  probable 
that  this  kephalin-protein  constitutes  the  active  thromboplastic 
cobstance  of  the  tissues.     As  regards  the  manner  in  which  it  par- 
ticipates in  the  process  of  clotting  two  opposing  views  have  been 
])n^)08ed.    According  to  the  theory  of  Morawitz  (see  next  para- 
fn^)h)  it  is  concerned,  together  with  the  calcium,  in  activating  the 
Iirothrombin  to  thrombin,  and,  indeed,  is  necessary  to  this  reaction. 
Jkccording  to  Howell  its  function  lies  in  neutralizing  the  action  of 
intithrombin,  hence  its  effectiveness  in  causing  the  clotting  of 
pqytone-plasma  or  bird's  plasma,  lx)th  of  which  owe  their  relative 
ineoagulability  to  the  presence  of  an  excess  of  antithrombin. 

Theory  of  Coagulation. — Modern  theories  of  coagulation,  with 
•ome  exceptions  (Wooldridge,  Nolf),  accept  as  their  starting-point 
the  fact  that  fibrin  is  formed  eventually  by  the  action  of  thrombin 
vpofn  fibrinogen.  The  various  theories  proposed  differ  from  one 
another  largely  in  their  explanation  of  the  origin  of  the  thrombin 
and  of  the  parts  taken  by  the  calcium  and  the  thromboplastic 
nbstances  in  the  process  of  clotting.  The  simplest  of  these 
Ihemes  assumes  that  the  prothrombin  in  the  blood  arises  from  the 
encocytes  and  blood-plates  and  is  activated  to  thrombin  by  the 
alcium,  the  thrombin  then  reacting  with  the  fibrinogen.  The 
lieoiy  which  seems  to  be  most  generally  accepted  at  present  is 

•  Howell,  "American  Journal  of  Physiology,"  31, 1,  1912. 
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that  f^roposed  indi'pendently  l>y  Morawitz*  and  by  Fuld  and  8 
Using  the  terminology  of  Morawitz,  this  theory  assumes  thi 
thrombin  is  present  in  the  blfjod  in  an  inactive  form  whi 
tlesignates  as  thromhogen.  To  convert  this  thrombogen 
thrombin)  to  thrombin  retiuires  the  action  both  of  calcium 
and  of  an  organic  throm  bop  lactic  substance  which  he  desij 
as  a  kinase  or  thrombokina.sc*  Tliromljokinase  is  furnished  I 
tissue-cells  in  general^  especially  hy  thase  rich  in  nucleiti»  I 
furnishcHi  als<j  by  the  cellular  elements  of  the  blood.  In  til 
culating  blood  calcium  salts  and  thrombogen  are  present,  fa 
kinase.  When  the  blood  is  sheti  the  disintegration  of  the  pla 
and  leucoc>i:es,  in  mammalian  blood,  or  of  the  cells  of  the  woi 
tissues  in  the  blood  of  the  lower  vertcljrates,  liberates  thrc 
kinase,  which  then,  in  combination  with  the  calcium,  converl 
throml>ogen  to  thrombin.  The  theory  may  be  expressed  it 
grammatic  fonn  as  follows:  ^m 


CclJuliir  elements  — ♦  thrombokinase 

Thrombokinasc  -t-  calf 'mm  +  thrombogen  —  thrombin 

Thrombin    +  fibrinogen  =  fibrin. 


m 


The  theorj'  explains  very  well  many  of  the  most  si; 
facts  known  in  regard  to  clotting,  but  it  may  be  said  tliat  ihi 
tral  feature  of  the  theory,  the  existence  of  an  organic  kinaai 
not  been  supportefl  by  direct  experimental  evidence.  The  a' 
hai>  been  led  by  his  own  work  J  tt*  n  tlopt  a  different  point  of 
which  may  t>e  expressed  l>riefly,  as  follows:  Prothrombin  mi 
converted  to  active  thrombin  by  the  action  of  calcium  i 
This  activation  does  not  occur  in  the  circulating  blood  beeau 
antithrombin  is  present  in  amounts  sufficient  to  prevea; 
reaction.  In  shed  blood  the  tissup-cclls  or  the  cells  of  the 
(platas)  furnish  a  thrombo]>lastie  substance  (kephalin-pn 
which  neutralizes  the  action  of  the  antithrombin  and  thus  pe 
the  calcium  to  react  with  the  protlirombin  to  form  throi 
which  in  turn  reacts  with  the  fibrinogen  to  form  fibrin, 
theories  assume  that  the  process  of  clotting  in  shed  bio 
initiatcHl  by  the  production  of  a  new  substance,  the  thrombop 
substance,  furnished  l>y  tlie  cells  or  blood'Corpu^cles  (pi 
but  on  one  \iew  this  substance  act^  as  a  kinase  which  partic} 
directly  in  the  conversion  of  prothrnml>in  to  thrombin,  wh 
the  other  \iew  the  substance  permits  this  conversion  to 
indirectly  by  neutralizing  the  oppi>sing  antithrombin. 

•  Mora  wit  z,  Hofmeister's  "Beitr&ge/'  5,  133»  1904,  and  **An?li. 
Med.;'  7%  1. 

t  Fult!  ami  Spiro,  **Hofmeistor'H  BeitrfiKe;'  5,  174,  1904, 

i  Howell,  loc.  ciL  aod  '* American  Jotimal  of  l^hysiology/*  29,  18 
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Why  Blood  Does  Not  Clot  Within  the  Blood-vessels.— Anti- 
(hroodbjn.— The  specific  explanation  of  the  fluidity  of  the  blood 
within  the  vessels  must  vary,  of  course,  with  the  theory  of  coagula- 
tion that  is  adopted.    In  general,  it  may  be  stated  with  confidence 
that  the  circulating  blood  contains  no  active  thrombin,  or  at  least 
not  enough  to  clot  the  blood,  and  the  real  difficulty  we  have  to  ex- 
plain is  how  the  prothrombin  is  kept  in  an  inactive  state  through- 
oat  life.    According  to  Morawitz,  everything  turns  on  the  fact 
that  thrombokinase  is  absent.    If  the  cellular  elements  disinte- 
grate in  the  circulation,  it  is  a  gradual  process  and  does  not  occur 
en  masse,  as  is  the  case  in  shed  blood.    This  explanation  is  satis- 
factory so  far  as  it  goes,  but  it  requires  the  acceptance  of  the  kinase 
idea,  which  has  not  been  demonstrated,  and  it  does  not  account 
very  well  for  the  fact  that  large  amounts  of  tissue  extracts  may  be 
injected  into  the  circulation  without  causing  intravascular  clotting. 
Another  point  of  view  is  that  the  prothrombin  is  kept  inactive 
and  the  normal  fluidity  of  the  blood  is  maintained  by  the  constant 
presence  of  an  antithrombin.    That  such  a  substance  does  exist  in 
the  blood  may  be  demonstrated  by  direct  experiments.     It  has 
kng  been  known  that  extracts  of  the  leech's  head  yield  a  soluble 
protein  which  has,  to  a  marked  degree,  the  property  of  preventing 
the  clotting  of  blood.    This  substance  is  made  in  quantity  for 
<3q)erimental  work,  and  is  sold  under  the  name  of  hirudin.*    It 
has  been  shown  that  this  substance  prevents  thrombin  from  acting 
Tq)on  fibrinogen,  and  in  this  sense,  therefore,  it  is  an  antithrombin. 
Moreover,  the  incoagulability  of  the  blood  of  a  so-called  peptonized 
iog  is  due  to  the  presence  in  the  blood  of  the  same  or  of  a  similar 
aobstance,  which,  according  to  the  evidence  at  hand,  is  secreted 
by  the  fiver.    When  peptonized  plasma  is  added  to  a  mixture  of 
thrombin  and  fibrinogen,  the  normal  action  of  the  thrombin  is 
prevented,  but  if  the  peptonized  plasma  is  first  heated  to  80°  and 
filtered  from  the  heat  coagulum  formed,  the  filtrate  no  longer  has 
a  restraining  influence  upon  the  action  of  thrombin.     Evidently 
the  soK^ed  peptonized  plasma  contains  a  something  which  an- 
tlgonizes  the  acton  of  thrombin,  and  the  antagonistic  reaction  is 
of  a  quantitative  kind,  that  is  to  say,  a  fixed  amount  of  the  peptone 
plasma  will  antagonize  the  action  of  a  definite  amount  of  thrombin. 
TWs  substance  in  the  peptonized  plasma  behaves  exactly  like  the 
Itinidin  of  the  leech  extract,  and  it  is  probable,  therefore,  that  it  is 
a  definite  antithrombin.     Moreover,  by  similar  experiments  with 
the  incoagulable  plasma  of  the  bird  or  with  the  oxalated  plasma  of 
the  mammal  it  can  be  shown  that  these  bloods  also  contain  anti- 
thrombin.    In  the  bird's  blood  this  substance  is  present  in  larger 
unounts  than  in  the  mammalian  blood,  but  the  evidence  at  hand 
♦  Frana,  "Archiv.  f.  exper.  Path.  u.  Pharmak/'  49,  342,  1903. 
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indicates  that  circulating  h!ood  contains  constantly  so 
thrombin  and  that  this  amtmnt  may  be  increased  unde 
conditions,  for  exampk*,  by  the  injection  of  solutionB  a 
peptone  into  the  blood-ves?^els.  Rejajarding  the  seat  of  t 
of  the  antithromiiin.  there  is  not  much  exact  informatioi 
zeniiv,  Nolf ,  and  others  have  published  experiments  whicl 
that  it  is  formed  in  the  hver  and  there  is  evidence  that 
diiccii  norrually  in  the  uterus  at  the  time  of  menstruatioi 

Metathrombin. — In  the  serum  of  blood  after  clottiii 
formed  thrombin  exists,  but  it  has  been  stated  that  the 
of  this  thrombin  may  be  increased,  for  example,  by  the 
alkalies  or  acids.  On  tliis  account  it  has  been  inferred 
activation  of  the  prothrombin  (or  thrombogen)  in  the  init 
of  clotting  does  not  affect  the  whole  .supph^  of  thiti  f 
present  in  the  blood,  and  that,  after  coagulation  is  cc 
both  thrombin  and  a  substance  known  as  fmtaihrombin  i 
in  the  serum.  Whether  or  not  this  conclusion  is  correi 
been  shown  qniie  concliJsivel>'  that  the  amount  of  thn 
the  serum  diminishes  on  standing,  more  rapidly  appa 
some  sera  than  in  others,  so  that  in  an  old  serona  Utl 
active  thrombm  may  l>e  found.  Fuld  and  Spiro  and  also] 
have  shown  tiiat  an  old  serum  may  l)e  restored  to  it«  full 
power  if  it  is  treated  for  a  short  period  with  an  ec^ual  v 
decinorma!  solution  of  alkali  or  acitl,  the  mixture  being  i 
brought  to  a  neutral  reaction.  This  result  is  explainer 
hypothesis  that  the  thrombin  also  passes  on  standing  ii 
thrombin,  which  is  capable  of  being  changetl  to  active 
by  the  action  of  alkalies  or  acids. 

Intravascular  Clotting, — As  is  well  knowTi,  clots 
within  the  blood-vessels  in  consequence  of  the  introductii 
eign  material  of  any  kind.  Air,  for  instance,  that  has  gc 
the  veins,  if  not  absorbed,  may  act  as  a  foreign  subst 
cause  the  same  chain  of  events  as  when  the  blood  is  shed,- 
the  disintegration  of  formed  elements,  formation  of  throo 
clotting.  So  also  when  the  intenial  coat  of  a  blood-vej 
jured,  as,  for  instance,  by  a  ligature,  tlie  altered  endoth 
act  as  a  foreign  substance.  If  the  circulatory  conthtions  i 
able — for  iastance,  if  the  ligated  artery  causes  a  stasis  of 
that  point — there  may  l)e  an  agglutination  of  the  bloc 
starting  at  the  injured  surface,  and  tlie  subsequent  formi 
clot.  Intravascular  clotting  may  also  be  produced  by  the 
of  various  substances.  From  our  knowledge  of  the  fac 
cernexl  in  coagulation  we  should  suppose  that  the  nomifl 

*8ee  Doyon.  '*C.  r.  de  In  soc.  d*-  Biologie,"  1911-1912;   aM 
'*Biochemiscbe  Zeit^chrift,'*  38,  tm,  1912. 
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of  the  blood  might  be  overthrown  in  one  of  two  general  w^ys, 
by  injecting  active  thrombin  or  by  injecting  extracts  of  the  tissues 
(thromboplastic  substance).  As  a  matter  of  fact,  intravascular 
dotting  may  be  produced  by  either  of  these  methods,  but  experi- 
ments have  developed  the  somewhat  unexpected  result  that  the 
blood  or  the  body  can  protect  itself  within  wide  limits  from  the 
effects  of  such  injections.  Solutions  of  pure  thrombin,  or  serum 
or  defibrinated  blood  containing  active  thrombin,  may  be  intro- 
duced into  the  circulation  in  quantities  that  outside  would  suflSce 
to  clot  the  whole  mass,  and  yet  no  harm  be  done.  The  explana- 
tioii  of  this  negative  result,  according  to  the  author's  experiments, 
18  that  the  excess  of  thrombin  within  the  living  animal  causes  the 
foimation  of  a  compensatory  amount  of  antithrombin,  probably 
by  a  protective  reflex  secretion.  Tissue  extracts  or  solutions  of 
the  precipitated  thromboplastic  substance  (Wooldridge)  cause 
elotting  more  readily,  but  here  again  injections  of  this  kind,  instead 
of  hastening  the  clotting  of  blood,  may  at  times  have  just  the 
OHXMte  effect,  giving  what  older  observers  called  the  "negative 
phase  of  the  injection."  On  the  other  hand,  when  the  coagulability 
of  the  blood  is  diminished  experimentally  by  injecting  antithrom-. 
bin  (hirudin)  directly,  or  by  causing  the  body  to  produce  an  excess 
of  antithrombin  within  itself  (injection  of  Witte's  peptone)  the 
effect  soon  passes  oflF;  the  excess  of  antithrombin  is  removed  by 
wne  procediu^  which  is  not  yet  understood.  It  may  be  pointed 
wt  that  these  attempts  to  devise  methods  by  means  of  which  the 
Boagulability  of  the  blood  may  be  controlled  have  a  practical 
bearing  in  their  application  to  pathological  conditions  in  which 
le  balance  is  already  disturbed  in  the  direction  of  an  increased 
ir  decreased  coagulability. 

Means  of  Hastening  or  of  Retarding  Coagulation. — Blood 
coagulates  normally  within  a  few  minutes,  but  the  process  may  be 
llastened  by  increasing  the  extent  of  foreign  surface  with  which  it 
somes  in  contact.  Thus,  agitating  the  liquid  when  in  quantity,  or 
the  application  of  a  sponge  or  a  handkerchief  to  a  wound,  hastens 
fce  onset  of  clotting.  This  is  easily  understood  when  it  is  remem- 
Jtted  that  the  breaking  down  of  leucocytes  and  blood-plates  is 
^Mtened  by  contact  with  foreign  surfaces.  It  has  been  proposed 
fco  to  hasten  clotting  in  case  of  hemorrhage  by  the  use  of  throm- 
bi solutions  or  of  tissue  extracts  containing  some  thromboplastic 
ibetance.  Hot  sponges  or  cloths  applied  to  a  wound  hasten 
>tting,  probably  by  accelerating  the  formation  of  thrombin  and 
J  chemical  changes  of  clotting.  Coagulation  may  be  retarded 
be  prevented  altogether  by  a  variety  of  means,  of  which  the 
owing  are  the  most  important : 

1.  By  Cooling, — This  method  succeeds  well  only  in  blood 
t  clots  slowly — for  example,  the  blood  of  the  horse,  bird,  or 
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terrapin.     Blood  from  these  animals  received  into 
gurrounded  hy  crushed  ice  may  he  kept  fiuid  for  an  k 
time.     The  hiood  corpuscles  soon  sink,  .so  that  hy  thi 
one  may  readily  obtain  pure  blood-plasma.    The  coulic 
prevents  clotting  by  keeping  the  corpuscles  intact. 

2.  Bff  the  Action  of  Neutral  Salts, —  Blood  receivi 
from  the  blood-vessels  into  a  solution  of  such  neutral 
sodium  sulphate  or  magnesium  sulphate,  and  well  raiii 
not  clot.  In  this  case  also  the  corpuscles  settle  slowly, 
may  be  centrifugalized,  and  specimens  of  plasma  be  a 
For  this  purpose  horses'  or  cats*  blootl  is  to  be  preferred 
plasma  is  known  as  "salted  plasma";  it  is  frequently 
experiments  in  coagulatiim — for  example,  in  testing  the 
of  a  given  thrombin  solution.  The  best  salt  to  use  is  nia 
sulphate  in  solutions  of  27  per  cent,:  1  part  by  volume 
solution  is  usually  mixed  with  4  parts  of  blood;  if  cats* 
used,  a  smaller  amount  may  be  taken — 1  part  of  the  sol 
9  of  blood.  Salted  plasma  or  salted  blood  again  cla 
diluted  sufficiently  with  water  or  when  thrombin  solut 
added  to  it.  Since  the  action  of  thrombin  on  fibrinogei 
prevented  by  neutral  salts  in  these  concentrations,  while 
lated  plasma  whicli  clots  readily  on  the  addition  of  ca 
prevented  from  so  clotting  when  sodium  chlorid  or  ma 
sulphate  is  added  previously  to  a  concentration  of  4  or  5  p 
it  follows  that  in  all  probability  the  neutral  salts  exert  a  res 
effect  on  the  process  of  clotting  because  they  prevent  or  re 
activation  of  the  prothrombin  by  the  calcium. 

3.  By  tht  Action  of  Oxalate  Solutions, — ^If  blood  as  it  flc 
the  vessels  is  mixed  with  solutions  of  potassium  or  sodium 
in  proportion  suffieient  to  make  a  total  strength  of  d.l  | 
or  more  of  these  salt^s^  coagulation  is  prevented  entire 
dition  of  an  exceas  of  water  does  not  produce  clotting  in  t 
but  solutions  of  some  soluble  calcium  salt  quickly  start  the 
The  explanation  of  the  action  of  the  oxalate  solutions  is 
they  are  supposed  to  precipitate  the  calcium  as  insolubto 
oxalate.  m 

4.  By  tM  Action  of  SofHiim  Fluond.—Blood  drawn  dffl 
a  solution  of  sodium  fluorid  does  not  clot*  Addition  of  t 
to  this  fluorid  blood  causes  clotting,  while  calcium  s 
usually  stated  to  be  witliout  effect.  As  a  matter  of  fact. 
salts  cause  a  precipitate  of  a  portion  of  the  protein,  and 
cautiously  in  excess  they  induce  clotting,  as  in  the  cas- 
oxaiated  blood.  The  fluorid  plasma  may  be  made  to  i 
by  dialysis.  We  may  believe  that  the  fluorid,  like  the 
prevents  clotting  by  removing  the  calcium.  The  calciui 
precipitated,  but  is  held  bound  as  a  fluorid  in  combinat 
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wrtion  of  the  protein  (Rettger).  Coagulation  is  prevented  in  a 
Hilar  way  by  solutions  of  sodium  citrate  or  sodium  metaphos- 
ate. 

5.  By  the  Injection  of  Certain  Organic  Substances. — ^There  are  a 
nber  of  substances  which  when  injected  into  the  blood  retard 
prevent  its  coagulation.  For  instance,  solutions  of  ordinary 
parations  of  pepsin,  trypsin,  peptone,  snake  venom,  leech 
racts,  etc.  Snake  venom  may  be  wonderfully  potent  in  this 
ticular;  it  is  stated  that  so  little  as  0.00001  gm.  to  each  kilogram 
mimal  suffices  to  destroy  the  coagulability  of  the  blood.  Of 
e  various  bodies  solutions  of  peptone  have  received  the  most 
ntion  from  investigators.  Peptone,  as  usually  obtained  by 
stion  experiments,  is  in  reality  a  mixture  of  proteoses  and 
oneBk  When  injected  into  the  circulation  in  the  proportion  of 
;m.  to  each  kilogram  of  animal  the  coagulability  of  the  blood  is 
greatly  diminished  for  a  brief  period  of  half  an  hour  or  more, 
n,  however,  such  solutions  are  added  to  freshly  drawn  blood 

exercise  no  influence  upon  the  coagulation.  Evidently, 
sfore,  when  injected  into  the  blood  they  provoke  a  reaction  of 
)  sort,  the  products  of  which  prevent  coagulation.  As  stated 
le  preceding  paragraphs,  the  blood  of  the  peptonized  animal 

V  upon  examination  the  presence  of  an  increased  amount  of 
hrombin,  and  doubtless  the  loss  or  diminution  in  the  coagu- 
ty  (A  the  blood  is  due  to  the  excess  of  this  substance.  We  may 
ve,  therefore,  that  the  peptone  solution  has  in  some  way,  di- 

Y  or  indirectly,  stimulated  the  body  to  produce  antithrombin. 
and  Spiro*  have  shown  that  this  action  of  peptone  solutions^is 
faie  to  the  peptone  or  the  albumoses  contained  in  it.  When 
ined  in  purified  form  these  substances  have  no  such  effect. 
^  attribute  the  action  to  a  substance,  derived  probably  from 
isBues  used  in  the  preparation  of  the  peptone,  and  for  which 
suggest  the  name  of  peptozym. 

I  obtaining  so-called  peptone  plasma  by  injecting  solutions  of  Witte's 

06,  of  the  strength  named,  into  the  arteries  of  a  dog  it  happens  sometimes 
I  negative  result  is  obtained.  Some  specimens  of  Witte's  peptone  are 
ve  and  some  are  not.  This  fact  accords  with  the  results  of  the  investi- 
1  made  by  Pick  and  Spiro  in  indicating  that  the  reaction  is  not  due  to  the 
les  or  proteoses,  but  to  some  unknown  conJstituent  present  which  may  be 
led  as  an  impurity. 

sech  extracts  differ  from  solutions  containing  peptozym  in 
;hey  prevent  the  clotting  of  the  blood  when  added  to  it  out- 
!ie  body.  They  evidently  contain  already  formed  a  substance 
J  action  prevents  coagulation.  This  substance  is  secreted  by 
Jivary  glands  of  the  leech.  It  has  been  prepared  from  the 
I  in  a  more  or  less  pure  form,  and  is  designated  as  hirudin. 
body  belonging  apparently  to  the  groups  of  albumoses  and 
•  "  Zeitechrift  f.  physiol.  Chemie,"  31,  235,  1900. 
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is  supposed  to  antagonize  the  action  of  thrombin.  As  statM  iM 
hirudin  is  probably  iclentiral  with  or  similar  to  the  antithrodj 
which  occurs  normally  in  eireukiting  bloorl.  ' 

Total  Quantity  of  Blood  in  the  Body,— The  total  quantity 
blood  ill  the  body  has  been  determined  approximately  for  i 
and  a  number  of  the  lower  animals.  Tlie  method  (Welcfc 
used  in  such  determinations  consists  essentially  in  first  bleed! 
the  aninial  as  thoroughly  as  possible  and  weighing;  the  qii«4 
of  blood  thus  obtained,  and  afterward  washing  out  the  blfl 
vessels  with  water  and  estimating  the  amount  of  bemog}<| 
in  the  washings.  1 

Gr^hant  {/'JounrnJ  de  l*Anat.  et  de  Physiol./'  1882,  564)  haa  deviHi 
other  methtni  wlueli  ruav  ^e  used  upnfi  the  living  animal,  lui  fdlM 
specimen  of  t>io<>d  ia  taken  from  the  animal  and  the  volume  per  etf 
oxyeen  i^  determined  l>y  extraction  with  a  gas-pump.  The  ammal  m 
made  to  breiithe  a  known  volum^e  of  carbon  monoxid  for  a  certain  tiiiil 
the  total  amount  of  this  carbon  monoxid  that  is  absorbed  ia  aAecrtaial 
analysis.  A  second  speeimi^n  of  blood  ia  then  taken  and  it«  volume  p«i 
in  oxygen  is  a^ain  determined.  The  difference  between  this  volume  pW 
of  oxygen  and  lliat  ubtained  before  the  adminiHtnition  of  the  cartoon  md 
gives  the  volume  per  cent,  of  carbon  monoxid  in  the  bloody  since  thf  I 
gaa  displaces  an  enual  volume  of  oxygen.  If  the  total  amount  of  ci 
monoxid  absorbed  by  the  blocid  ia  inciicatetl  by  I'  and  the  vohime  pert 
tliat  is,  the  number  of  c.c.  to  each  10()  c.c.  of  blood,  is  indicated  bv  v,  ibd 


total  quantity  of  the  blood  wiU  be  given  by  the  formula  —  ^ 

r 


100. 


The  average  results  obtained  from  numerous  experimenti 
aa  follows:  The  ratio  of  weight  of  blood  to  weight  of  body  is,  itt 
dog,  7,7  per  cent.;  rabbit  and  eat,  5  per  cent,;  birds,  10  per  A 
On  man  we  have  upon  record  two  determinations  on 
criminals   made   l>y    Bisdmff,  w^hich   gave   7.7   and   7/2  per 
Haldane   and  Smith,*   however,   have   devised   a   modificatu 
Gr6hant's  carbon    monoxid   method,  which  they  have  ^pb 
living  men.     The  resulti?  of  some  74  experiments  gave  thefli 
average  value  of  only  5  per  cent,  for  man.     The  distributic 
this  blood  in  the  tissues  of  the  body  at  any  time  has  beeo 
mated  by  Rankest  from  experiments  on  freshly  killed  rabbit 
follows :  J 


Bplwn 0.23  per  c«m* 

Brain  and  cord ,      1 ,24  **       ** 

Kidneys ,_     1.63  **       " 

Skin 2,10  **       •* 

Intestines 6.30  " 

Booes. .  _ 8.24 

Heart,  lunge,  and  great  blood-veaaels 22.76 

Resting  muscles » , .   29.20  *'       " 

Liver 29,30  '*       ** 

*  Haldanp  and  Smitli,  ''Journal  of  Physiology,**  1900.  xxv.,  331; 

Zuntz  and  Pletsch,  *' Binchemit^che  Zeit«clirift/*  1908,  47  ] 

t  Taken  from  Vierordt'a  "' Anatomiwrhe,  physioloi^he,  utid  pbTBiikil 
Daten  and  Tabellen/'  Jena,  1893. 
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It  will  be  seen  from  inspection  of  this  table  that  in  the  rabbit  the 
Nood  of  the  body  is  distributed  at  any  one  time  about  as  follows: 
One-fourth  to  the  heart,  lungs,  and  great  blood-vessels;  one-fourth 
to  the  liver;  one-fourth  to  the  resting  muscles;  and  one-fourth  to  the 
tauuniog  oigans. 

Regeneration  of  the  Blood  after  Hemorrhage. — ^A  laige 
portion  of  the  entire  quantity  of  blood  in  the  body  may  be  lost 
aoddenly  by  hemorrhage  without  producing  a  fatal  result.  The 
extent  of  hemorrhage  that  may  be  recovered  from  safely  has  been 
investigated  upon  a  number  of  animals.     Although  the  results 


1      S     S     4            •     t                   M 

± 

IS                          IT                   «                                 « 

. 

^^^~1 

-  ^                                 y 

l^^                        y" 

*--a-  V                   -^ 

^^                      7^ 

^„^    'iK    i 

^^ 

*   Jj-^=.Z   5        ^   _ 

^-^ 

Z\     ^"^ 

X  J^ 

«,«       3^^             -       . 

^■^% 

*    ^L^Z                _       . 

^^      ^s. 

«..     4A^^                ,  — : 

-^                       ^s. 

*     i^     -=»«:- 

'^'V 

*-     t                                     " 

^ 

L      ^ 

«d-          - 

^± 

U»   tir^neym, 


Fig.  186. — ^To  show  the  effect  of  hemorrfaage  upon  the  number  of  red  and  white  cor- 
fidai  and  the  amount  of  hemoglobin. — (Datpson.)  The  ordinates  express  the  numbers 
[•orpoadee  and  also  the  percentages  of  hemoglobin  as  stated  in  the  figures  to  the  left. 
W  a*>^ff^»  give  the  days  after  hemorrhage.  The  experiment  was  made  upon  a  dog  of 
kl  Igma.  The  hemorrhage,  which  lasted  2.3  minutes,  wja  equal  to  4.3  per  cent,  of  the 
■iy  ■eight  An  equal  amount  of  phjrsiological  saline  (NaCl,  0.8  per  cent.)  was  injected 
■Mdiatdy. 


haw  more  or  less  individual  variation,  it  may  be  said  that  in  dogs 
i  hemorrhage  of  from  2  to  3  per  cent,  of  the  body-weight*  is  re- 
overed  from  easily,  while  a  loss  of  4.5  per  cent.,  more  than  half 
k  entire  blood,  will  probably  prove  fatal.  In  cats  a  hemorrhage 
'from  2  to  3  per  cent,  of  the  body-weight  is  not  usually  followed 
'  a  fatal  result.  Just  what  percentage  of  loss  may  be  borne  by  the 
man  being  has  not  been  determined,  but  it  is  probable  that  a 
llthy  individual  may  recover  without  serious  difficulty  from  the 
I  of  a  quantity  of  blood  amounting  to  as  much  as  3  per  cent,  of 
•Frederic,   "Travaux  du  Laboratoire ''   (University  de  Li^ge),  1,  189, 
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the  body-weight.     It  is  known  that  if  liquids  that  are  isotot 
the  blood,  such  as  physiological  saline  {NaCl,  OJ  to  0.9  per  ( 
OF  Ringer's  solution,  are  injected  into  the  veins  immediately 
a  severe   hemorrhage,  recovery   is  more  certain;  in   fact, 
possible  by  this  means  to  restore  persons  after  a  hemorrhage  1 
would  otherwise  have  been  fatal.     By  an  infusion  of  this  1 
particularly  if  at  or  somewhat  above  the  body  temperature^ 
heart  beat  is  increased,  the  volume  of  the  circulating  liquid 

brought  to  an  amount  sufficient  to  maintain  approximately  non 

conditions  of  pressure  and  velocity,  and  the  red  corpuscles  that  ^rt:^' 
remain  are  kept  in  more  rapid  circulation  and  are  thus  utilized  nio*^ 
completely  as  oxygen  carriers.     If  a  hemorrhage  has  not  been  fatA^* 
experiments  on  lower  animals  show  that  the  plasma  of  the  bloo(ii^^ 
regenerated  with  some  rapidity,  the  blood  regaining  its  normal  ^ 
lime  within  a  few  hours  in  slight  hemorrhages,  and  in  from  tweot}- 
four  to  forty-eight  hours  if  the  loss  of  blood  has  been  severe:  but 
the  number  of  red  corpuscles  and  the  hemoglobin  are  restorrf 
more  slowiy,  getting  back  to  normal  only  after  a  number  of  daysof 
after  several  weeks.    The  accompanying  cur\'es  illustrate  the  resulte 
of  a  severe  hemorrhage  (4.3  per  cent,  of  the  body-weight)  foU 
by  transfusion  of  an  equal  volume  of  physiological  saline. 
as  the  red  corpuscles  and  the  amount  of  hemoglobin  are  conceroi4l 
it  will  be  noticed  that  the  large  sudden  fall  from  the  hemorrhage,  1 
first  day,  is  followed  by  a  slower  drop  in  both  factors  during  tbe 
second  and  third  days.     This  latter  phenomenon  constitutes  whit  | 
is  kno^Ti  as  the  posthemorrhagic  fall.* 

Blood-transfusion. — Shortly  after  the  discovery  of  the  ciroh  ' 
lation  of  the  blood  (Harvey,  1628),  the  operation  was  introduoed  i 
of  transfusing  blood  from  one  individual  to  another  or  from  somt 
of  the  lower  animals  to  man.     Extravagant  hopes  were  held  as  tn  | 
the  value  of  such  transfusion  not  only  as  a  means  of  replacing 
blood  lost  by  hemorrhage,  but  also  as  a  cure  for  various  i 
and  diseases.     Then  and  subsequently  fatal  as  well  as 
results  followed  the  operation.     So  far  as  the  use  of  the 
another  animal  is  concerned,  it  is  now  known  to  be  a 
undertaking,  mainly  because  the  serum  of  one  animal  may 
toxic  to  another  or  cause  a  destruction  of  its  blood  corpuscles,] 
Ch^iog  to  this  hemoljiic  and  toxic  action,  which  has  pr 
been  referreil  to  (p.  415),  the  inje<'tion  of  foreign  blood  is  like 
be  directly  injurious  instead  of  beneficial.     In   human  su 
modern  technic   (Carrel)  has  overcome  some  of  the  dilfic 
formerly  encounterd  in  the  transfusion  of  blood  from  one  hti 
being  to  another.     Anastomoses  may  be  made  between  the  1 
vessels  of  the  "donor"  and  the  ''recipient/'  so  that  the  blood  | 
•  Dawson,  *'  American  Journal  of  Physiology,"  4,  1,  1900. 
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yoR  to  the  other  without  commg  into  contact  with  a  foreign 
je  aad,  therefore,  without  danger  of  coagulation  or  the  for- 
m  oi  thrombin.  In  cases  of  loss  of  blood  from  severe  hemor- 
5  it  IB  far  sunpler  and  usually  quite  sufficient  to  inject  a  neutral 
i,  such  as  the  so-called  "physiological  salt  solution" — a  solu- 
of  sodium  chlorid  of  such  a  strength  (0.7  to  0.9)  as  will  suffice 
revent  hemolysis  of  the  red  corpuscles. 


r 


CHAPTER  XXIV. 

COMPOSITION  AND  FORMATION  OF  LYHPE 

Lymph  is  a  colorless  liquid  found  in  the  lymph- vessels  u  1 
as  in  the  extra  vascular  spaces  of  the  body.  All  the  tissue  elenn 
in  fact,  may  be  regaRied  as  being  bathed  in  lymph.  To  uii( 
its  occurrence  in  the  body  one  has  only  to  bear  in  mind  ita 
of  origin  from  the  blood.  Throughout  the  entire  body  there 
rich  supply  of  blood-vessels  penetrating  ever>^  tissue  with  thfl 
ception  of  the  epidermis  and  some  epidermal  structures,  as  the 
and  the  hair.  The  plasma  of  the  blood,  by  the  action  of  physj* 
chemical  processes,  the  details  of  which  are  not  vet  entirely  ui 
stood,  makee  its  way  through  the  thin  walls  of  the  capillaries, 
thiiB  brought  into  immediate  contact  with  the  tissues*  to  whi 
brings  the  nourishment  and  oxygen  of  the  blood  and  fmm  nlk 
removes  the  waste  products  of  metabolism.  This  extravasi 
l>Tnph  is  collected  into  small  capillary  spaces  which  in  turn  open 
defimte  lymphatic  vessels.  It  is  .still  a  question  among  the 
tologists  whether  the  lymph- vessels  form  a  closed  system  oral 
direct  anatomical  connection  with  the  tissue  spaees.  Mo( 
work*  supports  the  view  that  the  lymph  capillaries  are  ck 
vessels  similar  in  structure  to  the  blood  capillaries.  They 
in  the  tissues  generally,  but  are  not  in  open  communicatictii  \ 
the  spaces  between  the  cellular  elements  c^r  with  the  larger  9il 
cavities  between  the  folds  of  the  peritoneum,  pleura,  etc 
with  the  spaces  between  the  meningeal  membranes  surroim 
the  central  nervous  system.  From  the  physiological  standp< 
however,  the  liquid  in  these  latter  cavities,  the  cerebro«( 
liquid  and  the  liquid  bathing  the  tissue  elements,  musl 
regarded  ius  a  part  of  the  general  supply  of  lymph  and  as  li 
in  communication  with  the  liquid  contained  in  the  lya 
vessels.  That  is  to  say,  the  water  and  the  dissolved  subeii^ 
contained  in  the  tissue  spaces  interchange  more  or  less  & 
with  the  lymph  proper  found  in  the  formed  lymph- vessels. 
lymph-vessels  unite  to  form  larger  and  larger  trunks,  mJ 
eventually  one  main  trunk,  the  thoracic  or  left  lymphatic  ( 

*  Sw  Sabin,  "American  Journal  of  Anatomy/'  1,  307,  1902.  and  1 
U*04:  also  "Gf'ncml  ami  Spefial  Anatomy  of  tlie  Lympliatica/'  fi 
and  Charpy,  translated  by  Leaf,  1904. 
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nto  the  lymph-vessels,  or  by  a  flow  irom  tue  tissue 
1  into  the  lymph-spaces  that  surround  them.  The  lymph 
at  is  from  the  tissues  to  the  veins,  and  the  flow  is  main- 
liiefly  by  the  difference  in  pressure  between  the  lymph 
igin  in  the  tissues  and  in  the  large  lymphatic  vessels, 
tinual  formation  of  lymph  in  the  tissues  leads  to  the 
aent  of  a  relatively  high  pressure  in  the  lymph  capil- 
id  as  a  result  of  this  the  lymph  is  forced  toward  the 
lowest  pressure — ^namely,  the  points  of  junction  of  the 
aph-ducts  with  the  venous  system.  A  brief  discussion 
ctors  concerned  in  the  movement  of  lymph  will  be  found 
dction  on  Circulation.  As  would  be  inferred  from  its 
16  composition  of  the  intravascular  lymph  is  essentially 
)  as  that  of  blood-plasma.  It  contains  {he  three  blood 
the  extractives  (urea,  fat,  lecithin,  cholesterin,  sugar), 
ganic  salts.  The  salts  are  found  in  the  same  proportions 
t  plasma;  the  proteins  are  less  in  amount,  especially  the 
n.  Lymph  coagulates,  but  does  so  more  slowly  and 
ly  than  the  blood.  Histologically,  lymph  consists  of  a 
liquid  containing  a  number  of  leucocytes,  and  after 
number  of  minute  fat  droplets;  red  blood  corpuscles 
ily  accidentally,  and  blood-plates,  according  to  most 
,  are  likewise  normally  absent.  The  composition  of 
Ative  liquids  of  the  body,  such  as  the  pericardial  liquid, 
vial  liquid,  the  aqueous  humor,  the  cerebrospinal  liquid, 
yh  are  sometimes  classed  under  the  general  term  lymph, 
y  greatly;  thus,  the  cerebrospinal  liquid  possesses  no 
>gical  elements,  contains  no  fibrinogen,  and,  therefore, 
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prevailiog  in  the  tissues  outside,  and  it  was  supposed  that  thiacfl 
of  pressure  is  sufficient  to  s^tueeze  the  plasma  of  the  blood  thfll 
the  yery  thin  capillary  walls.  Various  conditions  that  alte^ 
pressure  of  the  blood  were  shown  to  influence  the  amount  of  1];{ 
foiiiied  in  accordance  with  the  demands  of  a  theon'  of  filtri 
Moreover,  the  composition  of  lymph  as  usually  given  seems  to 
port  such  a  theory,  inasmuch  as  the  inorganic  salts  contained 
are  in  the  same  concentration,  approximately,  as  in  blood-pll 
while  the  proteins  are  in  less  concentration,  following  the 
known  law  that  in  the  filtration  of  colloids  through  anim&l  I 
branes  the  filtrate  is  more  dilute  than  the  original  solution,  i 
simple  and  apparently  satisfactor>^  theory  has  been  siibjeoU 
critical  examination  w^ithin  recent  years,  and  it  has  been  showd 
filtration  alone  does  not  suffice  to  explain  the  composition  ^ 
lymph  under  all  circumstances.  At  present  two  tlivergent  j 
are  held  upon  the  subject.  According  to  some  physiolo^si 
the  facts  known  with  regard  to  the  composition  of  lymph  ml 
satisfactorily  explained  if  we  suppose  that  this  liquid  is  fd 
from  blood-plaania  by  the  combined  action  of  the  physical  pPDi 
of  filtration,  diffusion,  and  osmosis.  According  to  others, 
believed  that,  in  addition  to  filtration  and  diffusion,  it  is  neea 
to  assume  an  active  secretory  process  on  the  part  of  the  eiul 
lial  cells  composing  the  capillar}-  walls.  The  actual  condition  il 
knowletige  of  the  subject  can  be  presented  most  easily  by  bj 
stating  some  of  the  objections  that  have  been  raised  by  Heidea^ 
to  a  pure  filtration-and-diffusion  theory,  and  indicating  howl 
objections  have  been  met, 

1 ,  Heidenhain  showed  by  simple  calculations  that  an  impCi 
formation  of  lymph  would  be  required,  upon  the  filtration  tb 
to  supply  the  chemical  needs  of  the  organs  in  various  organic  il 
organic  constituents.  Thus,  to  take  an  illustration  that  haa 
much  discussed,  one  kilogram  of  cows'  milk  contains  1,7  gmsw 
and  the  entire  milk  of  twenty-four  hours  would  contain,  in  B 
numbers,  42,5  gms.  Ca<j.  Since  the  lymph  contains  ncwfl 
about  0,18  part  of  CaO  per  thousand,  it  would  recjuire  236  titi 
h'mph  per  day  to  supply  the  nece^sar}^  CaO  to  the  mammaiy  n 
Heidenhain  himself  suggests  that  the  difficulty  in  this  caee  mi 
met  by  assuming  active  diffusion  processes  in  comiectioiil 
filtration.  If,  for  instance,  in  the  case  cited,  we  suppose  thij 
calcium  of  the  honph  i.s  quickly  combined  by  the  tissues  of  then 
mary  gland,  then  the  diffusion  tension  of  calcium  salts  in  tbei 
will  be  kept  at  zero,  and  an  active  chffusion  of  calcium  mU 
lymph  will  occur  so  long  as  the  gland  is  secreting.  In  others 
the  gland  will  receive  its  calcium  by  much  the  same  process 
♦"Arehiv  f.  die  geaammte  Fhysiologie,"  49,  209,  1891 
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es  its  oxygen,  and  will  get  its  daily  supply  from  a  eompara- 
small  bulk  of  lymph.  Strictly  speaking,  therefore,  the 
Ity  we  are  dealing  with  here  shows  only  the  insufficiency  of  a 
filtration  theory.  It  seems  possible  that  filtration  and 
on  together  would  suffice  to  supply  the  organs,  so  far  at 
s  the  di£Fusible  substances  are  concerned. 
Eeidenhain  found  that  occlusion  of  the  inferior  vena  cava 
not  only  an  increase  in  the  flow  of  lymph — as  might  be  ex- 
,  on  the  filtration  theory,  from  the  consequent  rise  of  pressure 
sapillary  regions — ^but  also  an  increased  concentration  in  the 
tage  of  protein  in  the  lymph.  This  latter  fact  has  been 
jtoiily  explained  by  the  experiments  of  Starling.*  Accord- 
Ids  observer,  the  lymph  formed  in  the  liver  is  normally  more 
krated  than  that  of  the  rest  of  the  body.  The  occlusion  of 
la  cava  causes  a  marked  rise  in  the  capillary  pressure  in  the 
lid  most  of  the  increased  lymph-flow  under  these  circum- 
comes  from  the  liver;  hence  the  greater  concentration, 
suits  of  this  experiment,  therefore,  do  not  antagonize  the 
»ii-and-diffusion  theory. 

leidenhain  discovered  that  extracts  of  various  substances, 
he  designated  as  ''lymphagogues  of  the  first  class,"  cause  a 
I  increase  in  the  flow  of  lymph  from  the  thoracic  duct,  the 
being  more  concentrated  than  normal,  and  the  increased  flow 
ling  for  a  long  period.  Nevertheless,  these  substances  cause 
•  any,  increase  in  general  arterial  pressure;  in  fact,  if  injected 
dent  quantity  they  produce  usually  a  fall  of  arterial  pressure. 
bstances  belonging  to  this  class  comprise  such  things  as  pep- 
gg-albumin,  extracts  of  liver  and  intestine,  and  especially 
s  of  the  muscles  of  crabs,  crayfish,  mussels,  and  leeches, 
hain  supposed  that  these  extracts  contain  an  organic 
ice  which  acts  as  a  specific  stimulus  to  the  endothelial  cells 
sapillaries  and  increases  their  secretory  action.  The  results 
iction  of  these  substances  has  been  differently  explained  by 
ho  are  unwilling  to  believe  in  the  secretion  theory.  Starling  f 
perimentally  that  the  increased  flow  of  lymph  in  this  case,  as 
36truction  of  the  vena  cava,  comes  mainly  from  the  liver. 
B  at  the  same  time  m  the  portal  area  an  increased  pressure 
ly  account  in  part  for  the  greater  flow  of  lymph;  but,  since 
set  upon  the  portal  pressure  lasts  but  a  short  time,  while 
iter  flow  of  Ijrmph  may  continue  for  one  or  two  hours,  it  is 
that  this  factor  alone  does  not  suffice  to  explain  the  result 
Qjections.  Starling  suggests,  therefore,  that  these  extracts 
lologically  upon  the  blood  capillaries,  particularly  those  of 

*  "Journal  of  Physiology,"  16,  234,  1894. 
t  /Wd.,  17,  30,  1894. 
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the  liver,  and  render  them  more  f^rmeal>le,  so  that  a 
quantity  of  concentrated  lymph  flows  through  thera.    St* 
explanation  is  supported  by  the  experiments  of  Fopoff.^    AcC^ 
to  this  obsen^er,  if  the  lymph  is  collected  simultaneously  fn 
lower  portion  of  the  thoracic  duct,  which  conveys  the  lympt?^' 
the  ahdomimd  orgaiLs,  and  from  the  upper  part^  which  contaL 
lymph   from   the   head,    neck,  etc,,   it  is  found  that  inject-^^' 
peptime  increases  the  flow  only  from  the  abdoniinal  organs. 
finds  also  that  the  peptone  causes  a  dilatation  in  the  int 
circulation  and  a  marked  rise  in  the  portal  pressure.     At  the 
time  there  is  some  evidence  of  injury  to  the  walls  of  the 
vessels  from  the  occurrence  of  extravasations  in  the  intestine;^ 


far,  therefore,  as  the  action  of  the  lymphagogues  of  the  first  c     ^ - 

concerned,  it  may  be  said  that  the  advocates  of  the  filtratio 
diffusion  theory  have  suggested  a  plausible  explanation  in 

with   their  theorv\     The  facts  emphasized   by   Heidenhaiii tkti  i 

regard  to  this  class  of  subaUvnces  do  not  compel  us  to  assv^^zxzipi 
secretory  function  for  the  endothelial  cells. 

4.  Injection  of  certain  cr\^st4iHioe  substances — euch  as 
sodium  chiorid  and   other  neutral  salts — causes  a  marked  izxr/ew  j 
in  the  flow  of  lymph  from  the  thoracic  duct*     The  lymph  in  thm  ^ 
cases  is  more  dilute  than  nonnaU  and  the  blood-plasma  abo  beconaf  ^ 
more  water}',  thus  indicating  that  the  increase  in  water  comafw® 
the   tissues  themselves.     Heidenhain   designated   these  bodi«i  » 
"lymphagogues  of  the  second  class/'     His  explanation  of  th* 
action  is  that  the  crystalloid  materials  introduced  into  the  bkwd  fl» 
eliminated  by  the  secretory  activity  of  the  endothelial  eelb,  *ndtktf 
they  then  attract  water  from  the  tissue  liquid,  thus  augmeatsVl 
the  flow^  <if  lymi>h.     These  substances  cause  but  little  change  ill 
arterial  blood-pressure;  hence  Heidenhain  thought  that  thegrei** 
flow  of  lymph  can    not  be  explainefl    by  an    increased  filtatitf.  I 
Starling  t  h^is  shown,  however,  that,  although  these  bodies  may  »*| 
seriously  alter  general  arterial  pressure,  they  may  greatly  aupBiij 
intracapillary  pressure,  particularly  in  the  abdominal  orgaos. 
explanation  of  the  greater  flow  of  lymph  in  these  cases  is  as  folkr*- 
"On  their  injection  into  the  blood  the  osmotic  pressure  of  thediO'  i 
lating  fluid  is  largely  increased.     In  consequence  of  this  ij»ci«*i 
water  is  attracted  from  lyniph  and  tissues  into  the  blood  by  a  I 
of  osmosis,  until  the  osmotic  pressure  of  the  cireulating  i 
restored  to  normal     A  contlition  of  hydremic  plethora  is  \ 
produced,  attended  with  a  rise  of  pressure  in  the  capillaries { 
especially  in  those  of  the  abdominal  viscera.     This  rise  of  | 
will  be  proportional  to  the  increase  in  the  volume  of  the  blood* 

*  '^Cenlralbbtt  L  FhysiQlope,"  9,  No.  2,  1895. 
t  hoc.  tit. 
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•i^  to  the  osmotic  pressure  of  the  solutions  injected.  The 
*5^pillaiy  pressure  causes  great  increase  in  the  transudation 
4  ^rom  the  capillaries,  and  therefore  in  the  lymph-flow  from 
loracic  duct."  This  explanation  is  well  supported  by  experi- 
\f  ^nd  aeems  to  obviate  the  necessity  of  assuming  a  secretory 
^  ^^  the  part  of  the  capillary  walls. 

Numerous  otherexperiments  have  been  devised  by  Heidenhain 
^  followers  to  show  that  the  physical  laws  of  filtration,  diflu- 
.  •^d  Osmosis  do  not  suffice  to  explain  the  production  of  lymph; 
^  ^  these  cases  possible  explanations  have  been  suggested 
"^^^^  of  the  physical  laws,  so  that  it  may  be  said  that  the 
to  do  xiot  compel  us  to  assume  a  secretory  activity  on  the 
rt  ^^he  endothelial  cells  of  the  capillaries.  Asher*  and  his 
'^'kerB  have  brought  forward  many  facts  to  show  that  the  lymph 
coattolled  as  to  its  amount  by  the  activity  of  the  tissue  elements 
A^^y  be  considered  as  a  product  of  the  activity  of  the  tissues,  as 
•^tion,  in  fact,  of  the  working  cells.  When  the  salivary  glands, 
tefiver,  etc.,  are  in  greater  functional  activity  the  flow  of  lymph 
iwtt  them  is  increased  beyond  doubt,  so  that  the  activity  of  the 
•JPJ^  does  influence  most  markedly  the  production  of  lymph. 
IJ^  physiologists,  however,  prefer  to  explain  this  relationship  on 
w  view  suggested  by  Koranyi,  Starling,  and  others, — ^namely,  that 
1^  the  metabolic  changes  of  functional  activity  the  large  molecules 
Jpmtein,  fat,  etc.,  are  broken  down  to  a  number  of  simpler  ones, 
^  number  of  particles  in  solution  is  increased  and  therefore  the 
j^otic  pressure  is  increased.  According  to  most  observers 
■^  molecular  concentration  of  the  lymph  in  the  thoracic  duct, 
y,  therefore,  the  osmotic  pressure,  is  greater  than  that  of  the 
^-  Thus  Botazzi,t  in  one  experiment,  reports  that  the 
Bering  of  the  freezing-point  of  the  blood-serum  was  A  =■  0.595° 
whUe  that  of  the  lymph  from  the  thoracic  duct  of  the  same 
Imal  was  A  =  0-^15®  C.  Back  in  the  tissues,  where  phys- 
>gjcal  oxidations  are  going  on,  this  difference  is  probably 
atcr,  and  greater  in  proportion  to  the  activity  of  the  tissues. 
can  understand  that  in  this  way  functional  activity  of  an 
in  may  result  in  attracting  more  water  from  the  blood-capil- 
BB  into  the  tissue  spaces  and  may  thus  cause  an  augmented 
r  of  lymph.  The  liquid  of  the  tissues  may  be  drained  off 
only  through  the  lymph-vessels  but  also  through  the  blood- 
els.  That  liquids  injected  directly  into  the  tissues  or  special 
rtances  dissolved  in  such  liquids  may  be  absorbed  directly 
khe  blood  has  long  been  known.     Magendie,  for  example, 

"Zcit»chrift  f.  Biologic,"  vols,  xxxvi-xl.  1897  to  1900. 

Quoted    from    Magnus,    *'Handbuch  der  Biochemie,"    1908,   vol.   iL' 

lAtion  of  Lymph) . 
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proved  that  when  a  poison  was  injected  into  an 
was  connected  with  the  rest  of  the  body  only  by  its  blood- ^' 
the  animal  cjuickly  showed  the  symptoms  of  a  correep^^ 
intoxication.  Ordinary  hypodcrndc  injections  are  aW*^ 
much  more  quickly  into  the  general  circulation  than  won^o 
the  case  if  they  were  oldiged  to  traverse  the  lymph- vessel*^ 
enter  tlie  bhjod  through  the  thoracic  duct.  Meitzer  has  shoi 
that  this  absorption  by  the  Mood  from  the  tissue  spaces Uki 
place  with  especial  promptness  if  the  injection  is  made  into 
mass  of  muscular  tissue. 

The  liquid  in  the  extravascular  tissue  spaces  is,  in  fact,  i 
ject  to  a  play  of  influences  from  several  sides,  and  it  is  the 
ance  among  these  competing  influences  which  determines  at 
time  the  amount  and  composition  of  this  tissue  lymph.  Tta 
the  supply  of  this  liquid  is  furnished,  on  the  one  hand,  by  wJ 
and  dissolved  substances  coming  to  it  from  the  blood  in 
capillaries^  on  the  other  hand,  by  water  and  dissolved  substao 
derived  from  the  great  reservoir  contained  in  the  tissue 
The  amount  of  the  tissue  lymph  is  continually  depleted  on 
other  side  by  water  and  dissolved  substances  passing  back  tj 
the  capillaries,  or  into  the  tissue  elements,  or,  finally,  into 
lymph  capillaries.  The  amount  that  passes  by  this  latter  roi 
varies  greatly  in  the  different  tissues,  and  in  the  same  ti 
may  be  influenced  greatly  by  pathological  as  w^ell  as  ooi 
changes  in  conditions. 

Sunmiary  of  the  Factors  Controlling  the  Flow  of  LymjilL 
We  may  adopt,  provisionally  at  least,  the  so-called  raecbaoi 
theory  of  the  origin  of  lymph.  Upon  this  theor>'  the  foroes 
activity  are,  first,  the  intracapillary  pressure  tending  to 
the  plasma  through  the  endothelial  cells  composing  the 
of  the  capillaries,  and  second,  that  form  of  molecular  enefigy  ^ 
gives  rise  to  the  phenomena  of  diffusion  and  osmotic  pi 
By  the  action  of  this  force,  the  flow  of  w^at^r  from  one  phct 
another  is  influenced  in  accordance  with  the  difference  in  conrt 
tration  of  the  dissolved  substances.  These  two  forces 
everywhere  control  primarily  the  amount  and  composition  of 
lymph;  but  still  another  factor  must  be  considered;  for  when 
come  to  examine  the  flow  of  l>inph  in  different  parts  of  the 
striking  differences  are  found.  It  iiJts  been  shown,  for  inntanl 
that  in  the  liml>s,  under  normal  conditions,  the  flow  is  extreHK 
scanty,  while  from  the  liver  and  the  intestinal  area  it  is  relathl 
abundant.  In  fact,  the  lymph  of  the  thoracic  duct  may  be 
sidered  lis  being  derivetl  almost  entirely  from  the  latter 
regions.  Moreover,  the  l>Tnph  from  the  liver  is  characteriwd 
a  greater  percentage  of  proteins.     To  account  for  these  diffcfSK 
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i^^  suggests  the  plausible  explanation  of  a  variation  in  permea- 
"^  ^  the  capillary  walls.  This  factor  is  evidently  one  of  great 
Jl'^^ce,  altiiough  it  is  not  possible  to  state  the  character  of  the 
™*^  supposed  to  occur.  One  helpful  suggestion  that  rests 
•Vffl  experimental  evidence  is  that  the  concentration  of  bases, 
"^wially  of  the  calcium,  contained  in  the  substance  of  the  vessel- 
•>&,  affects  greatly  their  physical  properties  and  permeability. 
*  is  evident  that  constituents  of  this  kind  may  vary  with  the 
Iwracter  of  the  food,  or  in  general  with  the  composition  of  the 
ood.  The  idea  that  the  permeability  of  the  capillaries  may  vary 
ider  different  conditions  has  long  been  used  in  pathology  to 
plain  the  production  of  that  excess  of  lymph  which  gives  rise 
the  condition  of  dropsy  or  edema.  The  theories  and  experi- 
nts  made  in  connection  with  this  pathological  condition  have, 
fact,  a  direct  bearing  upon  the  theories  of  lymph  formation.* 
der  normal  conditions  the  lymph  is  drained  off  as  it  is  formed, 
3e  under  pathological  conditions  it  may  accumulate  in  the 
ues  owing  either  to  an  excessive  formation  of  lymph  or  to  some 
erruption  in  its  circulation. 

The  scanty  flow  of  lymph  from  the  limbs  has  been  referred 
Hagnust  to  another  possible  cause,  namely,  to  the  great 
•city  of  the  muscular  tissue  to  imbibe  water  (and  salts). 
Jordhig  to  this  author  the  tissues,  particularly  the  muscular 
ues,  constitute  great  reservoirs  in  which  excess  of  water  and 
ifl  may  be  stored.  If,  for  example,  a  hypotonic  solution  of 
ium  chloride  is  injected  into  the  circulation,  most  of  the 
ier  added  will  be  removed  from  the  circulation  by  imbibition 
>  the  muscular  tissues.  In  the  limbs,  with  their  large  supply 
Duscular  tissue,  it  may  be  that  lymph  is  formed  as  elsewhere 
D  the  blood  plasma,  but  it  is  held  back  from  the  lymph-vessels 
absorption  into  the  muscular  mass. 

Prom  the  foregoing  considerations  it  is  evident  that  changes 
apillary  pressure,  however  produced,  may  alter  the  flow  of 
ph  from  the  blood-vessels  to  the  tissues,  by  increasing  or 
easing,  as  the  case  may  be,  the  amount  of  filtration;  changes  in 
composition  of  the  blood,  such  as  follow  periods  of  digestion, 
cause  diffusion  and  osmotic  streams  tending  to  equalize  the 
position  of  blood  and  lymph;  and  changes  in  the  tissues  them- 
ss  following  upon  physiological  or  pathological  activity  will 
disturb  the  equilibrium  of  composition,  and,  therefore,  set  up 
gion  and  osmotic  currents.  In  this  way  a  continual  interchange 
king  place  by  means  of  which  the  nutrition  of  the  tissues  is 

Cdnmilt    Meltzer,    ''Edema"    ("Harrington    Lectures"),    "American 
ane,"  8,  Noe.  1,  2,  i.  and  5,  1904. 
KagnuB,  hoc  cU. 
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effected,  each  according  to  its  needs.  The  details  of  this  inter«cr/EC^  j 
must  of  necessity  be  very  complex  when  we  consider  the  poasffibBftB^  / 
of  local  effects  in  different  parts  of  the  body.  The  total  eflTer^^^^/ 
general  changes,  such  as  may  be  produced  experimentalT^')  ^  ^ 
simpler,  and,  as  we  have  seen,  are  explained  satisfactorily  by  ^  | 
physical  and  chemical  factors  enimierated. 


I 


SECTION  V. 

^ySIOLOGY  OF  THE  ORGANS  OF  CIRCULA- 
TION OF  THE.  BLOOD  AND  LYMPH.       * 

le  heart  and  the  blood-vessels  fonn  a  closed  vascular  system 
inlng  a  certain  amount  of  blood.  This  blood  is  kept  in  endless 
ition  mainly  by  the  force  of  the  muscular  contractions  of  the 
But  the  bed  through  which  it  flows  varies  greatly  in  width 
erent  parts  of  the  circuit,  and  the  resistance  offered  to  the 
g  blood  is  very  much  greater  in  the  capillaries  than  in  the 
'essels.  It  follows  from  the  irregularities  in  size  of  the  chan- 
LTOUgh  which  it  flows  that  the  blood-stream  is  not  uniform  in 
ter  throughout  the  entire  circuit;  indeed,  just  the  opposite  is 
From  point  to  point  in  the  branching  system  of  vessels  the 
varies  in  r^ard  to  its  velocity,  its  head  of  pressure,  etc. 
variations  are  connected  in  part  with  the  fixed  structure  of  the 
L  and  in  part  are  dependent  upon  the  changing  properties  of 
ring  matter  of  which  the  system  is  composed.  It  is  con- 
t  to  consider  the  subject  under  three  general  heads:  (1) 
rnrely  physical  factors  of  the  circulation, — that  is,  the  me- 
s  and  hydrodynamics  of  the  flow  of  a  definite  quantity  of 
through  a  set  of  fixed  tubes  of  varying  caliber  under  certain 
^onditions.  (2)  The  general  physiology  of  the  heart  and  the 
vessels, — that  is,  mainly  the  special  properties  of  the  heart 
J  and  the  plain  muscle  of  the  blood-vessels.  (3)  The  innerva- 
•  the  heart  and  the  blood-vessels, — that  is,  the  variations  in 
culation  produced  by  the  action  of  the  nervous  system. 


CHAPTER  XXV. 

VELOCITY  AND  PRESSURE  OF  THE  BLOOD-FLOW. 

e  Circulation  as  Seen  Under  the  Microscope.— It  is  a 
ratively  easy  matter  to  arrange  a  thin  membrane  in  a  living 
so  that  the  flowing  blood  may  be  observed  with  the  aid  of  a 
cope.  For  such  a  purpose  one  generally  employs  the  web 
sn  the  toes  of  a  frog,  or  better  still  the  mesentery,  lungs,  or 
T  of  the  same  animal.    With  a  good  preparation  many 
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important  peculiarities  in  the  blood-flow  may  be  observed  di 
If  the  field  is  properly  chosen  one  may  see  at  the  same  time  ti 
in  arteries,  capillaries,  and  veins.  It  will  be  noticed  that 
arteries  the  flow  is  ver>"  rapid  and  somewhat  intermittent, — t 
there  is  a  slight  acceleration  of  velocity,  a  pulse^  with  each 
beat.  In  the  capillaries,  on  the  contrar}^,  the  flow  is  relative! 
slow;  the  change  from  the  rushing  arterial  stream  to  the  d 
ate  current  in  the  capillaries  takes  place,  indeed,  with 
suddenness.  The  capillan^  flow,  as  a  rule,  show^  no  pubes 
sponding  with  the  heart  beats,  but  it  may  be  more  or  leas  irp 
— that  is,  the  flow  may  nearly  cease  at  times  in  some  capi 
while  again  it  maintains  a  constant  flow.  In  the  veins  th 
increases  markedly  in  rapidit.y,  and  indeed  it  may  be  ob 
that,  the  larger  the  vein,  the  more  rapid  is  the  flow*  There 
however,  as  a  rule,  any  indication  of  an  interniittence  or  p 
this  flow,^ — the  velocity  is  entirely  uniform.  In  Ixith  arteri( 
veins  it  will  be  noticed  tliat  the  red  corpuscles  form  a  solid  c 
or  core  in  the  middle  of  the  vessel,  and  that  between  them  ai 
inner  wall  there  is  a  layer  of  plasma  containing  only,  under  i 
conditions,  an  occasional  leucoc3^te.  The  accumulation  0 
piiscles  in  the  middle  of  the  stream  makes  what  is  known 
tmul  streanif  while  the  clear  la}'er  of  plasma  is  designated 
mert  layer.  The  phenomenon  is  readily  explained  by  pi 
causes.  As  the  blood  flows  rapidly  tlirough  the  small  veaa 
layers  nearer  the  wall  are  slowed  by  adhesion,  so  that  the  g] 
velocity  is  attaineil  in  the  middle  or  axis  of  the  vessel,  Tl 
puscles,  being  hea\ier  than  the  plasma,  are  drawn  into  thia 
part  of  the  current.  It  has  been  shown  by  physical  expeii 
that,  when  particles  of  different  specific  gravities  are  preset 
liquid  flowing  rapidly  through  tubes,  the  heavier  particles  ^ 
found  in  the  axis  and  the  lighter  ones  toward  the  peripher 
accordance  with  this  fact,  leucocytes,  which  are  lighter  th 
red  corpuscles,  may  be  found  in  the  inert  layer.  When  th 
ditioDS  become  slightly  abnormal  (incipient  inflammatioi 
leucocytes  increase  in  nim^ljer  in  the  inert  layer  sometime 
very  gre^t  extent,  owing  apparently  to  some  alteration 
endothelial  walls  whereby  the  leucocytes  are  rendered  mo 
hesive.  The  agglutination  of  the  leucocytes  and  their  mi| 
through  the  walls  into  the  surrounding  tissues  are  descril 
works  on  Patholog>^ 

The  Velocity  and  Volume  of  the  Blood-flow. — The  microsi 
observations  described  above  show  that  the  velocity  of  the 
current  varies  widely,  being  rapid  in  the  arteries  and  veins  si 
in  the  capillaries.  To  ascertain  the  actual  velocity  in  the 
vessels  and  the  variations  in  vessels  of  different  sizes  experil 
determinations  are  necessary.    While  the  general  principle  in 
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leterminations  is  simple,  their  actual  execution  in  an 
t    is    attended   with 
iculties,  and   various 
ave     been    adopted. 

direct  method  per- 
hat  used  in  the  in- 
levised  by  Ludwig, — 
e  Hrormihr.  The  prin- 

is  to  cut  an  artery 
a  known  size  and  de- 
>w  much  blood  flows 
iven  time.  We  may 
velocity  of  the  blood 
lint  as  the  length  of 
1  of  blood  flowing  by 

in  a  second.  If  we 
teiy  there  a  cylindri- 
1  of  blood  of  a  defi- 

and  with  a  cross-area 
hat  of  the  lumen  of 

will  flow  out  in  a 
rhe  volume  of  the 
kn  be  determined  di- 

catching  the  blood, 
this  volume  and  the 
of  the  artery,  we  can 

the  length  of  the 
bat  is,  the  velocity 
' — since  in  a  cylinder 
B,  V,  is  equal  to  the 

the  length  into  the 


igth  X  croas-area,  or 
^    ""  cross-area 


Fig.  187. — Lud wig's  stromuhr:  a  and  ^ 
The  gUsB  bulbe;  a  m  filled  with  oil  to  tbe 
mark  (6  cc^^  wtilc  fr  and  the  neck  aro  RUed 
with  salt  solutiun  or  defibrirLa.t«d!  blood;  pt 
the  movable  plate  hy  tncsann  nf  whxch  toe 
bulbs  may  be  turnM  throiifE^h  180  dei~reeAf 
C,  C,  for  the  cannuliu^  inaeirted  Lntfi  the  artery; 
c.  the  thumb  ficrew  fur  turning  the  buil»; 
ht  the  holder-  When  m  p^nce  tbi;  cl&mps 
on  the  arteries  aro  roniovo*lH  blood  flows 
through  e  into  a,  driving  ant  the  oil  and 
forcine  the  salt  s^ilution  in  6  into  the  bead 
end  of  the  artery  through  if.  When  ibo 
blood  enterinic  a  reiLdhei'i  the  tnark,^  the  bulbf 
are  turned  through  IMO  de^reea  mt  tlmt  b  Mm 
over  c.  The  blcn^i  iiows  into  &  and  drivea 
the  oil  back  into  a.  W' hen  it  iuat  hUs  thU 
bulb,  they  are  Atm^^n  rotated  through  1§0 
degrees,  and  m  on.  The  oil  ii  driven  out  of 
and  into  a  a  civen  numbpr  of  timeH^  f^ach 
movement  bfi'=j.i'i's:^ I  t-  :u:  '■ii"!'"'^-  nf  5c.o. 
of  blood.  When  the  instrument  has  been 
turned,  say,  ten  times,  60  c.c.  of  blood  have 
flowed  out.  Knowing  the  time  and  the 
caliber  of  the  artery,  the  calculation  is  made 
as  described  in  the  text.  Several  modifi- 
cations of  the  form  of  this  instrument  have 
been  devised.* 


mot,  of  course,  make 

ment  in  this  simple 

a  living  animal;   the 

much  blood  would  at 

;e  the  physical  and  physiological  conditions  of  the  circula- 

rould  give  us  a  set  of  conditions  at  the  end  of  the  experi- 

irent   from  those  at  the  beginning.      By  means  of  the 

lowever,  this  experiment  can  be  made,  with  this  important 

lification  by  Tigerstedt  is  described  in  the  "  Skandinavisches 

ysiol.,"  3,  152,  1891.     One  by  Burton-Opitz  in  the  "Arch.  f.  d. 

gie,"  121,  151,  1908. 
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variation,  that  the  blood  that  flows  from  the  central  er 
artery  is  returned  to  the  peripheral  end  of  the  same  art-eryi* 
the  circulation  is  not  blocked  nor  deprived  of  its  normal  vol 
liquid.  The  instrument,  as  is  explained  in  the  legend  of  K 
meaeures  the  volume  of  blood  that  flows  out  of  the  cut  ent 
artery  in  a  definite  time.    The  calculation  for  velocity  is  n 

follows:  Suppose  that  the  c 
of  the  bulb  is  5  c.c,  and  thai 
experiment  it  has  been  fil 
times  in  50  seconds,^ — i.  €.,  th 
have  been  reversed  10  times 
obviously  10  X  5  or  50  c.( 
flowed  out  of  the  artery 
time,  or  1  c.c.  in  1  seconc 
diameter  of  the  vessel  can  b 
ured,  and  if  found  equal,  8a 
mms.,  tiien  its  croas-area  is 
3.15X  1  =  3.15.  Since  lex 
1000  c.mm.,  the  length  of  c 
inder  of  blood  would  be  p 


0 


the  quotient   of 


1000 
3.15 


=  3n 


> 


FLf.  1  SS.^Chaij  veaii  *g  bemodrom  rn 
gmph  {»fter  LanffCTidarff}.  The  tube^ 
|m:,  ia jplaced  in  the  course  of  an  ar- 
lerXi  the  blcxid  after  removal  of  clamps 
flowing  in  the  direction  nhown  by  the 
AiTOV.  The  current  striken  the  plate, 
p^,  and  forcea  it  to  B.n  anjf^Ie  varyiotf 
with  the  veloritv.  The  movement  of 
pi  U.  trananiLtted  through  the  ateTn,  n, 
which  moves  in  a  rubber  membrane 
ail  a  fulcrum,  m.     The  anKulAr  raove- 


be  measured  dirwrtly  or  may  be  mai 


may 
naoe 


So  that  the  blood  in  this  ci 
moving  with  the  velocity 
mms.  per  second.  Another 
ment  that  has  been  emplo> 
the  same  purpose  is  the  drm 
or  hemo(irem4>graph  of  Chi 
Tills  instniment  is  reprewt 
the  accompanying  figure  (Fi( 
A  rigid  tul>e  (p-<)  is  placed 
course  of  the  artery  to  be  exi 
This  tube  is  provided  with  ai 
(a)  the  opening  of  which  is 
with  rubi:ier  dam  (m).  The 
dam  is  piercetl  b>'  a  needle  th 
end  of  which  terminatSB  in  i 
plate  lying  in  the  tulje  (pi).  When  the  instrument  is  m  plJ 
the  blood  is  allowed  to  stream  through  the  tulie.  it  defle 
needle,  which  turns  on  its  insertion  through  the  rubber  i 
cnim.  The  angle  of  deflection  of  the  free  end  of  the  need 
be  measured  direetly  upon  a  scale  or  it  may  be  tnuii 
through  tambours  and  recorded  upon  a  kymographion,  ' 
strument  must,  of  course,  be  graduated  by  passing  through 
rents  {>f  kno^^ii  velocity,  so  that  the  angle  of  deflection  i 
expressed  in  terms  of  absolute  velocities.  It  possesses  i 
advantixge  over  the  stromuhr  in  that  it  gives  not  simply  the  j 


ment  of  the  projeeting  end  of  n  i 
tly  or  may  be  n: 
to  aet  npon  a  tambour,  els  abown  in 


the  fifUiT.  and  thua  b«*  tranaraitted  to 
a  recording  drum, 
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Telocity  during  a  given  time,  but  also  the  variations  in  velocity 
coincident  with  the  heart  beat  or  other  changes  that  may  occur 
duiiig  the  period  of  observation.  By  means  of  instruments  of 
this  Irind  it  is  possible  to  determine  not  only  the  velocity  in  any 
bijie  artery  or  vein  at  a  given  moment,  but  also  the  total  volume 
i  flow  into  or  out  of  an  organ  during  a  given  period  of  time. 
)8ta  of  the  latter  kind  give  us  an  idea  of  the  relative  quantity  of 
food  supplied  to  each  organ  and  the  differences  in  this  respect 
etween  the  several  organs.  Burton-Opitz*  on  the  basis  of  exp)eri- 
lents  made  by  himself  and  others  gives  the  following  figures,  which 
q)ress  the  blood-supply  per  minute  for  each  100  grams  of  organ: 

QBterior  extremity 5  c.c.  Spleen 58  c.c. 

kefetal  muscle 12  c.c.  Liver  (venous) 59  c.c. 

bd 20  c.c.  Liver  (total) 84  c.c. 

tomach 21  c.c.  Brain 136  c.c. 

tm  (arterial) 25  c.c.  Kidney 150  c.c. 

"""'-        31  c.c.  Thyroid  Gland 560  c.c. 


Mean  Velocity  of  the  Blood-flow  in  the  Arteries,  Veins,  and 
qrillaries. — ^Actual  determinations  of  the  average  velocity  in  the 
igb  arteries  and  veins  give  such  results  as  the  following:  Carotid 
'  horse  (Volkmaim),  300  mms.  per  second;  (Chauveau)  297  mms. 
wotid  of  the  dog  (Vierordt),  260  mms. 

The  flow  in  the  carotid,  as  in  the  other  large  arteries,  is  not, 
>wever,  imiform;  there  is  a  marked  acceleration  or  pulse  at  each 
•stole  of  the  heart  during  which  the  velocity  is  greatly  augmented, 
bus,  in  the  carotid  of  the  horse  it  has  been  shown  by  the  hemo- 
omograph  that  during  the  systole  the  velocity  may  reach  520 
ma.  and  may  fall  to  150  mms.  during  the  diastole.  It  is  found,  also, 
at  this  difference  between  the  systolic  velocity  and  the  diastolic 
kxsity  tends  to  disappear  as  the  arteries  become  smaller,  and,  as 
18  said  above,  disappears  altogether  in  the  capillaries,  in  which 
e  pulse  caused  by  the  heart  beat  is  lacking.  The  smaller  the  artery, 
eiefoie,  the  more  uniform  is  the  movement  of  the  blood. 

The  flow  in  the  large  veins  is  uniform  or  approximately 

iform  and  increases  as  one  approaches  the  heart,  although  the 

locity  in  the  large  veins  near  the  heart  is  somewhat  slower 

in  in  the  large  arteries  of  the  same  region,  owing  to  the  fact 

It  the  total  area  of  the  venous  bed  is  larger  than  that  of  the 

»rial  bed.     Burton-Opitzf  gives  the  following  average  figures 

tained  from  experiments  upon  anesthetized  dogs.     Jugular, 

r  mms.;  femoral,  61.6  mms.;  renal,  63  mms.;  mesenteric  vein, 

9  mms.     In  the  capillaries,  however,  the  velocity  is  relatively 

y  small.     From  direct  observations  made  by  means  of  the 

Toscope  and  from  indirect  observations  in  the  case  of  man, 

*  Burton-Opitz,  "Quarterly  Jour,  of  Experimental  Physiology,"  4, 117, 1911. 
^  Burton-Opitz,  "Am.  Journal  of  Physiology,"  vols.  7  and  9,  and  "Pfltiger's 
liv."  vols.  123  and  124,  1908. 
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I 

the  capillary  velocity  is  estimated  as  lying  betwe^ 
and  0,9  mm.  per  sec. 

Vierordt  report*  some  interesting  ralculations  upon  the  Vi 
blood,  tn  the  capillaries  of  his  own  eye.  lender  suitable  cai 
movementj*  of  the  corpusrles  in  the  retina  may  be  perceived  11 
of  the  shadows  that  they  tlirow  upon  tlie  rods  and  cooes.  The; 
thus  produced  may  be  projeeted  upon  a  Burface  at  a  known  diiri 
eye  and  the  Bpace  traversed  in  a  given  time  may  be  observed. 
actually  covered  upon  the  retina  may  then  be  calculated  by  the: 
atruction,  in  whicn  A*B  —  the  distance  traveled  by  the  piti 
A-n,  the  dbtance  of  the  surface  from  the  eye;  and  a-n,  the  d 
retina  from  the  nodal  point 
of  the  eye.  We  have  then 
the    proportion    ab   :  an  :: 

AB:An,  or  ab  =  M><_?!!. 

An 
According  to  this  method, 
Vierordt  calculated  that  the 
velocity  of  the  blood  in  the 
human  capillaries  is  equal  to 
about  0.6  to  0.9  mm.  per 
Beoood. 

In  the  arteries,  moie- 
over,  it  may  be  observed 
that  tiie  average  velocity 
dinunishes    the     farther 

one  goes  from  the  heart,— that  is,  the  smaller  the 
reaches  its  minimum  when  the  arteries  pass  into  thi 
Thus,  Volkmann  rejx)rt^^  for  the  horse  the  following 
rotid,  300  mms.;  maxillary,  232;  metatarsal,  56  mms.  1 
also  the  same  fact  holds.  The  smaller  the  vein— that  i| 
it  is  to  the  capillary  regioo^the  smaller  is  its  velocitj 


Fis.  ISO.— Diagram  of  (he  eye  I 
Bt ruction  uaed  to  determixiB  the  di 
image  when  th^  idte  of  the  external  i 
n.  The  nodal  point  of  the  eye.     See ' 


Fig.  190. — Sehemftlio  repre.N?rilation  of  the  felative  v«1o«itJ«e  of  the 
different  partn  of  the  vai^rulAr  H^-^tem:  a,  The  arterial  side,  indicetinxl 
each  be»rt  beet  end  the  fnJl  of  mean  velocity  m»  the  art^iioJ  bed  widene 
region — the  greet  diminution  in  velocity  corraeponds  «-ith  the  great  wiift 
V,  the  venous  aide,  nhnwins  tlte  gradual  increeiw  toward  the  lieart.  en 
entirely  unifomi,  alt  hough,  as  «  matter  of  feet,  the  velocity  tn  the  lenpe  r$ 
the  re«tpiratifm!4  and  to  n  smoU  extent  by  the  heart  beet,  owitig  to  the  |  " 
tLB  thevei]Ejiu4  pul^  {p.  510). 


mum  velocity  being  found  in  the  vena  cava.     The 
tions  of  the  velocity  of  the  blootl  in  the  arteries,  ca] 
*  "Archiv  f.  pliysiologische  Heilkimde, "  15,  255,  II 
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veins  may  be  expressed,  therefore,  by  a  curve  such  as  is  shown 
in  Fig.  190. 

Bxplanation  of  the  Variations  in  Velocity. — ^The  general  rela- 
tionship between  the  velocities  in  the  different  parts  of  the  vascular 
tyBUm  is  explained  by  the  difference  in  the  width  of  the  bed  in 
wliich  the  blood  flows.  In  the  systemic  circulation  the  main  stem, 
tlieaorta,branches  into  arteries  which,  taken  individually, are  smaller 
ttid  smaller  as  we  approach  the  capillaries.  But  each  time  that 
an  artery  branches  the  sum  of  the  areas  of  the  two  branches  is 
greater  than  that  of  the  main  stem.  The  arterial  system  may  be 
oompared,  in  fact,  to  a  tree,  the  sum  of  the  cross-areas  of  all  the 
twi^  is  greater  than  that  of  the  main  trunk.  It  follows,  there- 
fore, that  the  blood  as  it  passes  to  the  capillaries  flows  in  a  bed 
oris  distributed  in  a  bed  which  becomes  wider  and  wider,  and  as  it 
letums  to  the  heart  in  the  veins  it  is  collected  into  a  bed  that  be- 
comes smaller  as  we  approach  the  heart.  Vierordt  estimates  that 
the  combined  calibers  of  all  the  capillaries  in  the  systemic  circula- 
tion would  make  a  tube  with  a  cross-area  about  800  times  as  large  as 
the  aorta.  If  the  circulation  is  proceeding  uniformly  it  follows 
that  for  any  given  imit  of  time  the  same  volume  of  blood  must 
pass  through  any  given  cross-section  of  the  system, — ^that  is,  at 
i  given  point  in  the  aorta  or  vena  cava  as  much  blood  must  flow 
^  in  a  second  as  passes  through  the  capillary  region — and  that 
consequently  where  the  cross-section  or  bed  is  widest  the  velocity 
B  correspondingly  diminished.  If  the  capillary  bed  is  800  times 
hst  of  the  aorta,  then  the  velocity  in  the  capillaries  is  -g^  of  that 
n  the  aorta, — say,  -y^  of  320  mms.  or  0.4  mm.  Just  as  a  stream 
#  water  flowing  under  a  constant  head  reaches  its  greatest  velocity 
rtiere  its  bed  is  narrowest  and  flows  more  slowly  where  the  bed 
ridens  to  the  dimensions  of  a  pool  or  lake. 

Variations  in  Velocity  with  Changes  in  the  Heart-beat  or 
he  Size  of  the  Vessels. — ^While  the  above  statement  holds  true  as 
<i  explanation  of  the  general  relationship  between  the  velocities  in 
he  arteries,  veins,  and  capillaries  at  any  given  moment,  the  absolute 
'Velocities  in  the  different  parts  of  the  system  will,  of  course,  vary 
whenever  any  of  the  conditions  acting  upon  the  blood-flow  vary. 
n  the  large  arteries,  as  has  been  said,  there  are  extreme  fluctua- 
Ons  in  velocity  at  each  heart  beat;  but  if  we  consider  only  the 
^m'age  velocities  it  may  be  said  that  these  will  vary  throughout 
le  system  with  the  force  and  rate  of  the  heart  beat,  or  with  the 
Iriations  in  size  of  the  small  arteries  and  the  resulting  changes  in 
ood-pressure  in  the  arteries.  Marey*  gives  the  two  following 
wb:  (1)  Whatever  increases  or  diminishes  the  force  with  which 
e  blood  is  driven  from  the  heart  toward  the  periphery  will  cause 
e  velocity  of  the  blood  and  the  pressure  in  the  arteries  to  vary  in 
♦  "La  Circulation  du  Sang,"  Paris,  1881,  p.  321. 
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the  same  sense.  (2)  Whatever  increases  or  diminishes  th^ 
tance  offered  to  the  blood  in  passing  from  the  arteries  (to  th** 
will  cause  the  velocity  and  the  arteriiil  pressure  to  var>^ 
inverse  sense  as  regards  each  other  That  is,  an  increai 
metance  diminishes  the  velocity  in  the  arteries  while  inci 
the  pressure,  and  I'ice  versa. 

The  Time  Necessary  for  a  Complete  Circttlatian 
Blood, — It  is  a  matter  of  interest  in  connection  with  many  | 
logical  questions  to  have  an  approximate  idea  of  the  time  ne 
for  the  blood  to  make  a  complete  circuit  of  the  vascular  syi 
that  is,  starting  from  any  one  point  to  determine  how  lon^ 
take  lor  a  particle  of  blood  to  arrive  again  at  the  same  sp 
considering  such  a  question  it  must  be  borne  in  mind  tlial 
different  paths  are  open  to  the  blood,  and  that  the  tini 
complete  circulation  will  vary  somewhat  with  the  circuit  a 
followed.  For  example,  blood  leaving  the  left  ventricle  mi 
through  the  coronary  system  to  the  right  heart  and  thence  t 
the  pulmonar>^  s}^6tera  to  the  left  heart  again,  or  it  may  paa 
extremities  of  the  toes  before  getting  to  the  right  heart,  or  it  ir 
through  the  intestines,  in  which  case  it  w^ill  have  t^  travers 
capillary  areas  before  completing  the  circuit.  It  is  obvious 
fore,  that  any  figures  obtained  can  onJy  be  regarded  as  a 
more  or  less  exact.  The  ejcperiraents  that  have  been  madei  h 
are  valuable  in  indicating  how  verv^  rapidly  any  substan 
enters  the  blood  may  be  distributed  over  the  body.  The  ; 
first  employed  by  Bering  (1829)  was  to  inject  into  the  jugui 
of  one  side  a  solution  of  potassium  ferrocyanid,  and  then  frc 
to  time  specimens  of  blood  were  taken  from  the  jugular  veil 
opposite  side.  The  first  specimen  in  which  the  ferrocyanid  c 
detected  by  its  reaction  with  iron  salts  gave  the  least  time  nc 
for  a  complete  circuit.  The  method  was  subsequently  impr 
its  technical  details  by  Vierordt,  and  such  results  as  the  fc 
were  obtained:  Dog,  16,32  seconds;  horse,  28.8  seconds;  rabl 
seconds  ;  man  (calculated),  23  seconds.  The  time  required  i 
the  small  than  in  the  large  animals,  and  Hering  and  \lcrw 
eluded  that  in  general  it  requires  from  26  to  28  beats  of  the  1 
effect  a  complete  circulation.  Stew^art  has  de\Tsed  a  simp 
better  method,'*'  based  upc>n  the  electrical  conductivity  of  thi 
If  a  solution  of  a  neutral  salt,  such  as  sodium  chlorid,  more 
trated  than  the  blood,  is  injected  into  the  circulation,  tl 
ductivity  of  the  blood  is  increased.  If  the  injection  is  tni 
given  moment  and  a  portion  of  the  vessel  to  be  examined  is  j 
connected  with  a  galvanometer  so  as  to  measure  the  el 
conductivity  through  it,  then  the  instant  that  the  solution 
reaches  this  latter  vessel  the  fact  will  be  indicated  by  a  di 
* ''Journal  of  Physiology,"  15,  l,  1894. 
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«f  the  galvanometer.    Using  this  method,  Stewart  was  able  to  show 
that  in  the  lesser  circulation  (the  puhnonary  circuit)  the  velocity 

•  very  great  compared  with  that  of  the  systemic  circulation — 

wJy  about  one-fifth  of  the  time  required  for  a  complete  circuit 

s  spent  in  the  lesser  circulation.    Attention  may  also  be  called  to 

the  fact  that  the  important  part  of  the  circulation,  as  regards  the 

nutritive  activity  of  the  blood,  is  the  capillary  path.     It  is  while 

flowing  through  the  capillaries  that  the  chief  exchange  of  gases 

and  food  material  takes  place.    The  average  length  of  a  capillary 

k  estimated  at  0.5  mm. ;  so  that  with  a  velocity  of  0.5  nmi.  per 

neond  the  average  duration  of  the  flow  of  any  particle  of  blood 

thnmgh  the  capillary  area  is  only  about  1  sec. 

The  Pressure  Relations  in  the  Vascular  System. — ^That  the 
hlood  is  under  different  pressures  in  the  several  parts  of  the  vascu- 
hr  q^stem  has  long  been  known  and  is  easily  demonstrated.  When 
m  artery  is  cut  the  blood  flows  out  in  a  forcible  stream  and  with 
qnrts  corresponding  to  the  heart  beats.  When  a  laige  vein  is 
Mindedy  on  the  contrary,  although  the  blood  flows  out  rapidly, 
tlieatieam  has  Uttle  force.  Exact  measurements  of  the  hydrostatic 
IMBure  under  which  the  blood  exists  in  the  large  arteries  and  veins 
We  first  published  by  Rev.  Dr.  Stephen  Hales,  an  English  clergy- 
Ban,  in  his  famous  book  entitled  ''Statical  Essays,  containing 
Aemostaticks,"  1733.*  This  observer  measured  the  static  pressure 
tf  the  blood  in  the  arteries  and  veins  by  the  simplest  direct  method 
ponible.  After  tying  the  femoral  artery  in  a  horse  he  connected 
^toh  glass  tube  9  feet  in  length.  On  opening  the  vessel  the  blood 
Counted  in  the  tube  to  a  height  of  8  feet  3  inches,  showing  that 
iORnally  in  the  closed  artery  the  blood  is  imder  a  tension  or  pressure 
llffieient  to  support  the  weight  of  a  colunm  of  blood  of  this  height. 
i  amilar  experiment  made  upon  the  vein  showed  a  rise  of  only  12 
lehes. 

Methods  of  Recording  Blood-pressure. — Since  Hales's  work 
lie  chief  improvements  in  method  which  have  marked  and  caused 
^  development  of  this  part  of  the  subject  have  been  the  application 
f  the  mercury  manometer  by  Poiseuillef  (1828),  the  invention  of 
^  recording  manometer  and  kymographion  by  LudwigJ  (1847), 
Hd  tiie  later  numerous  improvements  by  many  physiologists,  and 
ttteriy  the  development  of  methods  for  measuring  blood-pressures 
Biectly  in  man.  The  Hales  method  of  measuring  arterial  pressure 
iieetly  in  terms  of  a  column  of  blood  is  inconvenient  on  account 
^  the  great  height,  large  fluctuations,  and  rapid  clotting.  The 
lo  former  disadvantages  are  overcome  by  using  a  colunm  of  mer- 
ny.     Since  this  metal  is  13.5  times  as  heavy  as  blood,  the  coliunn 

*  For  an  aeooimt  of  the  life  and  workjs  of  this  physiologist  see  Dawson, 
Elie  Johns  Hopkins  Hospital  Bulletin/'  vol.  xv,  Nob.  159  to  161,  1904. 

t  Poiseuille,  "Rechercnes  sur  la  force  du  ooeur  aortique."    Paris,  1S28. 
J  Ludwig,  "Mailer's  Archiv  f.  Anatomie,  Physiologic,  etc.,"  1847,  p.  242 
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which  will  be  supported  by  the  blood  will  be  eorrespond 
and  all  the  fiuctuations  will  be  similarly  reduced.  Poial 
placed  the  mercury  in  a  U  tube  of  the  general  form  shown  ia 
191,  M.  One  leg  was  connected  with  the  interior  of  an  artel 
appropriate  tubing  filled  with  liquid  and  when  the  clamii 
removed  from  the  vessel  its  preasure  displaced  the  merctin*  ii 
limbs  by  a  certain  amount.  The  difference  in  height  l>elwe«i 
levels  of  the  mercur>'  in  the  two  limbs  in  each  experiment  giva 
blood  pressure,  which  is  therefore  usually  expressed  as  beiogi 
to  so  many  mil! i meters  of  mercury.  By  this  expression  it  is  d 
that  the  pressure  within  Die  artery  is  able  to  support  a  ca 


s 


%f^ 


[M 


FEi,  191- — ^1  ScberaA  to  show  the  Focording  roercury  msnometer  and  it»«M 
with  the  artery:  M,  The  manometer  with  ttbe  position  of  Che  mercury  repumiandl 
(the  prciraure  m  given  by  the  dLftance  in  millimeters  between  the  levels  1  and  2:  aai 
thiA  dii^tanoe  is  riworded  ofi  the  kyinogiraptuon  by  tbe  pien»  P) :  F,  the  float  rMtwgll 
tnirrace  of  the  mcrcur>- ;  G,  the  cap  through  which  the  stum  carrying  the  pen  mcrvM;  | 
for  drivn^nR  air  nut  of  the  m&nDrneter  and  for  BBidk  or  wasbins  out  the  tube  lo  uf 
R,  the  ^eHC^ept4»cle  containiiiK  the  ao.' jtion  of  eodiurn  carbonate;  ev  the  cazLDula  foril 
into  the  artery;   ir,  the  waabout  airanitement  shown  in  fletail  m  fl« 

B^  The  washout  eannuia:  c,  the  .gLaae  cannula  ioaerted  into  the  artery;  r,  t| 
conne«te<J  with  Che  reservoir  of  earbonaieaolution ;  &,  the  stem  connected  with  tliii 
eter>  The  arrows  nhow  the  current  of  carbonate  solution  durtns  the  proeoaiol| 
out,  the  artery  at  that  time  beinff  cloeeil  by  a  clamp. 


of  mercuT\'  that  many  millimeters  in  height^  and  by  mult^ 
thia  value  by  13.5  the  pressure  can  be  obtained,  when  ded 
in  terms  of  a  cohimn  of  blood  ox  water.  For  continuous  i 
vationa  and  permanent  records  the  height  of  the  column  of  u$ 
and  its  \'ariations  during  an  experiment  are  recorded  by  the  i 
represented  in  Fig,  191. 
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I  distal  Umb  of  the  U  tube  in  which  the  mercury  n\s<'s  rarries  a  float 
Ifubtj^r,  alumioum,  or  tiome  other  Bubstiiuce  ligltter  tluin  the  mercury. 
It  in  turn  l^jears  ati  upright  at  eel  wire  which  at  ihe  end  of  the  glass  tube 
bough  a  small  opening  m  a  metal  or  ^lass  cap.  At  its  free  end  it  hears 
>tfac«  the  rect>rd.  If  smoked  paper  w  used  the  pen  is  simply  a  smooth- 
\ghss  or  metal  arm,  while  if  white  paper  is  employed  the  wire  carries 
glasa  pen  with  a  capillary  tube,  which  writea  the  record  in  ink.  The 
meeting  the  proximal  end  of  the  manometer  to  the  artery  of  the  ani- 
it  be  filied  with  a  solution  that  retards  the  coagulation  of  blood.  For 
pooe  one  employs  ordinarily  a  saturated  solution  of  sodium  carbonate 
I^Kynate  or  a  5  per  cent,  aolution  of  aodiuiii  citrate.  This  tube 
led  abo  by  a  T  piece  to  a  rejH^rv'oIr  containing  the  carbonate  solu* 
t  by  varying  the  height  of  this  latter  the  pressure  in  the  lube  and 
Dmeter  may  be  adjuMted  beforehand  to  the  preaaure  that  is  sup- 
;  known  to  exist  in  the  arterj'  under  experiment.  By  this  means 
d,  when  coDoectioos  are  mmie  with  the  manometer,  does  not  pen- 
r  into  the  tube,  and  clotting  is  thereby  delayed.  In  long  obser- 
it  is  most  convenient  to  use  what  is  knovvn  as  a  trashoul  cannula, 
Dture  of  which  is  reprcsw^ntcd  in  Fig.  191,  B,  When  this  instru- 
^ttache«i  to  the  cannula  insertcfl  iiUo  the  blood-vessr!  one  can,  after 
bptng  off  the  artery,  wash  out  the  connections  between  the  artery 
manometer  with  fresh  carbonate  solution  as  ofl«n  as  desired.  By 
mns  continuous  records  of  arterial  pressure  may  be  obtained  during 
|irs.     Determinations  of  the  preFsure  in  the  veina  may  be  made  with  a 

Eparatus,  but  owing  to  the  low  valuca  that  prevail  on  this  side  of 
Ltion  it  is  more  convenient  to  use  pome  form  of  \%ater  manometer 
record  the  venouti  pressures  in  terms  of  I  he  height  of  the  water  column 
d.  It  should  be  added  also  that  when  it  is  nwessary  1o  know  the 
in  any  special  artery  or  vein  the  conuectluns  of  the  manometer  are 
Bally  to  a  side  branch  opening  more  or  leas  at  right  angles  into  the 
ider  investigation,  or  if  this  is  not  possible  then  a  X  tube  is  instated 
manometer  is  connected  with  the  side  branch.  The  reason  for  this 
e  is  that  if  the  orlerj'  it-seli  is  ligated  and  the  manometer  is  con- 
ith  its  central  stiimp,  the  flow  in  it  and  its  dciJcndMit  system  of  capil- 
"  veins  is  cut  off;  tlie  stump  of  the  artery  constitutes  *^imply  a  con- 
of  the  tube  from  the  manonicter  and  server  an  a  side  connection 
artery  from  which  it  arises.  Thus,  w  hen  a  manometer  is  injserted 
itid  artery  the  pressure  that  is  measured  is  the  side-pressure  in 
tte  or  aorta  from  which  it  arises,  while  a  cannula  in  t lie  central 
W  femoral  artery  measures  the  pressure  in  tlic  iliac.  A  Hpecimen  of 
SriowB  as  a  blood-pressure  record  is  showTi  in  Fig,  192,  The  exact 
M  any  instant,  in  millimeters  of  me^cur>^  is  obtained  by  measuring 
iice  t»etween  the  base  line  and  the  record  and  multiplying  by  2. 
line  represents  the  pomtion  of  the  recording:  pen  when  it  is  at  its 
iion  for  the  conditions  of  the  ox  peri  menu  It  w  necessar}-  to  multiply 
ice  between  the  base  line  and  the  record  by  2,  becauscp  as  u?  seen  in 
the  ret*ording  apparatus  measures  ooly  the  rise  of  the  mercury  in 
f)f  the  manometer;  there  is,  of  course,  an  cfjual  fall  in  the  othex  limb. 

Jjlood-preasure  recorti  (Fig.  192)  shows  usually  large  rhyth- 
imtions  corresponding  to  the  respiratory  movements  and  in 
1  Binaller  waves  caysed  by  the  heart  beat.  The  causes  of  the 
>ry  waves  of  pressure  are  discussed  in  the  section  on  respi- 
Regarding  the  heart,  waves  or  pulse  weaves  the  usual  record 
■  by  means  of  a  mercury  nmntvmeter  gives  an  entirely  false 
^f  the  extent  of  the  variations  in  pre.ssure  caused  by  the  lieart 
lie  mass  of  merciir}^  possesses  considerable  weight  and  iner- 
ih  unfits  it  for  following  accurately  very  rapid  changes  in 
When  the  pressure  changes  are  slow,  as  in  the  ease  of 
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b.  These  arteries  are,  in  fact,  subject  to  very  rapid  and 
^e  changes  in  pressure  at  each  beat  of  the  heart,  and 
I  are  naturally  more  pronounced  when  the  force  of  the 
increased, — ^for  instance,  1  y  muscular  exercise. 
Diastolic,  and  Mean  Arterial  Pressure. — ^As  stated 
aragraph,  the  arterial  pressure  in  the  larger  arteries 
tenfflve  variations  with  each  heart  beat.  The  maxi- 
e  caused  by  the  systole  of  the  heart,  the  apex  of  the 
B  spoken  of  as  systolic  pressure;  the  minimmn  pressure 
-^bat  is,  the  pressure  at  the  end  of  the  diastole  of  the 
Ixiitom  of  the  pulse-wave,  is  known  as  the  diastolic 
i^k  dog  under  ordinary  conditions  of  experimentation 
litaal)  pressure  in  the  aorta  may  be  as  much  as  168 
|||e  diastolic  pressure  is  only  100  mms.    In  man  the 
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rapresentation  of  the  pressure  change  caused  by  each  hear! 
„nt8  three  heart  beats  supposed  to  be  recorded  on  a  rapidly  moving 
delicate  enough  to  follow  the  pressure  changes  accurately.  T^ 
the  systolic  pressure;  the  bottom  the  diastolic  preasure. 


rare  as  measured  in  the  brachial  artery  may  be  taken 
ibers  as  equal  to  110  to  1 16  mms.,  while  the  diastolic 
jnly  65  to  75  mms.  The  difference  between  the 
the  diastolic  pressure  has  been  designated  con- 
the  pulse  pressure.  It  measures,  of  course,  the 
)ressure  in  any  given  artery  caused  by  the  heart  beat, 
3  that  artery  is  concerned  it  gives  the  force  of  the 
xcept  for  the  small  component  used  to  accelerate 
nt  of  the  blood.  From  the  figures  given  above  it 
.  that  the  pulse  pressure  in  the  brachial  artery  of 
s  45  mms.  Hg.  Each  systole  of  the  heart  distends 
therefore,  by  a  sudden  increase  in  pressure  equal 
t  of  a  column  of  mercury  45  mms.  high.  As  we 
in  the  arterial  tree  the  pulse  pressure  becomes  less 
e  oscillations  in  pressure  with  each  heart  beat 
rked,  until,  finally,  in   the   smallest  arteries   and 
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capillaries  and  in  the  veins  there  is  no  pulse  wave,  and 

between  systolic  and  diastolic  pressure.     In  speaking  i 

in  the  blood-vessels  we  refer  usually  to  what  is  cat 

presi3ure.     It  is  obvious  that,  so  far  as  the  larger  ar(| 

cemetl,  the  mean  pressure  is  only  a  convenient  expi( 

average  pressure  during  a   certain   period.     If,   by  I 

descri!>ed  lielow,  we  determine  tlie  systolic  and  diasi 

in  the  artery  of  a  man,  and  assume  that  there  has  b^ 

variation  between  the  two  observations,  we  can  estin) 

pressure  with  approximate  accuracy  by  taking  th« 

mean  of  the  two  figures,  or  by  adding  to  the  diastoUo 

half  of  the  pulse  pressure. 

The  ftrilbmetical  mean  of  eyst-olic  and  diastolic  pressures  4 
heart-beat  does  not  give  the?  true  moan  pressure,  owing  to  1 
pulse  wave  (we  Fig.  214).  If  the  rise  from  diastolic  to  Kystd 
the  8ueeeeding  fall  took  place  uniformly^  ho  that  the  pulse  cii 


Fi^,  194. — Schema  to  iBdicnto  the  geocml   ralarioiLA  of 

pmsaurea  throuf^hout  thp  arterial  ByjsteiJi :  Mf  Syjrtolic;   m,  m< ,   _,  

at  l>eji:iiininir  of  the  capillarif*^.  The  difttance  from  t  to  d  reprcMento  t!bl 
different  parts  of  the  arteriiiJ  syBlijin. 

A  true  triangle,  the  tnie  mean  .pressure  would  he  g:iven  by  l 
mean  of  the  two  pressures.  As  a  matter  of  fact^  the  d 
of  tlie  pulse  curve  is  not  a  straight  but  a  curved  line,  not 
niorcHiver,  by  iJecDniiary  waves.  The  ix>sition  of  the  mean  1 
any  given  heart-beat  will  vary,  therefore,  with  the  form  of  t| 
Geoerally  speaking,  it  Uea  nearer  to  the  diastolic  than  to  the  sj( 

In  physiolo^cal  ohservations,  as  a  rule,  no  attemj 
estimate  the  nwan  pressure  for  any  given  time  with  \ 
accuracy.  In  the  ordinaiy  tracing:  as  p^iven  by  the  8 
ometer  (Fig.  192)  the  mean  pressure  for  any  given  } 
which  the  variations  ha%'e  been  symmetrical  and  n| 
estimated  as  the  arithmetical  mean  of  the  highei 
points  reached.  When  desirable,  the  mean  press 
recorded  by  int  rot  hieing  a  resistance  (nan-owing  the  U 
of  a  stopcm^k)  l>et\veen  the  artery  and  the  manometer 
*  See  Dawson,  "  British  Medical  Journal/'  1906. 1 
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^C^^lacnm  showing  construction  of  Harthle's  manometer. — (After  CuHu.) 
iMn2^  heart  or  the  artery  is  connected  by  rigid  tubing  to  a  very  small  tambour, 
"^™«  ^Qd  the  tambour  are  filled  with  liqmd.  The  movements  of  the  rubber  dam 
j?**gibour  are  greatly  magnified  by  a  compound  lever,  S,  Tlie  tendency  of  this 
"rS .  may  be  prevented  oy  an  arrangement  not  shown  in  the  diagram.  The 
'™^Ple8  of  the  recorder  are.  first,  liquid  conduction  from  heart  to  tambour; 
veiy  mnall  tambour  and  membrane  asy  that  a  minimal  volume  of  liquid  escapes 
■•rt  uito  th^  tambour. 


^  record  mean  pressure  and  show  no  variations 
E  beart-beat.  A  general  idea  of  the  variations  in 
t  diastolic,  and  mean  pressures,  throughout  the 
system,  may  be  obtained  from  the  schema  ^ven 
194. 

ickI  of  Measuring  Systolic  and  DiastoUc  Ptes- 
Lnimals, — In  animals  a  manometer  may  be  con- 
Erectly  with  the  artery  and  systolic  and  diastolic 
I  may  be  obtained  in  one  of  two  general  ways: 
sing  some  form  of  pressure  recorder  or  manom- 
ciently  mobile  to  follow  very  quick  changes  of 


. — Schema  to  iUustrate  the  use  of  valves  in  determining  maximum  (ssmtolio) 
m  (diastolic)  blood-pressure.  When  stopcock  a  is  open  the  heart  beats  are 
through  the  maximum  valve  and  the  mercury  in  the  manometer  is  prevented 
wtween  beats.  The  manometer  will  record  the  highest  pressure  reached  during 
obeervation.    The  reverse  occurs  when  valve  b  alone  is  open. 
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pressure,  (2)  By  using  a  mercury  manometer  provided  with 
maximum  and  minimum  valves.  Of  the  manometers  that  hiv» 
been  devised  to  register  accurately  the  quick  changes  in  prp*suTf 
due  to  the  heart  beat,  the  one  that  has  been  most  successful  is  ibe 
membrane  manometer  of  Hiirthle.* 

The  principle  made  use  of  in   the  Hurt  hie  tnanometer  is  illu8tr»t«l| 
by  the  diagram  in  Fig.  195.     The  instrument  consists  essenti&Uy  of  ft  «&tD 
box  or  tambour  of  very  limitecj  capacity;  the  top  of  the  t^imboiir  b  corwei  I 
with  thin  nibber  dam    and  the  cavity  is  filled  with  liquid  and  pcmnwited  bf 
rigid  tubing,  also  tilled  with  liquid,  with  the  interior  of  th^  heart! 

Variations  in  pressure  in   the   artery  are  transmitted  throii^  rnna  j 

liquid  t-o  the  rul>ber  tnembrane  of  the  tambour,  and  the  luus  tiiif.;.>  of  tWl I 
latter  are  greatly  magnified  by  a  sensitive  lever  attached  to  it,  Theliquiij 
conduction  and  the  small  size  of  the  tambour,  which  prevents  anynotie^l 
able  outflow  of  liquid,  combine  to  make  a  sensitive  and  ver\^  prompt  itxtifiitf  I 
of  pressure  clianges.  It  is  neces8iir>'  to  c*aiibrate  this  iDstruiueot  wbrijnif  1 
uaed  in  order  to  give  absolute  values  to  the  records  obt-ained.  A  sp^inro»ll 
of  a  blocKl-pressure  reoord  obtaincil  with  thia  instrument  b  abown  in  Fig.  l^J 
It  will  be  noticed  that  the  size  of  the  hejirt-beat^  relative  to  the  dist4kll 
the  base  line,  is  much  greater  than  in  the  record  obtained  with  the  1 
manometer,  Fig.  Iil2. 


Fiff.  197.  — Blood -|jre.'*.'«U(t*  n?ronl  from  u  dnfl:  with  a  Hurt  hie  manomet^pr.  V»  * 
of  the  heart  bent^  ij«  relatively  mucti  f^reater  th»n  with  n  mercury  niaooniet«r.  la  (ba ' 
the  tiyiKitDlir  presnutc  la  about  150  mnm.  Hg;  the  liiaHtuliCt  100  zmna.;  «od  the  hortliPt 
puW  prfwsuTe,  50  mms. 


The  method  that  depends  up^jn  the  use  of  maximum  and  minimum  ^ 
mav  be  understood  )>y  reference  to  Fig,  100*     On  the  path  betwr^n  th«  a 
an  J  the  manometer  one  may  place  a  maximum  and  a  minimum  valve  »i 
ranged  that  the  bliwd- pressure  ami  heart  l>e^t  may  be  transmitted  tkr 
cither  valve.     As  is  ?^howii  by  the  figure,  if   the  connection   is  raamtJ 
through  the  maximum  valve  for  a  certain  time  the  highest  pressure  i 
during  that  periotl  will  be  reconlsd^  while,  when  the  minimum  valve  ill 
the  low^est  pressure  reached  will  be  indicate<i. 

Such  valves,  of  course,  act  slowly  and  can  not  be  used  to  detenmw^ 
maximum  and  minimum  pressure  in'  the   artery  during  a  single  heart  I 
they  record  the  highest   luid  lowest   point  reached  during  a  certain 
interval. 

Actual  Data  as  to  tbe  Mean  Pressure  in  Arteries,  Ve 

and  Capillaries.— The  mean  value  of  the  pressure  in  ilw 
has  been  determi  ne<  1  for  man%'  inammab,     1 1  is  found  that  the  act 
*  Archiv.  f.  d.  gesammte  Phyaiologie/*  49,  43,  1891. 
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PSf.  IPSL—Cunre  showing  the  results  of  actual  measurement  of  systolic,  diastolic,  and 
prHBUre  (lateral  pressures)  along  the  aorta  and  femoral  of  the  dog.  The  branches 
Vk  whidi  the  lateral  pressures  were  obtained  are  indicated  as  follows:  S6,  Left  sub- 
la;  C'M,  celiac  mtid  superior  mesenteric;  R,  left  renal;  F,  left  femoral  (Ellenberger 
mm),  external  iliac;  P,  profunda  branch  of  femoral:  S,  saphena.  The  pressure  in 
Miera  is  given  along  the  ordinates  to  the  left.  It  will  be  noted  that  the  mean  and 
iMtolie  pressures  reoiain  practically  the  same  throughout  the  descending  aorta  and 
ibe  femoral.  The  systolic  pressure  shows  a  marked  increase  at  the  lower  end  of 
iffta  and  thmi  falls  off  rapidly.  The  pulse  pressure  at  the  inferior  end  of  the  descend- 
nta  is  mueh  larger  than  at  the  arch. — (Dawton.) 


es  vary  with  the  conditions  under  which  the  results  have  been 
Ined.    Such  values  as  the  following  may  be  quoted:* 


Horse 

Dog 172 

Sheep 206 

Cat 150 

Rabbit 108 

Man  (probable,  Tigeratedt) 150 


321  mms.  to  150  mms.  Hg. 

-—  '  it      1Q4  U  li 


90 


♦See  Volkmann.  "Die  Haemodynamik,"  1850. 
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It  appeans  from  these  figures  that  there  is  no  proportifl 
the  size  of  an  animal  ami  the  amount  of  mean  arterial  pn 
is  probable  that  there  may  l>e  a  general  relationship  l>eti 
size  of  the  animal — ^that  is,  the  size  of  the  heart — and  the 
of  pulse  pressure  or  the  oscillation  of  pressure  with  each  he 
but  sufficient  data  ar-e  not  at  hand  to  determine  this 
we  pass  from  the  aorta  to  the  smaller  arteries  the  me 
decreases  somewhat,  although  not  very  rapidly,  while 
pressure  decreases  also  and  to  a  more  noticeable  exten^ 

This  fact  is  illustrated  in  Fig.  198,  which  givea] 
representation  of  a  number  of  experimental  determiE 
systolic  and  diastolic  pressures  in  the  large  arteries  of 

If  we  turn  to  the  other  end  of  the  viiscular  system,  t 
we  find  that  the  lowest  pressure  is  in  the  venae  cava'  an 
increases  gradually  as  we  go  toward  the  capillary  area. 
ing  to  one  oV»server;|  the  fall  in  pressure  from  peripher] 
the  heart  is  at  the  rate  of  1  mm.  Hg  for  every  35  mms.  oti 
We  have  such  figures  as  the  following: 

Doa  {Opiti).  StcvBP. 

Superior  verm  cftva  (nesr  JucuIat  vein     ...... 

auricle)    .....,..«  —2,96  tnms.  H«.        Facial  v<»in 

Bup«rior  v«nA  cAva  more  Branch  of  bmchiat    . 

diflial        --......-  -1.S8      ■'       *'  Cnirmi 

External  jugular  Oeft)  .   .  =      0.62  ttiiii.     " 
Ri«ht  bmeliial ...   ►  .  .  -*      3.9t1  oims.  " 

I^n.  facial =      5,12       " 

Left  rcmoml  .......  ^      6.39      " 

Left  aaphenoiM «      7.42     " 


Fig.  19&.''Boh«matic  repredenUCion  of  the  eeaeml  relationa  of  blood^i 
praneune)  in  different  parU  of  the  vascular  (■>'fltcm:  a,  Tb«  arterie*;  r,  th«  ei 
the  vpinN.  The  nncAn  anddiastohe  pvesfnUTts  remain  nearly  conatant  in  the  arM 
as  far  a*  they  eaii  be  measured  at'Pii rarely  The  presnurca  in  the  vein*  are  i<| 
uniform  at  any  one  point.  In  the  lartee  vein?  n««ir  the  heart  there  are  v&riatics 
with  each  respiration  and  with  eatU  heart  beat  cVenouu  Pulse,  p.  520>. 


At  the  heart,  therefore,  tlie  pressure  of  the  blood  upon  ' 
of  the  veins  is  very  small,  and,  indeed,  owing  to  the  eirci 
that  the  large  veins  lie  in  the  thoracic  cavity^  in  which 
sure  is  below  that  of  the  atmosphere,  the  pre*ssure  of 


•  Dawson,  "iVmerican  Jounttd  of  Physiologj*/*  15,  244,  KKXi, 
t  Burton-Opits,  "American  Joiimttl  of  Physiology,**  9,  1^,  " 
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them  may  also  be  below  atmospheric  pressure,  although  doubt- 
ksB  at  this  point  (vena  cava)  the  pressure  within  the  vein  is 
greater  than  the  pressure  on  its  exterior  (intrathoracic  pressure). 
Wdng  into  account  the  negative  intrathoracic  pressure  (p.  648) 
H  may  be  estimated  that  the  difference  in  pressure  between  the 
blood  in  the  veins  of  the  neck  and  that  in  the  superior  vena  cava 
is  equal  to  4  or  5  mms.  Hg.,  and  this  difference  is  sufficient  to  drive 
the  blood  into  the  heart  and  to  fill  and  distend  it  rapidly  during 
diastole*  To  complete  the  general  conception  of  the  pressure 
relations  in  the  vascular  system  it  is  necessary  to  know  the  pressure 
rfthe  blood  in  the  smallest  arteries  and  veins  and  in  the  capillaries. 
It  is  not  possible — in  the  cases  of  the  capillaries,  for  instance — to 
comiect  a  manometer  directly  with  the  vessels,  and  recourse  has 
beoi  had  to  a  less  direct  and  certain  method.  The  pressure  in  the 
claries  in  different  regions  of  the  skin  has  been  estimated  by 
fctemiining  the  pressure  necessary  to  obliterate  them — that  is,  to 
blanch  the  skin.  A  glass  plate  is  laid  upon  the  skin  or  mucous 
Membrane  and  weights  are  added  imtil  a  distinct  change  in  the 
olor  of  the  skin  is  noted  t  Knowing  the  necessary  weight  to  pro- 
kicethis  effect  and  the  area  submitted  to  compression,  the  pressiire 
lay  be  expressed  in  terms  of  millimeters  of  mercury  or  blood. 

The  foDcmng  example  may  be  used  to  illustrate  this  method.  Suppose 
Ut  the  glass  plate  has  an  area  of  4  sq.mms.,  and  that  to  blanch  the  skin  under 
a  weight  of  1  gm.  is  necessary;  1  gnu  of  water  =  1  c.c.  or  1000  c  mms. 
ber^ore  to  blaunch  this  area  would  require  a  column  of  water  contain- 
^  1000  cmms.  with  a  cross-area  of  4  sq.mms.  The  height  of  this  column 
«nild  therefore  be  equal  to  -^^^  or  250  nuns,  of  water, — that  is,  IS.5  nmis. 

The  results  obtained  by  this  method  are  not  very  constant  and 
in  only  be  considered  as  approximate.  It  would  appear,  how- 
^r,  that  the  pressure  lies  somewhere  between  20  and  40  mms. 
f  mercury.  Thus,  upon  the  gums  of  a  rabbit  von  Kries  found  a 
ipillary  pressure  of  33  mms.  Hg. 

By  means  of  a  more  adjustable  instrument  von  Reckling- 
ausenl  estimates  that  in  man  the  pressure  within  the  capil- 
tfies  of  the  finger-tips  or,  to  be  more  accurate,  within  the  small 
rteries  supplying  these  capillaries,  is  equal  to  55  mms.  Hg. 
tee  p.  497.) 

The  general  relations  of  the  pressures  in  arteries,  veins,  and 
^pillaries  may  be  expressed  in  a  curve  such  as  is  shown  in  Fig. 
19. 

It  should  be  added  that  in  this  curve  and  in  all  the  figures 
far  quoted  in  regard  to  the  actual  pressure  within  the  different 

•  Henderson  and  Barringer,  "Amer.  Journal  of  Physiology,"  31,  352. 1913. 
t  V.  Kries,  "Berichte  d.  Sachs.  Gesellschaft  d.  W iss.  Math.-phys.  Classe," 
5.  p.  148. 
i  Von  Recklinghausen,  "Archiv  f.  exp.  Path.  u.  Pharmak.,"  55, 375, 1907. 
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arteries  and  veins,  it  is  assumed  that  the  animal  is  in  a  1 
posture.  In  an  animal  standing  upon  his  feet,  espc 
an  upright  animal  like  man,  it  is  obvious  that  the 
gravity  will  modify  greatly  the  actual  figures  of  pressun 
the  arteries  and  veins  of  the  feet,  for  example,  there 
exerted  a  hydrostatic  pressure  equal  to  the  height  of  ^ 
of  liquid  between  the  feet  and  the  heart,  which  adds  iU 
pressure  resulting  from  the  circulation  as  caused  by  fl 
When  the  animal  is  in  a  recumbent  position  the  hydros 
tor  practically  disappears.     (See  p.  506.) 


Fig,    2011. — Fi£:ure  of  the   Riva-RtMrci  apparatiia  (Sahli):    a.  The 
tnsiiJe  rubber  bag  u*  tgit  on  the  arm;    c,  the  buJb  for  iilowmK  up  the  rubber  1 
cofripresHirig  the  arler>;  d,  the  rnanometfir  dippinjg;  into  the  naarvoir  of  tneretir; 
jsure  the  ajnount  of  pressure* 


I 


The  Method  of  Determmmg  Blood-pressure  in 
Arteries  of  Man.^It  is  a  matter  of  interest  and  practic. 
tance  to  ascertain  even  approximately  the  arterial  preesu] 
and  its  variations  in  health  and  disease.  The  first  praetid 
for  determining  this  point  tq^n  man  was  suggested  by  v 
(1887),  who  de%'ised  an  instrument  for  this  purpose,  the  i 
manometer.  Since  that  time  a  number  of  different  ids 
have  been  descril>ed,  but  attention  may  be  called  to  two  oo 
illustrate  yufficiently  well  the  principles  involved.  In 
place,  it  ntust  be  clearly  recognize<l  tliat  the  art^erial  pi 
the  large  arteriei^  of  man  shows  marked  variations  wi 
beat;  the  pressure  during  the  beat  of  the  heart  rii 
to  a  much  higher  level  than  during  the  diastole,  Tl 
tiie  syistolic  (or  nuiximum)  and  diiusto!ic  (or  minimim^ 
is  indicatetl  by  the  diagram  in  Fig.  194.  The  iastruin 
have  been  invented  for  determining  human  l>lood-pi 


lal  pi 


VELOCITY   AND    PRESSURE    OF   BLOOD-FLOW.  491 

reality  adapted,  more  or  less  accurately,  to  determine  one  or  the 
other  or  both  of  these  pressures.  No  instrument  has  been  devised 
for  determining  the  mean  pressure,  and  as  a  matter  of  fact  such 
a  thing  as  mean  pressure  does  not  exist  in  the  large  arteries,  it  is 
amply  an  abstraction.  What  really  occurs  in  these  arteries  is  a 
ni|Hd  swing  of  pressure  with  each  heart-beat  from  the  diastolic 
to  the  systolic  level,  and  to  interpret  fully  our  records  it  is  import- 
ant to  determine  each  of  these  values.  The  principle  of  deter- 
mining the  systolic  pressure  alone  is  very  simple:  it  consists  in 
determining  the  amount  of  pressure  necessary  to  completely 
obliterate  the  artery, — ^that  is,  to  prevent  a  pulse  from  passing 
through  the  r^on  under  compression.  This  principle  was  used 
originally  by  von  Basch,  but  its  application  has  been  made  per- 
l^ps  most  successfully  in  the  simple  apparatus  suggested  by  Riva- 
Rocci,  which  is  adapted  especially  for  measurements  of  pressure 
^  the  brachial  artery.  One  form  of  this  instrument  is  represented 
n  Kg.  200. 

Hie  leather  or  canvas  band,  a,  is  buckled  snugiv  around  the  arm.  On 
he  inner  surface  of  this  band  there  is  a  rubber  bag  which  communicates  with 
be  mercury  manometer,  d^  and  the  pressure  bulb,  c.  When  the  band  is  in 
•lace  rh3rthimcal  compressions  of  c  will  force  air  into  the  rubber  bag  surround* 
^  the  arm.  This  bag  is  blown  up  and  exerts  pressure  upon  the  arm  and 
wu^h  the  arm  tissue  upon  the  brachial  artery.  The  amount  of  pressure 
hat  is  being  exerted  upon  the  arm  is  indicated  at  any  moment  by  tne  mer- 


r^— i(n==^n> 


^Fif.  201.— Schema  to  fllustrate  the  fact  that  when  the  pressure  upon  the  outside  of  the 
Hery  is  equal  to  the  diastolic  pressure  the  pulse  wave  will  cause  a  maximal  expansion  of 
"""  "  » normal  artery  distended  by  diastolic  blood-pressure ;  the  dotted 

il  expansion  caused  by  the  pulse  wave ;  b  represents  the  artery 

r ^ I  outside  pressure  equal  to  the  diastolic  pressure  within;  the  artery 

MB  takes  the  siie  of  an  empty  artery  kept  patent  bv  the  rigidity  of  its  walls.     The  pulse 
jgw>»  on  reaching  this  eection,  finds  a  relaxed  wall  and  causes,  therefore,  a  maximum 


OiT  manometer.  The  moment  of  obliteration  of  the  artery  is  determined 
y  feeling  (or  recording)  the  pulse  in  the  radial  artery.  The  moment  that 
ob  pulse  disappears,  as  the  pressure  upon  the  brachial  is  raised,  indicates  the 
kuamum  or  systolic  pressure  in  the  brachial  artery.  As  the  pressure  is  low- 
led  again  the  pulse  reapj)ears.  Among  other  sources  of  error  involved  in 
bit  method  it  is  to  be  remembered  that  the  tactile  sensibility  is  not  sufficiently 
iGeate  to  detect  a  minimal  pulse  in  the  artery.  Other  methods  of  determin- 
K  the  eysUAic  pressure  (see  below)  indicate,  as  a  matter  of  fact,  that  the 
use  continues  some  time  after  an  individual  of  average  tactile  sensibility  is 
liable  to  detect  it. 

To  determine  the  diastolic  pressure  is  more  difficult  and  requires 
anewhat  more  apparatus.  The  principle  usually  employed  was 
«t  suggested  by  Marey  and  first  practically  applied  by  Mosso.* 
be  method  consists  in  recording  by  some  means  the  pulsations 

♦  ^^Archives  italiennes  de  biologic,"  23,  177.  1895. 
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of  tlie  artery  under  dilTerent  pressures  and  determining  unif  I 
what  pressure  the  maximal  pulsations  are  given.     This  pmmrel 
should  be  equal  to  the  diastolic  pressure  within  the  artery.   Th* 
principle  involved  may  be  illustrated  by  the  accompanyiDg  fipurf 
(Fig.  201). 


Fig.  202. ^Record  iErlatiQer)  to  fthow  thp  mait^miiuni  ddte  of  iJbe  reconkd  p*l*  j 
wave  whey  the  outside  or  extravai^ulur  prehsum  b  eqixul  to  the  int«raat  dijuttciti«  pniMA- 
The  art«ry  in  compresHed  Brst  wiib  s  pressure  above  avatalic,  sufficient  to  obliU'nt*  th* 
lumen*  Ab  tliis  preasure  la  lowered  io  steps  of  S  mmt,  tbe  recorded  pulse  wiive  tneitaflii 
tUe  lo  It  mnximum  uid  then  agaia  beoomes  umaller.  The  out«ide  pre»ure  with  whid^tki 
maxuniim  pulse  b  obtained  measures  the  amount  of  the  internal  diastolic  praanir»  ()tufiF^  { 
principle). 

Let  a  represent  a  lotigitutlinal  Rt*ction  of  an  artery  dist'ended  by  i 
diastolic  arterial  pregsure.     At  each  heart  beat  the  force  of  the  pulse  wifldi^J 
tend  the  artery  Btill  more^  ns  represented  by  the  dotted  ImeB,  and  thia  r 
crease  in  m^e  may  be  measured  by  proper  transmitting  apparatua.    U  i 


m 


Fits,  2(13> — Schema  showing  the  construction  of  the  Ertaneer  apparatllar  •*  1 
bog  of  the  arm  piece;  C,  bulb  for  bLowiciig  up  thi«  ba«  and  putting  preamre  cm  the  acs;  | 
the  manometer  for  me«u<unng  the  pressure;^  f,  two-wav  stopcock  (wbtta  tuniad  «  ••* 
comniunicate  with  the  rapillary  apeninf?,  k,  it  aUowa  the  preasui^  tn  a  to  faU  daw^U^ 
a  rubl:H^r  b»K  in  a  gloss  chamber,  /,*  <  communioatee  with  a  when  atopeockif  ii  OIMB  *■! 
the  pulse  wa%'e«  trom  a  are  transmitted  to  e;  the  puIaaiiooB  of  *  in  turn  snt 
Co  the  delicate  tjunbour.  A,  Aod  mn  tbua  reconlad. 


pressure  is  brought  to  bear  upon  the  outside  of   the   artery    its 
will  be  diminishi!ti  aa  the  outaide  preeaure  Lb  increased,  and  when  tlui 
sure  is  equal  to  the  diastribe  blood-prewure  within  the  arler>*  one  wtBi 
Iralizc  the  other,  and  the  djamet<?r  of  the  arterj'  will  be  equal  to  that  i 
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1  contains  blood  under  no  prpssiir<?  and  is  kept  patent  only  by 

of  ita  walls  (/>),     UndiT  this  condition  the  piilfM?  wave  when  it 

^this  portion  of  the  %'c^sel  findj  its  walia  completely  relaxed,  a,^  it 

ltub  force  of  the  heart  w^ave  w^ill  consequently  cause  a  greater  dis- 

tbe  arterial  walls  and  a  larger  pulne  wave  in  the  recording  appa- 

the  outside  prpMSure  is  increased  beyond  the  amount  of  diastolic 

lit  will  not  only  neutralize  this  latter,  but  will  tend  to  overconie  the 

of  the  arterial  wall    Wlien  the  pulni?  wave  passes  through  thii?  stretch 

lfon?ed  not  only  to  distend  the  walla,  but  also  to  overcome  the  excesa 


•^EiiAQKcr  appanitus,     Tbe  eollur  for  the  arm  is  not  shown.     The  [>&rt»  mny  be 
undersiood  by  reference  to  the  Bcli^ma  Kiven  in  Fig.  203. 

ire  on  the  outride.  The  movement  of  the  walls  with  the  pulse  wave 
bsii  extensive  in  proportion  to  the  excess  of  pressure  on  tne  outside. 
lfore»  one  starts  with  an  r>utside  pressure  sufficient  to  obliterate  the 
(wnpletely  the  recorded  pube  wave  will  be  small.  As  this  pressure 
dira,  the  pulse  waves  become  larger  wp  to  a  certain  point  and  then 
aigain  in  size  (see  Fig.  2()2'l.  The  outside  pressure  at  which  this 
n  pulse  is  obtained  mefl-'?ures,  according  to  t  he  principle  stated  above, 
lolic  pressure  within  the  artery.  That  the  prinr*iplc  is  correct  has 
fR-^n  by  direct  experiments  upon  the  exposed  artery  of  a  dog,  in  which 
iure  waa  measured  by  the  method  outlined  above  and  also  direct iy 
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by  a  manometer  conDected  with  the  interior  of  the  artery,*  In  puch 
ments  upon  man,  however,  one  condition  is  present  which  dctr&clsfn 
absolute  value  of  the  results  obtained,  ait  nought  since  it  is  subsli 
a  constant  factor,  it  does  not  «*eriously  interfere  with  relative  r«$ull 
is,  with  observations  up)on  the  variations  of  pressure  under  difTcreiit 
tions.  This  source  of  error  lies  in  the  fact  that  in  the  living  person  t 
side  pressure  can  not  l>e  applied  directly  to  the  arteries,  but  only  iiu 
through  the  intervening  tissues.  The«e  ti^uej?  interpose  a  certtun  rei 
to  the  pressure  exerted  from  without,  and  some  of  this  prcasure  must  b 
in  overcoming  this  resistance.  The  amount  of  the  resistance  offered 
tissues  has  been  estimated  differently  by  various  authorBy  but  probfl 
between  fi  and  10  mms.  of  mercury^ — that  is,  the  pressure  as  measured  I 
the  real  diastolic  pressure  by  this  amount.  Several  instruments  hM\ 
devised,  according  to  this  principle,  to  measure  diastolic  preasureB.  1 
sphygmomanometer  described  by  Erlangerf  is  probably  tne 


Pig.  205. — To  ahow  the  method!  of  det^ctiuK  tl 


freitmire  upon  iim  tmm 


by  the  EriDLiixpr  aphypmomanomotcr.     The  prpssurt^-  ui>ud  the  arm  u  raoMd  ftbo^ 

Sreaanirc  ariit  w  thofi  dropped  S  rniri.  nt  &  linn?,  a  short  re«eord  beiiiK  taken  ttfter  m 
li'cordti  Arc  nhuwD  for  I^IO,  125,  120^  115,  and  111^  tnm.  At  115  mm,  it  will  b«  ■ 
the  litiiba  uf  the  pulae-wa%''o  Ahow  the  mparatioa  or  BpreadioK  which  indicato*  tin  fin 
wave  to  not  through  the  w^cluded  mrtcry,  jwd  therefore  the  nyatolk  pnmon, 

and  the  mo^t  convenient  for  actual  use.  This  instrument  is  illtistn 
Figs.  203  and  204. 

it  may  be  used  to  determine  both  systolic  and  diastolic  pressure. 

The  way  in  which  the  apparatus  is  used  may  l>e  understood  from  th 
matic  Fig.  203.  n  is  the  rubber  bag  which  is  buckled  upon  the  arm  by  a 
8trap.  This  bag  communicates  with  the  mercury  manometer,  6,  with 
sure  bagjCj  tlirough  the  two-way  b to pcock,  i,  and  ilirough  the  stopcock 
a  rubber  bag,  t\  contained  in  a  glass  cliambcr,  /,  This  glass  cliambe 
municat.es  above  with  a  sensitive  tambour,  h,  and  by  means  of  tbe  Pl 
g  can  he  placed  in  communication  with  tlie  outride  air.  The  syttoliep 
may  be  «ictermined  in  two  ways:  By  one  mttbod  only  the  mercury n 
et<T  is  neci?flKary,  the  ill^trument  corresponding  with  the  Riva-Roed 
rat  us  described  above.  By  meana  of  the  pressure  ba|5,  c^  the  bag,  a,  li| 
arm  is  blown  up  until  the  pressure  is  alwve  the  systohc  pressure  and  thi 
pulse  below  dLsapfHMirH.  Uy  turning  stopcock  i  properly  the  systeto  is  i 
to  communicate  with  the  air  through  a  capillary  opening,  Jt,  Coaaoi 
the  prcissure  ujKin  tlic  artery  in  the  arm  falls  slowly,  and  bjr  palpati 

*  Howell  and  Brush,  "  Proceedings  of  the  MaBsachusetta  Medieal  Se 
1901. 

t'^  American  Journal  of  PhyBiology/'  "  ProceedingB  of  the  At 
Physiological  Society/'  G,  xxii.,  1902;  and  ''Johns  Hopkins  Hospitid  tU 
12,  63,  1904. 
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n^  artery  one  can  determine  the  preasiire,  as  me^sored  by  the  mercury 

nuxtooieteT,  at  which  the  pulse  just  ^ets  throijgli.     This  pre>isiire  will  measure 

unproianmtely  the  systolic   pressure.     The   seeond   method   (method  of  v. 

Keddinghaiisen)  gives  higher  ami  doubtless  more  accurate  result*.     In  tliis 

loethod  the  pressure  is  at  first  raised  alxive  systolic  pressure  with  stopcocks 

rf  and  ff  open,     a,  e,  and  h  are  under  the  same  pressure,      Jf  stJ^pcoek  g  is  now 

twned  off,  the  piilj«itions  in  a  are  transmitted  to  e  and  through  it  to  the 

timbour,  A,  and  the  lever  of  the  tamixiur  writ-t^K  thei^  pulsationB  on  a  kymo- 

iFlphioa.     It  should  be  explained  that  pulsations  are  obtained  even  when 

tfce  preBgare  on  the  arm  is  much  more  than  sufficient  to  completely  ol>literate 

twDracUial  artery.     The  ^c^%son  for  this  is  that  the  pulsations  of  the  central 

ftump  of  the  closed  artery  will  be  communieat  e<!  to  bag  a.     When  t  he  pressure 

.  iHipniiiyTjtoUc  these  pulsaticms  are  Hmalb     If  now  the  pressure  in  the  syntem 

Vtmntntshed  alowlv  by  turning  stopcock  i  so  as  to  communicate  with  the 

fiipiHiiry  opening,  f,  it  will  be  found  that  at  a  certain  point  the  pulsations 

«u<liJeii|y  inrrease  in  height  (Fig.  206).     This  point  marks  the  moment  when 

*^e  pulse  wave  is  first  able  to  break  tlu-ough  the  bracliial  artery^  and  it  gives, 

J^enefore,  the  systcjlic  pressure.     In  many  cases  this  method  of  determining 

Eint  of  sy!=tolic  Dressure  i«  not  satisfactory,  since  the  pulse  waves  increase 
dly  in  ampHtude  without  a  sudden  break,  or  perhaps  tliere  is  more 
»De  place  at  which  a  Kudden  increase  occurs.  A  more  reliable  method 
^Oconling  to  Erlanger  is  to  note  the  point  at  wliich  the  ascending  and  descend- 
t*^  limba  of  the  pulse  wave  show  a  noticeable  separation  (Fig,  205).  "At 
l^e  moment  the  pr^sure  on  the  artery  falls  below  systolic,  blood  succeeds  in 
Uakiiig  lis  w*ay  beneath  the  cuff.  This  must  be  squeeafied  out  l>efore  the  lever 
i*a  return  to  the  base  line,  whereas  at  Wgher  pressures  the  lever  is  raised 
Wy  through  tlie  hydraulic-ram  action  of  the  puise  wave  upon  the  upper 
tige  of  the  cuff."  Alter  finding  the  systolic  pressure*  tlie  diastolic  pressure 
k  obtained  by  allowing  the  pressure  to  drop  still  further.  The  pul.yations 
^«i«»se  in  height  to  a  maximum  size  and  then  decrease.  Tlie  pressure  at 
Hueh  the  m^irimntn  pulsc  wave  is  obtained  marks  tlie  diastolic  pr(*ssu^(^ 
^  is  better  perhaps  in  dropping  the  prestjure  for  this  Uist  purpost-  to  manipu- 
MestopcocK  i  so  as  to  drop  the  pressure  5  mms.  at  a  time,  recordinjE;  the  pulse 
tve  at  each  pressure.  In  this  way  a  record  is  otitained  such  as  is  given  in 
202.  It  should  be  added,  also,  that  in  order  to  keep  the  le\'er  of  ttie 
\T  horixontal  while  tlie  presstire  in  the  system  is  being  lowered  therw 
\  A  minute  pinhole  in  the  metal  bottom  of  tlie  tamlKJur.  Through  this 
'^  'lole  the  pressure  in  the  tambour  and  chamber,  /,  is  kept  atmosplienc 
— ugbout,  except  during  the  quick  changes  causf^d  by  the  pulse  wa\'e«. 
Jy  means  of  this  instrument  one  can  determine  within  a  minute  or  so  the 
pwunt  of  the  systolic  and  diastolic  pressure  in  the  brachial  artery,  and  also, 
p  course,  the  difference  between  the  two,  the  pulse  pressure^  whiich  may  be 
||lken  as  an  indication  of  the  force  of  the  heart-teat, 

(  Anscoltation  Method. — Korotkoff  has  .suggested  a  simple  and  apparently 
Itisfactory  method  of  detecting  the  systolic  and  the  diastolic  pressure.  He 
ii!i  a  stethoscope,  which  iapiiieed  over  the  brachial  arterjMust  below  the  cuff, 
lie  pressure  in  the  cuff  is  raised  above  that  necessiirv  to  obliterate  the  artery 
Unpletelyr  and  is  then  allowc>d  to  fall  slowly.  At  the  moment  that  t  he  first 
Ite^waye  breaks  through  the  artery  a  sound  is  hearrl  through  the  stethoscope 
kd  a  reading  of  the  manometer  at  this  point  gives  systolic  pressure.  As 
le  prcaaure  falls  the  sound  is  heard  synchronous  with  each  heart-beat,  but 
BComing  fainter  and  fainter — the  pressure  at  which  the  gfiund  is  last  heard 
\  the  diastolic  pressure.  It  would  seem  probable  that  the  origin  of  the  sound 
I  to  be  traced  to  the  vibration  of  the  vessc^l-walb  and  surrounding  tissues 

by  the  sudden  separation  of  the  endothelial  surfaces  ae  the  pulse-wave 

through. 


, 


The  Wonnal  Arterial  Pressure  in  Man  and  its  Variations.— 

gr  means  of  one  or  other  of  the  instniments  devised  for  the 
Kirpose,  numerous  results  have  been  obtained  regarding  the 
bod^pressure    in   man  at    different    ages  and    under  varying 
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normul  and  al>nnrrnal  conditions.  Unfortunately  the 
used  have  not  always  been  complete.  Some  authors 
systolic  pressures,  for  example.  In  such  experimen 
troublesarne  factor  is  always  the  psychical  element.  Tl; 
interest  that  the  individual  experimented  upon  tab 
procedure  almost  alw^ays  causes  a  rise  of  pressure  and  .. 

a  cliangeti  heart  rate.     Results,  as  a  rule,  upon  any  ioe^--^^^ 
show  lower  values  after  the  novelty  of  the  procedure  h:^"^ 
off  and  tiie  patient  submits  to  the  process  as  an  unintc>^^.Jj 
routine.     It   should    lie    remembered    also    that   in   me*^*^ 
arterial   pressures  in   man   the   measurements  must  alw^^    , 


made  at  the  level  of  the  lieart,  as  is  u.sually  done,  the  br^ 


iti 


artery  being  selected,  or  if  other  arteries  are  employed.  aiJ  **  \ 
ance  nmst  be  made  for  differences  in  level.  (See  pam^P^ 
on  the  Hydrostatic  Effect,  p.  506.)  Under  normal  t^mAP^^ 
Potain*  estimated  the  systolic  pressure  in  tJie  radial  of  thc^wl^J^ 
at  about  170  mifis.  of  mercury  and  the  variations  for  different 
ages  he  expressed  in  the  following  figures: 


Age. 


6-10 


i:i 


20        25 


30        40 


50 


Pressure  tBystolic).    89      135      1.50      170       ISO      MM)      200      210    230 

Without  the  other  side  of  the  picture — that  is,  the  difi- 
sure  and  the  force  of  the  heiirt  teat  (pulse  pressure)— it 
to  interpret  these  figures.     The  rapid   increase  up  to  matiinn 
probably  represents  chiefly  the  larger  output  of  blood  from  the  \ 
the  slower  and  more  regidar  increase  from  maturity  to  old  agei 
thie  |>ossibly  to  the  gradual  hardening  of  the  arteries,  since  thel 
elastic  the  arteries  become,  the  greater  will  be  the  systolic  rifle t 
each  heart  beat.    With  his  more  complete  apparatus 
reports  that  in  the  adult  (20  to  25),  when  the  ps\'ehical  facUfj 
excluded,  the  average  pressure  in  the  brachial  is  110  mms.^i 
and  65  mms.,  di  as  to  He, —-figures  much  lower  than  those  giv 
Potain.     Von  Recklinghausen's  figures  for  the  8ame  arte 
systolic  pressure  116  mms.  Hg,  diastolic  pressure  73  mma,  H|^ 

Erlanger  and   Hooker  report  observations  upon  the  rf* 
of  meals^  of  bat  lis,  of  posture,  the  diurnal  rhythm,  etc*t 

The  effect  of  meals  is  particularly  instnictive  in  that  it  illnstn 
admirably  the  play  of  the  eom{>ensatory  mechanisnis  of  the  cin 
lation  by  means  of  which  the  heart  and  the  blood-vessels  fif^  ^ 
justed  to  each  other's  activity*     During  a  meal  there  is  a  dil&taUOt  j 
of  the  blood-\  essels  in  the  abdominal  area,  or,  as  it  is  frequ 
called  in   physiolog>%  the  splanchnic  area,  since  it  receiv»  1 
vasomotor   fibers   through    the   splanchnic    nerve.      The  ust 

♦  **  La  preasion  arterielle  do  rhomme/'  Paris,  1902. 
t  Erlanger  anfl  Hooker,  **  The  Johns  Hopkins  Hckspitul  Report/*  niLt 
1904. 
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^his  dilatation,  if  the  other  factors  of  the  circulation 
.  ooDstant,  would  be  a  fall  of  pressure  in  the  aorta  and  a 
oxx  in  blood-flow  to  other  organs,  such  as  the  skin  and  the 
riiis  tendency  seems  to  be  compensated,  however,  by  an 
i  output  of  blood  from  the  heart.  Observations  with  the 
^rnanometer  show  that  after  full  meals  there  is  a  marked 
'  ui  the  pulse  pressure,  indicating  a  more  forcible  beat  of  the 
So  far  as  the  effect  on  the  heart  is  concerned,  the  result  of  a 
^  timilar  to  that  of  muscular  exercise,  and  this  reaction  may 
^^  for  the  fact,  not  infrequently  observed,  that  in  elderly 
'  whose  arteries  are  rigid  an  apoplectic  stroke  may  follow  a 
^Baeal. 

he  Method  of  Determining  Venous  Pressures  and  Capillary 
ures  in  Man. — A  number  of  methods  have  been  proposed 
letermining  venous  pressures  in  man,  the  simplest  being 
described  by  Gaertner.*  It  consists  simply  in  raising 
f  the  arm  of  the  patient  until  the  veins  on  the  back  of  the 
just  disappear.  The  height  above  the  heart  at  which  this 
J  gives  the  venous  pressure  in  the  right  auricle,  since  the 
may  be  considered  as  a  manometer  tube  ending  in  the 
J.    In  this  and  in  other  methods  of  measuring  venous 


doe. — To  UJustntte  the  method  of  measuring  venous  pressure:  H,  The  back  of 
I  in  which  a  single  vein  is  represented;  B,  the  circular  rubber  bag  with  central 
and  with  a  tube,  T^which  leads  to  the  pump  and  the  manometer;  G,  glass  plate 
r  the  rubber  bag.     The  bag.  B,  is  blown  up  Sy  pressure  through  the  tube  T  until 

ifl  coUapeed.  The  pressure  at  which  this  occurs,  or  the  pressure  at  which  the 
ipeara  as  the  bag  is  allowed  to  empty,  gives  the  pressure  within  the  vein. — {vcn 
•)  • 


pes,  and  the  same  is  true,  of  course,  of  arterial  and  capillary 
pes,  there  must  be  some  agreement  as  to  what  constitutes 
art-level,  since  the  highest  and  lowest  points  of  the  heart 
ihe  individual  is  standing  or  sitting  may  differ  by  as  much 
centimeters,  von  Recklinghausen  proposes  the  level 
by  a  dorsoventral  line  drawn  from  the  bottom  of  the 
n  (costal  angle)  to  the  spinal  column.  This  authorf  has 
1  a  simple  apparatus  for  determining  venous  and  capillary 
•es,  the  principle  of  which  is  shown  by  the  schema  repre- 
in  Fig.  206. 

tf uench.  media.  Wochenschrift,"  1903,  1904. 

n  Recklinghausen,  "Archiv  f.  exper.  Pathol,  u.  Pharmakol,"  55,  470, 

32 
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A  circular  bag  of  thin  rubber  with  a  diameter  of  about  5i  cm.  mm  ^^^  i 
with  a  cent  ml  opening  of  2  em.     The  bag  is  connected  with  a  paxtt^*'^^ 
it  can  be  blown  up,  and  the  degrei*  of  pressure  exert-ed  is  me»8U/»*^  •  ^ 
attached  manometer.     Thi^s  bag,  moist/eoed  with  glycerine,  i»  laid  /?**' 
vein,  as  representiH^l  in  the  diagram.    It  is  eovered  by  a  glaM  plate  htUJ^ 


r.g,a 


.-^ 


=skV 


Fig.  2<>7. — Appuratufl  for  di-temiiniTiir  yenoija  hlood-pienure  in  puftn:  B,  TW  ' 
with,  ft}ksn  l^p  itiv  pijitini;  prp»4>im-e  on  tlie  v«>tfi;  ttie  dftail^  are  •ihowii  in  thC'  mmi  H 
(Fiff.  2),  in  whirh  1  nkow  the  nluuilnium  box;  2,  tbf  bm.'^  colbir  wtitrh  fiU  <rt^  J  < 
iboloj  in  place  the  pcrfomtecl  .«iheet  of  rubber  dam:  3,  which  funD4«  Um  bottom  d  tktfl 
ftnd  is  forced  down  on  the  vein.  E.  preesure  bulb  lor  incrcAMng  pra—urt  IB  t)»*Wir 
the  vflln  ia  cblite rated.      O.  water  nmnometer  to  measure  tnc  prmitlHi      (£1 


in  position  and  the  hvLg  is  then  blown  up  until  the  vein  disappears;  the  | 
at  which  this  happen.^  is  shoi^Ti  by  the  mannmeter  and  marks  the  i 
within  the  vein.     A  eonvement  iiHMlifieatiDn   of  thi:^  apparutii*  whicb  I 
been  dt'seribi-d  by  Eyster  :ind  Hi>oker*  ih  s^houn  in  Fig.  207*     The  I 
UfMHl  for  compressing?  the  vein  h  connected  by  rubber  tubing  with  a  I 
manometer^  (J,  and  a  preissure-bulb^  E.     The  strueture  of  the  pit 
shown  in  the  smaller  figure.     It  connist^s  of  an  aluminum  trains  or  1 
top  anti  one  side  of  which  are  made  of  glass.     One  of  the  sides  ta  [ 
by  a  lube  which  connects  with  the  manometer,  as  shown  in  the  huj^l, 
llie  frame  is  cut  awuy  on  two  sides,  so  that  w'hen  it  is  tied  Uf»on  the  afw* 

♦  Eyster  and  Hooker,  ''  The  John^  Hopkios  Hospital  BuUetin/*  2f:4»  1 
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^  iM>t  be  oompreaaed.  Over  the  bottom  of  this  frame  is  laid  a  thin 
^^bber  dam,  3,  with  a  hole  cut  in  the  center,  and  the  aluminum  frame 
*  ^bber  bottom  is  then  set  into  a  close-fitting  brass  frame,  2,  which 
'^  keep  the  rubber  membrane  in  place.  When  placed  in  position  upon 
JJ^tbe  rubber  dam  lies  upon  the  vem  and  presses  upon  it  as  the  pressure 
"^  in  the  box.  The  vein  is  observed  through  the  glass  top  and  the  hole 
c  nibber,  and  the  pressure  at  which  it  is  just  obliterated  is  read  from  the 
Jnaeter. 

Wth  instruments  of  this  kind  the  degree  of  pressure  neces- 
to  obliterate  a  given  vein  in  the  arm,  hand,  or  foot  can 
etermined  readily  in  terms  of  a  column  of  water,  but  it 
nous  that  for  any  given  vein  this  pressure  will  vary  with 
position  of  the  vein.  When  the  hand  hangs  pendent  at 
ide  the  pressure  within  its  veins  will  be  greater  than  when 
and  is  raised  to  the  heart-level.  The  pressure  actually 
ired  for  any  given  position  of  the  hand  or  foot  must, 
ore,  be  corrected  for  the  heart-level  by  determining  the 
al  distance  between  the  vein  and  the  heart  (costal  angle), 
ubtracting  this  distance,  expressed  in  centimeters,  from 
ressure,  also  expressed  in  centimeters,  which  was  found 
ary  to  obliterate  the  vein.  Measurements  made  by  this 
>d  and  corrected  for  the  heart-level  show  that  in  the  normal 
I  the  pressure  within  the  small  veins  of  the  hand  or  arm 
vary  between  3  and  10  centimeters  of  water.  Unusual 
hological  conditions  which  cause  a  congestion  in  the  venous 
f  the  heart  will  raise  the  venous  pressure  correspondingly 
centimeters  or  more.* 

len  the  venous  pressure  is  measured  in  the  small  veins  of  the  feet  in  a 
while  standing  we  should  suppose  that  after  a  reduction  to  the  heart 
would  be  about  the  same  as  that  noted  for  the  veins  of  the  hands, 
ae  vessels  are  of  about  the  same  order  with  reference  to  their  distance 
le  capillary  bed.  In  a  series  of  observations  of  this  kind,  reported  by 
cklinghausen,  it  was  found,  on  the  contrary,  that  after  subtracting  the 
e  between  the  foot  and  the  heart,  the  pressure  within  the  veins  was 
e  l^  as  much  as  40  cm.  The  author  explains  this  unexpected  result 
posmg  that  the  flow  through  the  foot  got  up  only  enough  pressure  in 
DB  to  lift  the  blood  to  the  level  of  the  pelvis,  and  that  the  complete 
of  the  venous  valves  at  this  level  protected  the  veins  from  the  full 
e  of  the  column  of  blood.  Eventually,  no  doubt,  the  pressure  in  the  veins 
bave  risen  sufficiently  to  lift  the  blood  to  the  heart-level,  but  it  seems 
le  that  under  the  ordinary  conditions  of  life  this  result  is  efifected  by 
peration  of  the  muscles  of  the  legs  and  the  respiratory  movements  of  the 
(see  p.  508).  The  contractions  of  these  muscles,  aided  by  the  venous 
squeeze  the  blood  upward  to  the  heart.  The  fact  that  in  standing 
the  flow  through  the  feet  may  be  suspended  or  impeded,  for  a  time 
.,  throws  some  light,  as  von  Recklinghausen  suggests,  upon  the  fact 
is  so  difficult  to  stand  for  any  length  of  time  without  movmg. 

e  apparatus  described  above  may  be  used  for  determining 
ry  iis  well  as  venous  pressures,  according  to  the  principle 

3r  a  description  of  some  pathological  cases,  see  Eyster  and  Hooker, 


I  CIRCULATION   OF   BLOOD    AND   LTMPH. 

cribed  on  p.  489.    For  this  purpose  the  pressure  bor  ^^  ^ 
m  a  given  skin  area  and  the  pressure  is  raised  until  tb^  ^ 
leath  is  blanched.     The  pressure  is  then  lowered  slowly  ^ 

skin,  again  reddens,  showing  the  reestablishment  of  the  cs^ 
y  flow.    The  pressure  thus  obtained  is  corrected  as  descnW" 

the  level  of  the  heart.* 

*  For  some  tehnical  details,  see  von  RecklinghaiMen,  loc  oL 


^^«^?£^^^ 


•  '-^'"       v.. 
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CHAPTER  XXVI. 

^  PHYSICAL  FACTORS  CONCERNED  IN  THE  PRO- 
DUCnON  OF  BLOOD-PRESSURE  AND  BLOOD- 
VELOCITY* 

In  the  preceding  pages  some  of  the  essential  facts  have  been 
Hited  regarding  the  pressure  and  the  velocity  of  the  blood  in  the 
Cerent  parts  of  the  vascular  system.  We  may  now  consider  the 
hysical  factors  that  are  responsible  for  the  production  and  mainte- 
^ce  of  these  peculiarities.  The  problem  as  it  actually  exists  in  the 
:}culation,  with  its  elastic  vessels  varying  in  size  from  the  aorta, 
ith  an  internal  diameter  of  nearly  20  mms.,  to  the  capil- 
BC8,  with  a  diameter  of  0.009  nun.,  is  .extremely  complex,  but  the 
ioeial  static  and  dynamic  principles  involved  are  simple  and  easily 
iderstood. 

Side  Pressure  and  Velocity  Pressure. — ^When  water  flows 
lough  a  tube  under,  let  us  say,  a  constant  head  of  pressure  it 
loounters  a  resistance  due  to  the  friction  between  the  walls  of  the 
asel  and  the  particles  of  water.  This  resistance  will  be  greater, 
e  narrower  the  tube.  A  part  of  the  head  of  pressure  used  to  drive 
e  liquid  along  the  tube  will  be  used  in  overcoming  this  resistance 
its  movement,  and  the  volume  of  the  outflow  will  be  correspond- 
gly  diminished.  If  we  use  an  apparatus  such  as  is  represented  in 
g.  208,  consisting  of  a  reservoir,  if,  and  a  long  outflow  tube, 
2,  3,  4,  5,  the  outflow  from  the  end  and  the  pressure  along  the 
be  may  be  measured  directly.  We  must  suppose  that  the  head 
pressure — that  is,  the  height  of  the  water  in  H — is  kept  constant 
^  some  means.  The  resistance  or  tendon  due  to  the  friction  in  the 
be  may  be  measured  at  any  point  by  inserting  a  side-tube  or 
uge  (piezometer)  at  that  point.  The  liquid  will  rise  in  this  tube 
a  level  corresponding  to  the  pressure  or  resistance  offered  to  the 
>vement  of  the  liquid  at  that  point — ^that  is,  the  weight  of  the 
tumn  of  liquid  will  measure  the  pressure  at  that  point  upon  a 
face  corresponding  to  the  cross-area  of  the  tube.  The  pressure 
tension  at  any  point  may  be  spoken  of  as  the  side  pressure  or 
ral  pressure,  and  it  expresses  the  amount  of  resistance  offered 
the  flow  of  the  liquid  because  of  the  friction  exerted  upon  the 
fccr  by  the  walls  of  the  tube  between  that  point  and  the  exit. 
8  side  pressure  increases  in  a  straight  line  from  the  point  of  exit 
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to  the  reservoir,  and  this  in  general  is  the  picture 
the  circulation.  The  re^en^uir,  the  head  of  pressure,  is  repi««l 
by  the  aorta,  the  exit  for  the  outflow  b}^  the  opening  of  the 
cavsp  int-o  the  right  auricle,  and  the  side  pressure  or  Lntem&l  ted 
of  the  blood  due  to  friction  against  the  walls  of  the  vessels  incil 
from  the  venje  cava?  back  to  the  aorta.  If  from  aorta  to  \^cnai 
the  vessels  were  of  the  same  dianaeter  the  increase  would  be 
straight  line,  as  in  the  ease  of  the  modeL  In  this  model  it  wi 
noticed  that  the  straight  line  showing  the  side  pressure  doei 
strike  the  top  of  the  column  of  liquid  in  the  reservoir,  but 
spends  to  a  certain  height,  h\  This  expresses  the  fact  that,  (I 
total  head  of  firessiu-e  in  the  reservoir,  which  we  may  deagm 
H,  a  certain  portion  onl>%  but  a  large  portion,  A',  is  used  ia  i 


^-A 


i 2 J 5 : — 

Ftg.  20S.~8cb«tim  to  illuatreto  chu  (dde  prewum  due  to  reauteniie|  m^ 
ffure  iTyja-itUdt) :  H\  A  rt^^en'oir  oantainins  wAber;  1,  2,  3,  4,  A,  tlit  • 
I^Ui^s  fiot  at  right  &n|rlei4  to  metu^ure  th«  side  pnMiviira;  V,  the  poraon  of 
uwd  in  ov«reomlns  the  resi^itanre  to  the  flow;  A»  tbe  portioii  of  th«  tot. 
mo^-ioa  the  colunm  of  liquid— the  velocity  pt«ftsii»» 

coming  the  resistance  along  the  tube.  What  is  left — luav 
represents  the  force  that  is  employed  in  driving  the  liquid  thi 
the  tube  with  a  certain  velocity ;  this  |>ortion  of  the  pressure 
speak  of  as  the  rclocily  pressure^  h.  If  in  measuring  the  side  pit 
at  any  point  the  gauge  were  prolonged  into  the  tube  and  hesA 
to  face  the  stream,  tins  velocity  pressure  w^ould  add  itaelf 
side  pressure  at  that  point  and  the  water  would  rise  to  a  I 
level  in  this  particular  tube.  There  are  two  important  differ 
between  the  circulation  as  it  exists  in  the  body  and  that 
sented  by  the  modeL  In  the  body,  in  the  Brst  placet  ^ 
the  area  of  capillaries,  small  arteries,  and  veins,  intercalate 
tween  the  large  arteries  on  one  side  and  the  veins  on  th^  i 
and,  in  the  second  place,  the  vessels,  esi>ecifllly  the  arterifl 
extensible  and  elastic.    The  efifect  caused  by  the  first  of 


BLOOD-PRESSURE  AND  BLOOD- VELOCITY. 


503 


— namely,  a  great  resistance  placed  in  the  middle  of  the 
—may  be  illustrated  by  the  model  shown  in  Fig.  209,  which 
from  that  in  Fig.  208  in  having  a  stopcock  in  the  outflow 
rhich,  when  partly  turned  off^  makes  a  narrow  opening  and  a 
ily  great  resistance.  When  the  stopcock  is  open  the  pressure 
ually  throughout  the  tube,  provided  the  bore  of  the  stopcock 
I  to  that  of  the  tube.  If,  however,  it  is  partially  turned  the 
»8ure  ia  much  increased  between  it  and  the  reservoir  on  what 
r  term  the  arterial  side  of  the  schema,  and  it  is  correspond- 
iminished  between  the  stopcock  and  the  exit,  on  the  venous 
ihe  schema.  Substantially  this  condition  prevails  in  the  body, 
pillary  region,  including  the  smallest  arterioles  and  veins, 
.  great  resistance  to  the  flow  of  blood,  and  this  resistance  is 
of  in  physiology  as  the  peripheral  resistance.    Its  efTect  is  to 


209, — Sehema  like  the  preceding  except  that  a  stopcock  is  inaerted  at  the  middle 
;flfOir  to  imitate  the  penpberai  resiBtanoe  of  the  capillary  area.  The  relations  of 
al  pressure  on  the  arterial  and  venous  sides  of  this  special  resistance  is  shown  by 
t  of  the  water  in  the  gauges. 


e  pressure  on  the  arterial  side  and  lower  it  on  the  venous  side. 
>ther  conditions  in  the  circulation  remain  constant  it  is  found 
I  increase  in  peripheral  resistance,  caused  usually  by  a  con- 
n  of  the  arterioles,  is  followed  by  a  rise  of  arterial  pressures 
all  of  venous  pressures.  On  the  contrary,  a  dilatation  of  the 
es  in  any  organ  is  followed  by  a  fall  of  pressure  in  its  artery  or 
1  and  a  rise  of  pressure  in  its  veins.  The  effect  of  the  elastic- 
he  arteries  is  of  importance  in  connection  with  the  fact  that 
^  the  circulation  is  charged  with  blood  not  from  a  constant 
ir  as  in  the  models,  Figs.  208  and  209,  but  by  the  rhythmical 
■  the  heart.  If  the  vascular  system  were  perfectly  rigid  each 
ical  chai^  into  the  aorta  would  be  followed  by  an  equal  dis- 
from  the  venae  cavse,  the  pressure  throughout  the  system 
ise  to  a  high  point  during  systole  and  fall  to  zero  during  the 
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diastole.      The  elasticity  of  the  arteries,  in  coonection  with  tfai ' 
peripheral  resistance,  makes  an  important  difference.     As  tbebeait 
discharges  into  the  aorta  the  pressure  rises,  but  the  walls  of  ik 
arterial  system  are  distended  Ijv  the  increased  pressure,  and  durinf  i 
the  following  iliastole  the  recoil  of  these  dist-ended  walls  niainUitf} 
a  flow  of  blood  through  the  capillaries  into  the  veins,    Withi] 
certain  rapidity  of  heart  beat  the  distension  of  the  arterial  walU  i  1 
increased  to  such  a  point  that  the  outflow  through  the  capLlkmi| 
into  the  veins  is  as  great  during  diastole  as  during  ^'stole;   tilt] 
rhythmical  flow  in  the  arteries  becomes  converted  by  the  ebsttfl 
tension  of  the  overfilled  arterial  system  into  a  continuous  flow  is] 
the  capillaries  and  veins.     This  effect  may  be  illustrated  by  a  simphj 
schema  such  as  is  represented  in  Fig,  210.     A  s\'ringe  bulb  («),  rpp*| 
resenting  the  heart,  is  connected  by  a  short  piece  of  rubber  tubing  toil 
glass  tube  (b),  and  also  by  a  piece  of  distensible  band  tubing  (e)  witk I 


Fig.  210. — Simple  ^hemo  to  iUustmta  the  factors  producing  a  constant  he«d«if  V 
sure  in  Ibe  nrtetial:  nynt^m :  a,  A  syiinge  bulb  witli  valveA,  repreaeDttng  the  be«rt;  I.  ^ 
tube  with  line  point  reprewnting  m  P«tli  with  mistaiioe  alone,  but  no  exteofltbility  iiht0 
Bow  is  in  spurts  synchronoua  witb  tn«  strokes  of  the  pump) ;  c,  autflow  with  ntaatLumi 
also  extensible  and  eLastio  wall^  repreminteMi  by  the  ljirgi&  rubber  bag.  « ;  the  outflaw  ii  ^ 
steady  stream  due  t^  the  elAatic  recoil  of  the  distended  bag,  e. 


a  similar  glass  tube  drawn  to  a  fine  point  (c).     In  the  latter  case  t 
distensible,  elastic  tubing  represents  the  arterial  system,  and 
fine  pointed  gkss  tul>e  the  peripheral  resistance  of  the  capill&n'  i 
If  the  syringe  bulb  Is  put  into  rhythmical  play  and  the  how  is  directtdj 
through  tube  b  the  discharges  are  in   rhythmical  spurts,  Init  I 
directed  throtigh  tube  c    the  discharge  is  a   continuous 
since  the  force  of  the  separate  heats  liecomes  stored  as  elastic  ten 
in  the  walls  of  the  l^anrl  tul>ing,  and  it  is  this  conBtant  force  ' 
drives  a  steady  stream  through  the  capillary^  point.     In  a 
way,  this  schema  gives  us  a  tnie  picture  of  the  conditions  in  the* 
eolation.     The  rhythmical  force  of  the  heart  l>eat  is  stored  as  ela 
tension  in  the  walls  of  the  arteries,  and  it  is  the  squeeze  of  th 
distended  walls  which  gives  the  continuous  driving  force  that^ 
responsible  for  the  constant  flow  in  the  capillaries  and  veins. 

Enumeration  of  the  Factors  Concerned  in  Producing  ■« 
mal  Pressure  and  Velocity, — In  the  normal  circulation  we  i 
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ly  that  four  chief  factors  co-operate  in  producing  the  conditions 
:pi€8Bure  and  velocity  as  we  find  them.  These  factors  are:  (1) 
be  heart  beat.  (2)  The  resistance  to  the  flow  of  blood  through  the 
mis,  and  especially  the  peripheral  resistance  in  the  region  of  the 
BaD  arteries,  capillaries,  and  small  veins.  (3)  The  elasticity  of 
le  arteries.  (4)  The  quantity  of  blood  in  the  system.  The 
ly  in  which  these  factors  act  may  be  pictured  as  follows:  Suppose 
le  system  at  rest  with  the  definite  quantity  of  blood  distributed 
[ually  throughout  the  vascular  system.  The  internal  or  side 
WBure  throughout  the  system  will  be  everywhere  the  same, — 
obably  zero  (atmospheric)  pressure,  since  the  capacity  of  the 
iscular  system  is  sufficient  to  hold  the  entire  quantity  of  blood 
thout  distension  of  its  walls.  If,  now,  the  heart  begins  to  beat 
Ih  a  definite  rhythm  and  discharges  a  definite  quantity  of  blood  at 
ch  beat  the  whole  mass  will  be  set  into  motion.  The  arteries 
seive  the  blood  more  rapidly  than  it  can  escape  through  the  capil* 
nes  into  the  veins,  and  consequently  it  accumulates  upon  the 
terial  side  until  an  equilibrium  is  reached, — that  is,  a  point  at 
rich  the  elastic  recoil  of  the  whole  arterial  tree  suffices  to  force 
rough  the  capillaries  in  a  unit  of  time  as  much  blood  as  is  received 
nn  the  heart  during  the  same  time.  In  this  condition  of  equilib- 
un  the  flow  in  capillaries  and  veins  is  constant,  and  the  side 
easure  in  the  veins  increases  from  the  right  auricle  back  to  the 
pillaries.  In  the  arteries  there  is  a  large  side  pressure  throughout, 
ring  to  the  resistance  between  them  and  the  veins  and  especially 
Hbe  great  resistance  offered  by  the  narrow  capillaries.  This 
BBBure  rises  and  falls  with  each  discharge  from  the  heart,  and  the 
Ise  waves,  both  as  regards  pressure  and  velocity,  are  most  marked 
the  aorta  and  diminish  farther  out  in  the  arterial  tree,  failing 
tnpletely  in  the  last  small  arterioles,  since  if  taken  together  these 
teiioles  constitute  a  large  and  distensible  tube  of  much  greater 
pacity  than  the  aorta. 

General  Conditions  Influencing  Blood-pressure  and  Blood- 
locity. — ^Alterations  in  any  of  the  four  xjhief  factors  mentioned 
ove  must,  of  course,  cause  a  change  in  pressure  and  velocity. 
L  An  increase  in  the  rate  or  force  of  the  heart  beat  will  increase 
9vdocity  of  the  flow  throughout  the  system,  although,  of  course. 
It  general  difference  in  velocity  in  the  arteries,  capillaries,  and 
ins  which  depends  upon  the  variations  in  width  of  bed  will  remain. 
eh  a  change  will  also  cause  a  rise  of  pressures  throughout  the 
tern.  The  energy  exhibited  in  the  vascular  system  as  side  pres- 
e,  velocity  pressure,  etc.,  comes,  in  the  long  run,  mainly  from 
force  of  contraction  of  the  heart  muscle.  This  force  is  what  is 
resented  in  the  model,  Fig.  208,  as  the  total  head  of  pressure  ( H). 
increase  in  rate  or  force  of  heart-beat  is  equivalent,  therefore, 
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to  an  increase  in  this  he^d  of  pressure,  and  along  with  tl 
in  velocity  thus  caused  there  is  an  increased  friction  or  t^ 

IL  An  increase  or  decrease  in  the  width  of  the  v^ 
influence  both  the  resistance  to  the  flow  and  the  velocitvv 
normal  conditions  it  is  the  small  arteries  that  are  oons^ 
dilated  (Tas<:»constriction  and  vasodilatation).  A  constri^^ 
these  arteries  causes  an  increase  in  art^^rial  pressures  and  a  c^ 
in  venous  pressure.  The  velocity  of  the  blood-flow  is  dec' 
A  dilatation  has  the  opposite  effects.  Numerous  iiistanfts 
relation  will  be  referretl  to  in  describing  the  physiology  of  llii 
mot^or  nerves. 

IIL  A  diminution  in  elasticity  of  the  art-eries  wiU  tt 
interfere  with  the  constancy  of  the  f!ow  from  the  arteries  it 
capillaries,  and  in  the  arteries  themselves  the  swings  of  p 
from  systolic  to  diastolic  during  the  heart  beat  will  ta 
extensive.  This  latter  fact  can  be  shown  upon  elderly  mdi^ 
whose  arteries  are  becoming  rigid,  but  whether  a  clrnnge 
character  is  ever  so  advanced  in  human  beings  as  to  seriously 
the  capillar}"  circulation  does  not  appear  to  have  been  invest 

IV.  A  loss  of  blood,  other  conditions  remaining  the 
will  also  cause  a  fall  in  blood-pressures  and  velocity.  As  a 
of  fact,  however,  a  considerable  amount  of  blood  may  be  loi 
out  any  marked  permanent  change  in  arterial  blood-pressun 
reason  for  this  result  is  found  in  the  adjust^bilit}^  or  adap 
of  the  vascular  system.  It  is  in  such  respects  that  the  systen 
greatly  from  a  rigid  schema  such  as  w^e  use  for  our  modek. 
blood  is  withdrawn  from  the  vessels  the  loss  may  be  offse( 
increased  action  of  the  heart  and  by  a  contraction  of  the  arl 
the  two  effects  combining  to  give  a  nonnal  or  approximately 
arterial  pressure.  To  carry  out  the  analogy-  with  the  mod' 
208)  if  by  chance  some  of  the  store  of  water  was  lost  we  mig 
stitute  a  narrower  reser^^oir,  so  that  \^ith  a  diniinished  mi 
coulil  still  maintain  the  same  level  of  pressure.  In  the 
moreover,  a  loss  of  blotid  l>y  hemorrhage  may  l>e  compena 
part,  so  far  as  the  bulk  of  the  liquid  is  concerned b  by  a 
liquid  from  the  tissues  into  the  blood-vessels. 

The  Hydrostatic  Effect*— In  the  living  animal,  espec 
those,  like  ourselves,  that  walk  upright,  the  actual  pressun 
art'Cries  of  the  various  tissues  must  varj'  much  also  with  the  p 
For  instance,  in  standing  erect  the  small  arteries  in  the  h 
feet  are,  in  addition  to  other  conditions  noted  al>ove,  expa9e< 
w^eight  of  the  colon m  of  arterial  blood  standing  over  tbi 
the  pendent  arm  the  skin  of  the  fingers  is  congested;  if,  b 
the  arm  is  raised  al>ove  the  head  the  skin  noay  become  bi 
because  now  the  colunm  of  blood  from  hngeiB  t 
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*^^A     ^^^  pressure  in  the  opposite  direction.     In  determinations 
«l  "*^^"t>Te8sure  in  the  brachial  artery  of  man  care  should  be  taken 
^      tc\     ^  arm  in  the  same  position  in  a  series  of  observations  in 
*^      dualize  the  effect  of  the  hydrostatic  factor.    The  impor- 
tl»^  ^*  this  gravity  effect  is  most  evident  in  the  case  of  the  ab- 
4^*^^^  (splanchnic)  circulation.     When  an  animal  accustomed 
to  p  Otx  jji  fours  is  held  in  a  vertical  position  the  great  vascular 
M»^^  the  abdomen  is  placed  under  an  increased  pressure  due  to 
8*W,  and,  unless  there  is  a  compensatory  contraction  of  the 
iztenoles  or  of  the  abdominal  wall,  so  much  blood  may  accimiulate 
M    fflthifi  portion  of  the  system  that  the  arterial  pressure  in  the  aorta 
■    tiD  fall  markedly  or  the  circulation  may  stop  entirely.*    In  most 
r^  ?^  the  compensation  takes  place  and  no  serious  change  in  the 
K  filiation  results.     In  rabbits,  however,  which  have  lax  abdominal 
Hf  Itib,  it  is  said  that  the  animal  may  be  killed  by  simply  holding  it 
r  kk  the  erect  position  for  some  time.     For  the  same  reason  an  erect 
pOBture  in  man  may  be  dangerous  when  the  compensatory  nervous 
Jitfexes  controlling  the  arteries  and  the  tone  of  the  abdominal  wall 
•re  thrown  out  of  action,  as,  for  instance,  in  a  faint  or  in  a  condition 
ftf  anesthesia.     In  such  conditions  the  recumbent  position  favors 
the  maintenance  of  the  normal  circulation.     Indeed,  under  ordinary 
'  Qonditions  some  individuals  are  quite  sensitive  to  the  effects  of  a 
-.  ^tatical  position,  especially  if  unaccompanied  by  muscular  or  mental 
•  :*rtivity,  and  may  suffer  from  giddiness  and  a  sense  of  faintness 
f'^fc  eonsequence  of  a  fall  in  general  blood-pressure.    It  seems  prob- 
aUe  that  in  these  cases  the  gravity  effect  has  drafted  off  an  undue 
f    amount  of  blood  into  the  splanchnic  area.     Individuals  who  have 
j:   lieen  kept  in  bed  for  long  periods  by  sickness,  accident,  or  other 
r  Wises  suffer  from  giddiness  and  unsteadiness  when  they  first 
I    attempt  to  stand  or  walk.     It  seems  quite  possible  that  in  such 
.^   €l8es  the  effect  is  caused  by  a  fall  in  arterial  pressure  brought 
•bout  by  the  dilatation  in  the  splanchnic   area.     The  added 
"^ight  of  blood  thrown  on  these  vessels  by  the  effect  of  gravity 
i  not  compensated  by  a  vasoconstriction  of  the  arterioles  or  an 
increased  tone  in  the  abdominal  walls.     While  certain  general 
Auctions  of  the  kind  given  above  may  be  made  from  our 
howledge  of  the  hydrodynamics  and  hydrostatics  of  the  cir- 
culation, it  is  evident  that  in  particular  cases,  whether  affecting 
ipeciai  organs  or  the.  organism  as  a  whole,  it  is  necessary  to 
obtain  directly,  if  possible,  the  facts,  not  only  for  the  arterial 
pressure  and  velocity  but   also   for  the  venous  pressure  and 
velocity,  in  order  to  draw  safe  conclusions  as  to  the  changes  in 
the  circulation.     In   all    observations    made   upon    man   it   is 
especially   important   to   standardize   the   results   by   reducing 
♦  Hill  and  Barnard,  "Journal  of  Physiology,"  21,  321,  1897. 


508 


CIHCULATION    OF    BLOOD    AND    LYMPH. 


them  to  a  common  ievel,  that  is,  to  the  level  of  the  heart  at  the  c^ 
tal  angle  (p.  497). 

Accessory  Factors  Aiding  the  Circulation.— The  force  otttol 
heart  heat  is  the  main  factor  concerned  in  the  moveoient  ot  fli 
blood,  hut  certain  other  muscular  mox^ements  aid  more  or  loii 
maintaining  the  circulation  as  it  actually  exists  in  the  living 
particularly  in  their  effect  upon  the  flow  of  blood  in  the  V( 
The  most  important  of  these  accessory  factors  are  the  respiritiii 
movements  and  the  contractions  of  the  muscles  of  the  limbs  \ 
viscera.  At  each  inspiratory  movement  the  pressure  relations 
altered  in  the  thorax  and  abdomen,  and  reverse  changes  occur  < 
ing  expiration*  These  clfcots  influence  the  flow  of  blood  to 
heartj  and  alter  the  velocity  and  pressure  of  the  blood  in  a  way  th 
is  described  in  the  section  on  Respiration  under  the  title  of  T 
Respiratory  Waves  of  Blood-pressure.  In  brief,  it  may  be 
that  the  main  effect  of  the  respiratory  nxovements  is  to  force  or 
suck  blood  from  the  large  veins  of  the  abdomen  and  neck  into 
large  thoracic  veins,  and,  therefore,  into  the  right  side  of  the  h 
Keith*  has  called  attention  to  the  fact  that  the  system  of 
veins  in  the  thorax  and  abdomen,  namely,  the  superior  and 
ferior  ven^  cavse,  the  innominate,  iliac,  hepatic,  and  rena^tfl 
constitute  what  he  calls  a  venous  cistern,  whose  capacity  ll^H 
reckoned  as  about  400  to  500  c.c.  This  cistern  is  shut  off  hA 
from  the  veins  of  the  lower  extremity  by  the  valves  in  the  fe*moi 
veins  at  their  entrance  into  the  pelvis;  it  is  shut  off  from  the  itO 
of  the  upper  extremity  by  valves  in  the  subclavian  v^eins,  andfn 
the  veins  of  the  neck  and  head  by  the  jugular  valves.  Wlien 
inspiration  is  made,  the  lowered  pressure  in  the  thoracic  cav 
aspirates  blood  from  the  veins  in  the  neck  and  upper  extremit 
into  the  superior  cava,  and  on  the  return  to  the  expiratory  pofiiti 
blood  cannot  be  forced  back  owing  to  the  jugular  and  subcU\*i 
valve^s.  Ill  the  same  way  the  lessened  intrathoracic  pressure  di 
inspiration  must  tend  to  aspirate  blood  from  the  abdominal  porti( 
of  the  inferior  vena  cava  into  the  thoracic  portion,  and  this  moi 
ment  of  blood  into  the  thorax  is  probably  aided  by  the  ri» 
pressure  in  the  abtlomen  caused  l>y  the  descent  of  the  diaphng 
since  an  increase  of  pressure  in  the  abdomen  would  be  prevent 
from  driving  blood  toward  the  legs  by  the  presence  of  the  femd 
valves.  The  play  of  the  respiratory  movements  must,  theitfa 
constitute  a  constant  factor  tending  to  empty  the  venous  ci*U 
into  the  right  heart,  and  in  this  way  promoting  the  circulation 
the  venous  side.  Contractions  of  the  skeletal  muscles  must 
influence  the  blood-flow.  The  thickening  of  the  fillers  in 
traction  squeezes  upon  the  capillaries  and  small  vesseU 

*  Keith,  "Journu!  of  Anatomy  and  Physiolog^r,"  42,  1,  1906, 
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empty  them.  On  account  of  the  valves  in  the  veins  the  blood 
forced  mainly  toward  the  venous  side  of  the  heart,  so  that 
irthmical  contractions  of  the  muscles  may  accelerate  the  cir- 
lation.  This  pumping  effect  of  our  muscular  movements  is 
)hably  quite  an  important  factor  in  returning  the  blood  from 
I  lower  extremities.  In  this  portion  of  the  body  the  venous 
r  to  the  heart  has  to  overcome  the  hydrostatic  pressure  of  the 
mm  of  blood,  and  it  has  been  shown  that  when  one  is  standing 
fce  still,  the  venous  pressure  alone  may  be  insufficient  to  overcome 
'  resistance,  so  that  the  blood-flow  from  the  feet  may  be  much 
ided.  Under  these  circumstances  movements  of  the  legs,  as 
ralking,  aided  by  the  valves  in  the  veins,  probably  help  to 
ilk  "  the  blood  into  the  pelvic  veins.  The  contractions  of  the 
oth  muscles,  especially  in  the  stomach  and  intestines,  during 
stion  have  a  similar  effect.  The  musculature  of  the  spleen 
is  supposed  to  aid  the  circulation  through  that  organ  by  its 
imucal  contractions. 

rhe  Conditions  of  Pressure  and  Velocity  in  the  Pulmonary 
nlation. — The  general  plan  of  the  smaller  circulation  from 
t  ventricle  to  left  auricle  is  the  same  as  in  the  major  or  systemic 
ilation,  and  the  same  general  principles  hold.  The  right 
ride  pmnps  its  blood  into  the  pulmonary  artery,  and,  on  ac- 
tt  of  the  peripheral  resistance  in  the  lung  capillaries,  the  side 
sure  in  the  artery  is  higher  than  in  the  capillaries,  and  higher  in 
3  than  in  the  pulmonary  veins.  The  velocity  of  movement  is 
#,  on  the  other  hand,  in  the  extensive  capillary  area  and  greatest 
le  pulmonary  artery  and  veins,  on  account  of  the  variations  in 
h  of  the  bed.  So  also  in  the  pulmonary  artery  the  pressure  and 
(dty  must  fluctuate  between  a  systolic  and  diastolic  level  at  each 
t  beat,  while  in  the  pulmonary  veins  they  are  more  or  less  uni- 
i.  An  interesting  difference  between  the  two  circulations 
ists  in  the  fact  that  the  peripheral  resistance  is  evidently  much 
in  thfe  pulmonary  circuit,  and  consequently  the  pressure  in  the 
lonary  arteries  is  much  less  than  in  the  aortic  system.  The 
city  of  the  flow,  as  already  stated  (p.  479),  is  also  greater  in 
lung  capillaries  than  in  the  systemic  capillaries.  Exact  deter- 
itions  of  the  pressure  in  the  pulmonary  artery  are  made  with 
julty  on  account  of  the  position  of  the  vessel.*  The  results 
ined  by  various  observers  give  such  values  as  the  following: 

Mban  Pressure.         Extreme  Variations. 
Mmb.  Hg.  Mms.  Hg. 

Dog 20  10      to  33 

Cat 18  7.5  "  24.7 

Rabbit 12  6      "35 

For  a  discuflsion  of  the  special  physiology  of  the  pulmonary  circulatior 
JT  referencea  to  literature,  see  Tigerstedt,  '*Ergebnisse  der  Physiologie/ 
.,  part  ii.,  p.  528,  1903. 
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It  will  be  seen,  therefore,  that  the  mean  pre&mire  is  nol  mow 
than  one-seventh  to  one-eighth  of  that  prevailing  in  the  swC^^ 
The  thinner  walls  and  smaller  muscular  power  of  the  right  veninck 
as  compared  with  the  left  are  an  indication  of  the  fact  that  lesstofce 
is  necessary  to  keep  up  the  circulation  through  the  pulrn(inMT| 
circuit. 

The  Variations    in    Pressure  In  the  Pulmonary  Ciicoit'-J 
Experimental  results  indicate  that  ttie  pre^s.sui'e^  in  the  puln 
circuit  do  not  undergo  as  marked  changes  as  in  the  sj^stemic  i 
lation;  the  flow  is  characterized  by  a  great-er  steadiness.    WlKl 
systemic  pressure,  as  taken  in  the  carotid,  var\"ing  from  144  to  2 
mms.,  that  in  the  piilmunary  ailety  changes  correspondingly  < 
from  20  to  26  rnms.,  anr!  extreme  variations  of  pre^ssure  in  it! 
pulmonary  artery  probalily  do  not  exceed,  as  a  rule,  15  to  2U  i 
The  regulations  of  the  pressure  and  flow  of  blood  in  the 
circulation  do  not  seem  to  be  so  direct  or  complex  as  in  the ; 
system.     The  part  taken  by  the  vasomotor  nerves  Is  refeired  I 
in    the   chapter   upon    the    innervation   of   tlie  blood-vessels, 
attention  may  lie  called  here  only  to  the  mechanical  factors .  wh 
indeed,  for  thi^  circulation  are  probably  the  most  important. 
output  from  the  right  ventricle,  and  therefore  the  amount  of  I 
and  the  pressure  in  the  pulmonary  arter\%  depends  mainly  on  1 
amount  of  blood  received  through  the  ven^e  cavje  by  the  right  auri 
If  one  of  the  vena*  cavip  is  closed  the  pulmonar}^  pressure  i 
pres^sure  upon  the  abdomen,  on  the  other  hand^  by  squeesingi 
blood  toward  the  right  heart  may  raise  the  pressure  in  the  ptilnio 
arter}\     By  such  means,  therefore,  the  variations  in  blood-flow  i 
the  systemic  circidation  indirectly  influence  and  control  the  pr 
relations  in  the  pidmonarv  circuit.     But  the  changes  in  the  sy^ 
circulation  may  affect  the  blood-flow  through  the  Imigs  m 
another  way, — namely,  by  a  back  effect  through  the  lefl  aurid 
When  for  any  reason  the  bl(K>d-pressure  in  the  aorta  i^  ciri\^ 
much  above  the  normal  level  the  left  ventricle  may  not  be  abWl 
empty  itself  sufficiently,  and  if  this  happens  the  pressure  in 
left  auricle  will  rls?  and  the  flow  through  the  hmgs  fiDin 
vent  rifle  to  left  auricle  will  Ije  more  or  le.ss  impeded*     On  the  \ 
it  would  seem  that  the  pulmonar}'^  circolation  is  subject  lo 
changers  than  in  the  case  of  the  organs  supplied  by  the  aorta. 
mechanical  cnnflilions.  especially  in  the  capillaiy  n. 
that  the  blood  is  sent  through  the  lungs  with  a   t^ 
velocity,  although  under  small  actual  pressure*    The  speirijil  rfa 
of  the  rcspiratoiT  movements  and  of  variations  in   intratb 
pressure  upon  the  pulmonaiy  circulation  are  referred  to  in 
nection  with  i-espiration. 
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CHAPTER  XXVII. 

THE  PULSE. 

General  Statanent. — When  the  ventricular  systole  discharges 
flew  quantity  of  blood  into  the  arteries  the  pressure  within  these 
is  increased  temporarily.    If  the  arteries,  capillaries,  and 
swere  perfectly  rigid  tubes  it  is  evident  that  this  pressure  would 
I  transmitted  practically  instantaneously  throughout  the  system, 
that  a  quantity  of  blood  would  be  displaced  from  the  venae 
%ym  into  the  auricles  equal  to  the  quantity  forced  into  the  aorta  by 
I  ventricle.    The  flow  of  blood  throughout  the  vascular  system 
r^Nmld  take  place  in  a  series  of  spurts  or  pulses,  the  pressure  rising 
ily  during  systole  and  falling  rapidly  during  diastole.    Since 
blood  is  incompressible  and  the  walls  of  the  vessels  if  rigid 
be  inextensible,  the  rise  of  pressure,  the  pulse,  would  be 
Itaneous  in  all  parts  of  the  system.    The  fact,  however,  that 
I  walls  of  the  vessels  are  extensible  and  elastic  modifies  the  trans- 
[)n  of  the  pulse  wave  in  several  important  particulars:    It 
why  it  is  that  the  pulse  dies  out  in  or  at  the  beginning  of 
capillaries  and  why  it  occurs  at  different  times  in  different 
%t  is,  why  the  wave  of  pressure  takes  a  perceptible 
\  to  travel  over  the  arteries.    The  result  that  follows  from  the 
city  of  the  arteries  may  be  pictured  as  follows:   Under  the 
conditions  of  the  circulation  when  the  heart  contracts  and 
I  a  new  quantity  of  blood  into  the  aorta  room  must  be  made 
r  this  blood  either  by  moving  the  whole  mass  of  the  blood  forward 
&t  is,  by  discharging  an  equal  amount  at  the  other  end  into  the 
cle — or  by  the  enlargement  of  the  arteries.    This  latter  alter- 
tive  is  what  really  happens,  as  it  takes  less  pressure  to  distend 
J  aorta  than  to  move  forward  the  entire  mass  of  blood  under  the 
litions  that  exist  in  the  body.    So  soon,  therefore,  as  the  semi- 
•  valves  open  and  the  new  column  of  blood  begins  to  enter  the 
I,  the  walls  of  that  vessel  begin  to  expand  and  during  the  time 
t  the  blood  is  flowing  out  of  the  heart — that  is,  in  round  numbers, 
lit  0.3  sec. — the  extension  of  the  walls  passes  from  point  to  point 
:  the  arterial  system.    At  the  end  of  the  outflow  from  the  heart 
!  the  arteries  are  beginning  to  enlarge,  the  maximum  extension 
in  the  aorta,  and  room  is  thus  made  for  the  new  quantity  of 
'Twxi.    The  new  blood  that  is  actually  discharged  from  the  heart 
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lies  somewhere  in  the  aorta,  by  t  the  pressure  that  has  been  tn*  I 
mitted  along  the  systeni  and  has  caused  it  to  expand  bas  vml 
room  for  the  blood  forced  out  of  the  aorta  by  the  new  \ 
With  tlie  cessation  of  the  heart  beat  and  the  closure  of  the  i 
valves,  the  slxarp  recoil  of  the  distended  aorta  drives  forward^ 
column  of  blood,  and  as  the  aorta  sinks  back  to  its  normal  ( 
diameter  the  more  distal  portions  of  the  arterial  system  are&tf 
distended  to  a  certain  point  and  then  return  to  their  diastolic ii 
as  the  excess  of  blood  streams  through  the  capillaries  into  the  i 
At  the  time  that  the  aorta  has  reached  its  diastolic  size  the  ^ 
of  the  most  distant  arterioles  have  passed  their  maximum  extK 
and  are  !)eginning  to  eollapse.     The  distension  caused  bj'  the  ] 
therefore,  spreads  tlirou^h  the  arterial  SA^stem  in  the  form  of  ai 
At  any  given  point  the  distension  of  the  walls  increases  t«  i  ' 
mum  antl  then  declines,  and  when  this  change  in  size  iB  : 
in  the  large  arteries*  by  methods  descrited  l^>elow,  it  is  fotiTKl] 
the  expansion  of  the  arterv^  is  much  more  sudden  than  the  i 
quent  collapse.     This  difference  is  understood  when  we 
that  the  heart  throws  it^  load  of  blood  into  the  arteries 
denness  and  force,  causing  a  sharp  rise  of  pressure^  while  1 
of  the  arteries  Ls  due  to  their  own  elasticity.     The 
of  the  pulse  before  reaching  the  capillar}"  are^  is 
bended  when  one  remembei^  tliat  the  arterial  tree 
creases  in  size  as  one  passes  out  from  the  aortic  trunk, 
such  as  those  of  pressure  and  velocity  already  deseribedj 
that  the  increase  in  capacity  of  the  arterial  svsteni  is 
gradual  until  the  region  of  the  smallest  arterioles  and  caf 
reached  and  that  at  tliis  point  there  is  a  sudden  wndeu 
increase  in  capacity  of  the  whole  system,  although  the 
vessels  diminish  in  diameter*     It  is  in  this  region  that  the 
under   ordinaiy    conditions,   becomes  imperceptible,*     Wheo 
arterioles  in  any  organ  are  dilated  the  pulse  may  spread 
the  capillary  regions  and  l^e  visible  in  the  veins. 

Velocity  of  the  Pulse  Wave,— From  the  above  con 
it  is  evitlent  that  in  a  system  such  as  is  presented  by  our  i 
vessels  the  A'elocity  of  the  pulse  wave  must  vary  with  the  : 
of  the  tulies.     If  fierfectly  rigid  the  pressure  would  be  tr 
practically  instantaneously;  if  the  walls  were  verv^  extensible ( 
propagation  would  be  relatively  slow.     For  our  blood-veattll| 
they  exist  at  any  given  moment  the  velocity  of  the  pulse  w»vei 
be  estimated  by  a  simple  method :  Two  arteries  may  be  select 
different  distances  from  the  heart  and  the  pulse  wave  as  it  i 

*  For  a  mitisfftctory  discussion  of  the  pulne  and  for  literature  i 
Frey,  **Die  Untersycbung  des  Pulses,"    Berlin,  1892.     For  a  deaenp 
the  variations  in  disease  consult  Mackenzie^  "  The  Study  of  the  Pubi,! 

New  York.  1902. 
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point  in  each  artery  may  l>e  recorded  liv  some  convenient 
pparatiis,  siieh  as  can  he  devised  in  an\'  laboratory.  If  the  waves 
^  Feeorded  on  a  rapidly  revolving  k>'mographioii  whose  rate  of 
movement  can  be  determineii,  then  the  fhffeix?Jice  in  time  in  the 
Rival  of  the  pulse  wave  at  the  two  points  is  e-asily  ascertiiined. 
bt  there  is  a  perceptible  difference  in  time  one  can  e^Iy  demon- 
lite  to  himself  by  feeling  simultiine^iisly  the  puke  of  the  radial 
id  the  carotid  arteries.  If  this  difference  in  time  is  determined 
riwo  arte^ries — for  instance,  the  feinural  and  the  tibialis  anterior 
md  the  distance  between  the  two  points  is  recorded,  we  have 
idently  the  necessan^  data  for  obtaining  the  velocity  of  the 
be  wave  io  the  arteries  of  that  region.  A  record  of  this  kind 
■p^n  in  Fig.  21L 


Rf,  211* — To  aiufltrate  the  method  of  det6rrninln«  the  velocity  of  the  puke  w»ve 
ma.  Shower  recoiti  of  the  puLn  at  iwp  points  on  the  leg  at  a  kpnwn  diataaoe  ap&rt. 
diff«i«nce  in  time  i^  Kivcn  oy  the  verticale  dropipeti  from  the  befi^nriinR  of  th«i»e  wavect 
»e  time  curve-  Thin  lautt  is  made  by  the  vihratintiB  of  a  tuning;  fork  giving  50  vibr^ 
r  eecoad.     The  difTeretiee  in  thie  ease  was  equal  to  0.(17  sec. 


The 


he  results  obtained  by  varions  anthors  indicate  that  the  velocity 
ries  somewhere  between  6  and  !)  meters  per  second  for  adults. 
lefigiurespiiblisheti  by  recent  observers  show  also  that  the  velocity 
aomewhat  greater  in  the  upper  extremities  (7.5  m,  for  carotid- 
lial  estimation)  than  in  the  descending  aorta  (6.5  m.  f or  carotid- 
Doral  estimation).*  The  average  of  thirty  detenninations  made 
the  author's  laboratorv-  upon  metlical  students  shows  that  the 
iocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m.  when  the 
ords  are  made  upon  the  same  leg,  and  7.4  m.  when  the  record 
the  femoral  is  t^ken  fn>ni  one  leg  and  that  for  the  anterior  tibial 

■    ♦Edgren,  "SkandiTiaviaches  Archiv  f,  PhysioL,"  1,  96,  1889. 
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from  the  other.  The  latter  condition  would  seem  to  be  more  w^r* 
raal,  since  the  blood-flow  and  nomial  tension  of  the  wiills  m 
probably  less  disturted.  An  increase  in  rigidity  of  the  arttinei 
causes  the  velocity  to  rise;  in  elderly  people,  therefore,  ti»e  vetoy 
is  distinctly  greater.  In  arterial  sclerosis  with  h}'i>ertrophy  of  tk 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  ni.  Am 
marked  dilatation  of  the  arteries— such  as  occurs,  for 
in  aneurv'stns,— retards  the  pulse  wave  markedly;  so  that! 
existence  of  an  aneur\'sm  may  be  detected  in  some  cases  by  tfi 
fact.  K  we  know  the  velocit>'  of  the  wave  and  the  time  that  it  take* 
to  pass  an}'  given  point  the  length  of  the  wave  is  given  by  the 
fomuda  1=^  vL  In  an  adult  the  dunition  of  the  wave  {t)  at  the  r»diil 
may  be  taken  as  0.5  to  0.7  see,;  so  tfiat  if  the  velocity  of  tbeu^ 
w^ere  uniform  thmughout  the  arteries  the  length  of  the  wave  would 
be  from  3.25  to  4.5  m.      We  can  conclude,  therefore,  thai  i 


Fig.  212.— Th«  Ehidgeon  Hphygmofrnph  In  poiilticm. 

the  wave  has  disappeared  at  the  root  of  the  aorta  ithasieacbedt^ 
most  distant  arteries. 
,  The  Form  of  the  Pulse  Wave— Sphygmography.— The  pi^ 

wave  may  be  felt  upon  any  superficial  arter>^  in  consequenee  of  ti* 
distension  of  the  vessel.    By  the  tactile  sense  alone  the  experience  * 
physician  may  distinguish  some  of  the  characters  of  the  wa^^'.  ^^ 
frequency,  it^  force,  etc.    The  details  of  the  form  of  the 
howe%^er,  were  made  evident  only  when  the  variations  in  siic  < 
artery  were  recortled  graphically  by  placing  a  lever  upon  it- 
iiistniment  suitafde  for  this  purpose  is  designated  as  a  tp^fl 
graph,  and  ver>"  numerous  forms  have  been  de\Tsed.    The  roo^J 
ment  of  the  arter>^  is  ver>^  soialt  and  to  obtain  a  distinct  recorli' 
necessary  to  magnify  this  movement  greatly  by  a  praperiy^ 
stnicted  lever. 

The  form  of  lever  that  ia  perhaps  moat  frequentlv  emploved  is  shown 
flcODUipanyirvg  figures.     The  instrument  is  strapped  upon  the  ana  m  tWi 
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ttonoftho  metallic  spring  v<^Xs  over  the  radial  artery.  The  movements 
tljf  arteiy  are  tninHmitt(^l  to  this  spring  ami  this  lartfT  in  turn  acts  upon 
ebenl  levert  and  the  magnifiecl  movonifnt  is  roi'ordeiJ  by  the  writing  point, 
|B&  strip  of  blackened  pajier  which  is  moved 
prthe  point  by  clock wcirk  contained  in  the 
K,  To  obtain  a  satisfactory  recfjrd  or  sphyg- 
)SrQm,  two  details  are  of  s^pecial  impartance: 
wt,  the  button  of  ihe  lever  mu^t  be  pressed 
OB  the  arten^  with  the  proper  force.  Theo- 
ticsdly  this  pressure  should  be  aUiut  equal  to 
e  dixiatolic  pressure  uiihin  the  arter)'.  ;\Ji 
hygmograplis  are  pix)vided  willi  means  to 
filiate  ihe  pressure,  and  practically  one  must 
iniso  to  place  the  button  mul  to  arrange  the 
E«ure  h3  to  obtain  the  largest  Iracing.  A 
!ODd  detail  of  importance  is  that  the  weijy^ht 
the  lever  when  set  suddenly  into  motion 
is©  a  movement,  due  to  the  inertia  of  the 
m,  which  may  alter  the  true  fomi  of  the  wa^e. 
overcome  ihia  defect  the  lev  er  should  be  as 
k$8  Doasible,  or  the  spring  upon  which  the 
try  pm-B  should  have  considerable  Tt^'ts- 
toe*  In  thi>se  sphygmographa  in  which  the 
nm  factor  is  practically  eliminated  the  diflli- 
v  of  obtaining  a  tracings  especially  from  a 
ik  puliJC,  i.s  correspondingly  incre*"ised,  and  in 
<p}iygmographs  most  commonly  pm ployed^ 
I  iks  the  Dudgeon,  facility  in  application  is 
tineil  at  the  expense  ot    incomplet^^  correction  of  the  error  of  inertia. 


FiK,  2i:j.— Tho  lever  of 
the  l»udgfrun  $«phyipn>iii^raph: 
P,  The  button  of  the  ^firuig  F, 
to  be  plaewi  upon  the  artery. 
The  mi(i\'emmii  b  truusmitted 
to  the  lever,  F\,  and  thence  to 
the  bent  lever»  Fp  whoee 
movement  h  efiectetf  through 
the  weiitht^  g.  The  writing 
point  *^',  ttt  thij*  lever  nnake& 
the  reciini  «n  rhc  Muoketl  sur- 
fftee^  A. 


The  pulse  wave  obtained  from  the  radial  artery  is  represented 
''ig.  214.  It  will  lie  seen  from  this  figure  tliut  the  alter}'  dilates 
idly  and  then  falls  more  .slowly,  bnt  it  must  l>e  Iwrae  in  rnind 
t  the  \ery  pointed  apex  of  the  wave  recorded  by  this  fomt  of 
ygmograph  L**  due  to  the  instrumental  error  referred  to  aboiej 
aely,  the  "fling"  of  the  lever  caused  by  the  sudden  expansion 


I 


r 


. — 6pliysni€isram  from  the  TtitVt&l  artery,  Duditeoo  iiphygtnoemph ; 
wave;  P,  the  predicrotic  wove. 


D,  The  diorotie 


a^te^y^     The  ascendinj^:  portion  of  the  wave  is  spoken  of  as 

wnacrotic  limb,  the  descending,  as  the  caUKrotic  limb.     Under 

>nditionB  the  anacrotic  hmb  is  smootlu — that  is,  shows  no 

iry  waves, — while  the  catacrotic   limb  show^s  one  or  more 

iry  waves,  w^hieh  are  spoken  of  in  genera!  as  the  catncrotic 

The  roost  constant  of  these  latter  waves  occurs  usually 
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approxioiately  at  the  middle  of  the  descent  (D)  and  isi 

as  the  dicrotic  wave.     A  less  coni^pinious  wave  between  it 

apex  of  the  pulse  wave  is  known  usually  as  the  predicrotk  \ 

while  the  wave  or  waves  following  the  dicrotic  are  design 

postdicroiic.     These  catacrotic  waves  are  too  small,  under 

conditions,    to   be   felt   by   the   finger.     Under   certain  al 

conditions,    however,    which   cause  a   low   blood-pressure 

marked  diminution  in  the  heart  l>eat,  the  dicrotic  wave  is 

sized  and  may  be  detected  by  the  finger,     A  pulse  of  this 

known  as  a  dicrotic  pulse.     In  each  pulse  wave  we  may  dis 

a  systolic  and  a  diastolic  phase;  the  former,  making  due  al 

for  transmission,  corresponds  with  the  time  during  which  th 

valves  ai-e  open,  and  blood  is  stream  in  t^  from  the  heart  to  th 

the   latter  represents   tlie  period  during  which   the  aortic 

are  closed  and  the  arteries  are  shut  off  from  the  heart.     In  i 

the  systolic  phase  extends  from  *•?  to  d,  the  <liastoIic  from  d  to 

Explanation  of  the  Catacrotic  Waves.— It  has  beei 

difficult  to  give  an  entirely  satisfactory  explanation  of  the  ca 

waves  or,  to  sjjeak  more  accurately*  it  is  difficult  to  decide  1 

the  difFemnt  explanations  that  have  been  pi'oi>osed.    Car 

the  dicrotic  wave,  it  may  l>e  said  tliat  tracings  from  <iiffe 

teries  show  that,   like  the  main  pulse  wave,  it  has  a  cec 

course.— that  is,  it  starts  in  the  aorta  and  runs  peripherally  i 

same  velocity  as  the  main  wave  upon  which  it  is  superposed. 

over,  simultaneous  tracings  of  the  pressure  changes  in  the  be 

in  the  aorta  show  that  the  closure  of  the  semilunar  valves  is  s 

nous  with  the  small  depression  or  negative  wave  (rf,  Fig.  214 

immecUately  precedes  the  dicrotic  wave.    The  general  beliel 

for-e.  is  that  the  dicrotic  wave  results  from  the  closure  of  th 

lunar  valves.     When  the  distended  aorta  l>egins  to  conti 

virtue  of  the  elasticity  of  its  walls^  it  drives  tlie  column  of! 

both  directions.      Owing  to  the  position  of  the  semilunar 

the  flow  to  the  ventricle  is  pmvent^d;  but  the  interpositicKi 

sudden  block  causes  a  reflected  wa^'e  which  passes  centr 

over  the   arterial  system.     The   dicmtic   wave  is  precede" 

small  negative  wave  or  notch  in  the  curve  which  marks  tl 

of  closure  or  just  follows  the  closure  of  the  semilunar  valves 

sequence  of  events  as  pictured  by  ^fackenzie  *  is  as  follow 

soon  as  the  aortic  pressure  rises  above  the  ventricidar  the 

close.     At  the  moment  this  happen?^  the  valves  are  suppo 

the  hard,  contractetl    vxmtricular  walls.     The   withdrawal 

support  by  the  sudden  relaxation  of  these  walls  will  tend  to  ] 

a  negati%'e  pressure  wave  in  the  arterial  system.     But  this  i 

*  Mackenzie,  *'The  Study  of  the  Pulse  and  the  Movementa  of  tbi 
1902. 
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rsTe  IS  slopped  by  the  sudden  stretching  of  the  aortic  valves, 
ifhich,  on  losing  their  tinn  supjxirt,  have  nt»w  themselves  tn  hear 
he  resistance  of  the  arterial  pressure.  This  sudden  checking  of 
►he  negative  wave  starts  a  second  positive  wave,  which  is  prop- 
igatecl  through  the  ai'terial  system  as  the  dicrotic  wave/'  The 
iimJler  waves,  such  as  the  predicrutic,  have  lieen  explained 
BDiply  as  reflected  waves,  or  as  instru mental  errors^  due  to  fling 
rf  the  lever.  According  to  some  authors,*  an  important — 
)erhap8  the  chief — factor  in  the  production  of  the  secondary 
craves  is  the  reflection  that  occurs  irom  the  ijeriphery.  Where 
f&ti  arterial  stein  breaks  up  into  its  snialler  vessels  the  main 
mlse  wave  suffers  a  reflection,  a  wave  running  backward  toward 
he  heart.  It  is  probable  that  such  reflected  waves  from  different 
ueas— for  instance,  from  the  coronary  system,  the  subclavian 
ystam,  the  mesenteric  system »  etc. — meet  in  the  aorta  and 
Day  in  part  sum  mate  to  larger  waves,  which  again  pass  peripher- 
lUy.  The  catacrotic  waves,  according  to  this  view,  prol)ably 
liffer  in  character  in  the  different  arteries,  and  tracings  indicate 
hat  this  is  the  case.  The  radial  [)ulse  differs,  for  instance,  from 
he  carotid  pulse  in  the  character  of  its  waves.     Between  these 


*A    V\     A     A 


\  A  A.  A 


I  2l.%— Aumcmtjc  puUe  trtnu  a.  iaM«  of  aortic  nteiJO*i*  iMackentie):  t,  The  Btieierntic 

wave. 


'posite  views  it  ia  not  possible  to  decide,  but  it  is  perhaps 

rmissible  to  believe  that  while  the  dicrotic  wave  is  due  pri- 

irily  to  the  impulse  following  upon  the  closure  of  the  semilunar 

Ives,  aevertheless  the  actual  form  of  this  and  the  other  second- 

r  waves  is  variously  modified  in  different  parts  of  the  system 

the  reflected  waves  from  different  peripheral  regions. t 

Anacrotic   Waves, — .^s  was  said  above,   the  anacrotic  limb 

der  normal   conditions  shows   no  secondary   waves.     Under 

;hologieal  conditions,  however,  a  secondary  wave  nu^re  or  less 

%Tly  marked  may  appear,  as  is  shown,  for  instance,  in  the 

eing  given  in  Fig.  215*     Such  waves  are  recorded  in  cases  of 

f  arteries  or  stenosis  of  the  semilunar  valves.     In  the  normal 

i vidua]  an  anacrotic  pulse  in  the  radial   may  be  iilitained, 

jrding  to  von  Kries.J  by  raising  the  arm.     He  believes  that 

his  |>osition  the  reflection  of  the  pulse  wave  from  the  periph- 

■  See  von  Frey,  loc^  ni. 

'For  H  general  diKeussion,  see  Ti^erstedt,  '^Ergebnisse  d,  Physiologie/' 

/oo  Kri€«,  **Studien  zur  Pulslehre/'  1892. 
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ery  is  favored,  anci  that  the  anacrotic  wave  Is  sinipl| 
reflected  wave.     An  u[)pnsite  iiiterpretatiun,  h< 
by  voxi  RecklinghuiLseii,  who  states  that  conditions  wt 
to  a  diminution  in  vascular  tone  and  a  dilation  of 
pniduce  "weak  reflection"  and  an  anacrotic  pulse* 
tion  of  the  snial!  arteries  in  any  system  favors  quick" 
in  the  artery  supplying  the  system  and  produces  a  py 
sharp-pointe<i  apex. 

Characteristics  of  the  Pulse  in  Health  and  in  ] 
By  mere  palpation  the  physician  obtains  from  the  pulae 
indications  concerning   tlie  heart  and  the  circulation 
quency  of  the  heart  beat  is  at  once  made  evident,  so  fa 
the  ventricle  is  concerned.     One  may  determine  re^d 
the  frequency  is  above  or  below  the  nonnab  whether 
is  regular  or  irreguhir.     By  the  same  means  one  can  d 


1 


Fij.  216. — SphyKraoiframfli  iUtHtmtinjc  tlic  effect  of  vanalioriJ^  in  binoei 
ul&tly  MpatL  the  portition  {*r  the  dicrotic  wave  ajnd   notch  :  n,  Tfir  dicrohc  n 
dicrxjtic  wave.     A,  Sphvgmo(jjnim  wh»l<*  blriod-preMure  was  relatively  low.  J 
nrrara    with  hif^er  blood-prcaaune.     {Ma£ktf%tie.} 


I 


whether  the  pulse  is  large  (pulsus  niagnus)  or  small  (pulspm 
whether  the  wave  rise^  and  falls  rapidly  {pulsus  celer)  aa 
in  the  case  of  insufficiency  of  the  aortic  valves,  or  wheth 
phase  or  the  other  it  is  more  prolonged  than  normal  (pulsu 
It  seems  obvious,  however,  that  a  more  satisfact^r>-  conch 
lie  reached  in  all  such  cases  by  obtaining  a  sphygmograpl 
In  the  works  devoted  to  clinical  methods  numerous  such  i 
grams  are  described.  By  mere  pressure  upon  the  artei] 
determine  also  approximately  whether  the  blood-p] 
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ix  low  by  estimating  the  force  with  which  the  wave  presses  upon 
lie  fingers,  or  the  pressure  necessary  to  occlude  the  artery.  A 
similar  inference  may  be  drawn  from  the  character  of  the  sphyg- 
mogram,  and  especially  from  the  relative  size  and  position  of  the 
dicrotic  wave.  When  this  latter  wave  falls  at  or  near  the  base  line 
of  the  curve  it  indicates  a  low  arterial  pressure,  since  under  these 
oreumstances  the  artery  collapses  readily  after  its  first  systolic 
expansion  (see  Fig.  216).  Since  the  introduction  of  the  sphyg- 
momanometer (p.  492),  however,  it  seems  evident  that  this  instru- 
nent  must  be  appealed  to  whenever  the  deteimination  of  blood- 
)re88ure  is  a  matter  of  importance. 

Venous  Pulse. — Under  usual  conditions  the  pulse  wave  is  lost 
)cfore  entering  the  capillary  regions,  but  as  a  result  of  dilatation  in 
lie  arteries  of  an  organ  the  pulse  may  carry  through  and  appear  in 
lie  veins,  in  w^hich  it  may  be  shown,  for  instance,  by  the  rhythmical 
low  of  blood  from  an  opened  vein.  The  term  venous  pulse,  how- 
'Ver,  as  generally  used  applies  to  an  entirely  different  phenomenon, 
-namely,  to  a  pulse  observed  especially  in  the  large  veins  (jugular) 
ear  the  heart.  The  pulse  in  this  case  is  not  due  to  a  pressure  wave 
"ansmitted  through  the  capillaries,  but  to  pressure  changes  of 
^th  a  positive  and  negative  character  occurring  in  the  heart  and 
ansmitted  backward  into  the  veins.  The  venous  pulse  that  has 
^  origin  may  usually  be  seen  and  recorded  in  the  external  (or 
Umal)  jugular.  Under  pathological  conditions,  especially  when 
e  flow  through  the  right  heart  is  more  or  less  impeded,  it  may 
-  plainly  apparent  at  a  further  distance  from  the  heart  and  may 
Use  a  noticeable  pulsation  of  the  liver,  which  is  designated  as  a 
''er  pulse.  The  venous  pulse  curve  has  been  much  studied  in 
cent  yeai"s.*    It  is  somewhat  complicated  and  an  explanation 

some  of  its  details  has  not  been  agreed  upon,  but  there  can  be  no 
»ubt  that  when  properly  interpreted  it  wdll  throw  much  light  upon 
e  pressure  changes  in  the  heart,  and  will  afford  a  valuable  means 

diagnosis  in  cases  of  valvular  lesions  and  other  pathological 
nditions  of  the  heart.  It  is  evident  also  that  the  venous  pulse 
^es  a  ready  means  of  determining  the  rate  of  beat  of  the  auricles. 
It  as  the  arterial  pulse  enables  us  to  count  the  beats  of  the  ven- 
cles,  and  in  this  way  records  of  the  venous  pulse  are  important 
the  interpretation  of  irregularities  in  the  beat  of  the  heart 
rhythmia). 

As  usually  recorded  the  venous  pulse  shows  three  positive 
res,  designated  commonly  as  the  a,  c,  and  v  waves,  and  three 
ative  waves.    Of  the  three  positive  waves,  the  a  wave  marks, 

*8ee  Mackenzie,  "  The  Study  of  the  Pulse,"  1902;  also  Lewis,  in  Hill's 
rther  Advances  in  Physiology,"  New  York,  1909. 
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undoubtedly,  the  contraction   of  the  auricle,   but  in  onler  \» 
locate  thi«  wave  or,  iiiileed*  to  interpret  at  all  the  complicaiai 
venous  pulse,  it  is  necessary  to  have  a  simultaneous  trin-ingof 
the  arterial  pulse,  preferably  the  carotid,  or  of  the  apex  ijeaid 
the  heart.     Either  of  these  latter  tracing?  enables  one  to  mitfk 
upon  the  venous  pulse  the  point  at  which  the  ventricular  sptole 
begins,   and  the  wave  ini mediately  precedmg  tliis  point  rou* 
be  due  to  the  auricular  contraction,  the  a  wave  (Figs.  217  aii<i 
218),     Following  the  rise  of  the  a  wave  there  is  a  fall,  the  to 
negative  wave,  which  is  due  to  the  auricular  relaXAtioci.    Tk 
interpretation   of  the  other  tw^o   positive  and  negative  wa^ 
has  been  the  suVjject  of  much  discussion.     Maekensie,  une 
whose  tracings   is   reproduced   in   Fig.  218,  believed   thai 


Fig-    217, — SimnU&neouni  MacineiM  of  the  carttlid  ubd  venoiif*  pulii«». 
tmcing  (inlertitil  ju|tulrtr>  a  iridicntej*  the  fturicular  wave  rlije  to  the  conCoMrt 
cle;   c  is  the  carotidi  wave  due   iMackcnziei   l&  un   impyliM!  front  the  ncai 
artery:   t'  i''  the  ventricular  wave  due  in  the  diecking  or  «t«Kn»tiou  of  t_ 
auricle  nn  thim  chamber  fillit  duHiiyr  Ihe  periocl  ot  closure  of  the  auriculovcDi 
X,  dilatation  duo  to  auricular  relaxation;  j^»  the  perrod  of  ventncuinr  c' 


ttSm 


fjr« 


f  wave  is  due  simply  to  the  pulse  in  the  neighboring  ca 
artery,  and  that,  therefore,  it  has  no  significance  in  reg&rd  I 
changes  within  the  heart  itself.     Careful  records  made  by  oil 
observers  show,  however,  that  this  explanation  is  insuffirit 
The  c  wave  begins  in  the  jugular  lief  ore  the  arterial  pulse  wifl 
reaches  the  carotid,  hence   this   wave  cannot  be  due  wholly  i 
the  carotid  pulse.     As  is  shown  in  the  tracing  given  in  Fig. 21^ 
the  c  wave  begins,  in  fact,  at  the  very  moment  of  ventric' 
systole.     The  explanation  of  it  which  meets  with  most  tkcctp 
ance  is  that  it  is  doe  to    a   sharp  protrusion  of  the  auricu 
ventricular  valves  into  the  cavity  of  the  auricle.     At  the  I 
ning  of  the  ventricular  systole  these  latter  valves  are  in 
for  closure,  while  the  semilunar  valves  at  the  opening  to  tij 
pulmonary  artery  are  tightly  closed.    For  a  short  period  tbei 
tricular  muscle  contracts  upon  a  closed  cavity,  and  the  pr 
upon  the  contents  riwes  rapidly.     It  is  at  the  beginning  of 
brief  period  that  the  auriculoventrieular  valves  are  protrU(i 


BWhat  into  the  auricle  and  thus  cause  a  positive  wave  in  the 
^  blood  which  is  propagated  Ijack  into  the  large  veins. 
iiately  upon  the  opening  of  the  semilunar  valves  blood 
out  of  the  ventricle  into  the  pulmonary  artery,  anil  the 
iricle  diminishes  rapidly  in  size — especially  in  the  diameter 
I  base  to  apex.  This  sudden  descent  of  the  base  of  the 
ride  pulls  downward  the  floor  of  the  auricle  and  causes  a 
len  enlargement  of  the  auricular  cavity,  which  in  turn 
a   temporary   negative   pressure   in  the  auricle  and 


_  218^— StrQiiltaQ«oU8  tradpjspHi  of  thi*  jugular  pulfie,  the  carotid  ptiW,  and  the 
tmX,  {,Bachmann,y  At  the  bottom  of  the  treeing  the  time  in  given  tri  fiftieths  of 
uL  The  iwrticBl  Unm  0,  I.  2,  3,  ele,  mark  A^-nchronoun  ptunta  on  the  curvwi. 
I  MXuicvUmr  wave;  t ,  the  so-cailea  c  wave  e&UHeii  by  the  «yi*tole  of  tiie  ventricle;  t'.  the 
tkm  wave  caused  by  the  filJintf  of  the  auricle.  It  will  b<*  noticed  that  the  c  wnve 
kd«  m  the  traciniE)  occura  at  the  bei^nninjc  of  the  ventricular  systole  at*  marked  on 
ex  beat*  and  Khortly  before  the  pyl^  tn  the  <-arotid  art«r>-.  The  height  of  the  i?  wave 
bed  jtitft  after  the  ocrurrenf^e  of  the  dirmtic  notch  on  the  carotid  wave,  and  coin- 
rith  the  opening  of  the  au  riculoven  tri  culm  r  vaJve«;  Af],  the  neipitjve  wave  caused  by 
B(A  of  the  ventricular  nysitole;  V'/*  the  neffative  wave  folIowLns:  the  opening  of  the 
loventricular  valve». 

mbd  vebis.  The  second  negative  wave  is,  therefore,  due  to 
v^ible  dilation  of  the  auricle  caused  by  the  systole  of  the 
ride.  This  negative  wave  is  converted  into  a  positive  wave 
ke  steady  inflow  of  venous  l>lood,  which  continues  to  pour 

P*  auricle  during  the  whole  period  of  the  systole  of  the 
e  and  of  the  closure  of  the    auriculoventricnlar  valves* 
IS  way  the  wave  v  is  produced.     It  is  frequently  of  irregular 
led  form  and  rises  somewhat  gradually  to  its  niaxiniem. 
or  maximum  of  the  wave  falls  in  with  the  beginning 
muscular    relaxation  of  the  ventricle,  and  the  return, 
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therefore,  of  the  base  of  the  ventricle  to  its  diastolic  {►o*^ 
Imjiiefliately    afterward   the  auriculoveiitricular    valves    *ff^ 
aud  the  blood  accumulated  in  the  auricles  is  discharge»i  ^^'^'^ 
the  ventricle,  causing  again  a  sudden  fall  of  pressure  w^  '^'^ 
auricles  and  veins,  the  third  negative  wave. 

The  true  relations  of  these  tiifferent  venous  waves  to  f^' 
sequence  of  events  in  the  ventricle  and  aorta  are  clearly  sho^J^     I 


Fig.   2Ifi. — Schema  of  the  varialioiyi  of  pressure!  in  the  ventriclr.  nuncle.  40(tk| 
«up«rior  ven*  c»v»  duntiK  a  cardiac  cycl«  In  the  dog :  o,  h.  Systole  of  ih*»  ftunele;  ( 
syBtole  of  th«  vflntriele ;  b\  oi>prtmg  of  tim  ■■emilunar  valves  ;  e.  doaurn  of  Ihft  i 
vaJves  ;  ftjb',  ■closure  of  the  Biunculoventrirular  vaJivtss  ;  /,  oponing  of  the  auricuJ'"" 
^ves.     On  the  curve  for  the  annrk  and  veirj  the  wuve  from  n  to  6  i*piT»efiUi  I 
CMOotraistfon.  the  a  wave;  that  beitinninK  ut  &  is  the  wave  due  to  vencricuk^  i 
c  wave»  and  the  rise  of  preasure  ejcteudinic  from  d  to  e  and  endini^  with  the  op«._ 
aunculov(^n(ri^uhl^  vah'es  cooatttutea  tiie  v  wave.     The  time  relation:!  are  |dr«  l. 
ab^^iivsa  in  t^-nths  of  a  second*  the  pressure  relations  in  mms.  of  merctiry  for  thet 
and  aorta  are  given  along  the  ordinales  to  the  left.     (Aft«r  Fr«d«ricg.) 

in  the  diagram  given  by  Fredericq,  which  is  reproduced  in  1 
219.     Following  this  author,*  the  series  of  positive  and  ] 
waves  which  may  usually  be  shown  in  the  auricles  and 
veins  during  a  single  heart  beat  may  be  enumerat-ed  as  fa 

1.  The  auricular  wave  (a  wave),  auricular  systole. 

2.  The  first  negative  wave,  auricular  diastole- 
s' First    systolic   wave    (positive),  c   wave,     Begumis^ 

ventricular  systole.     Due  to  sudden  closure  and  protrusioii  < 
the  auriculoventricular  valves. 

♦  Ff^dericq,  '*C€ntralblatt  f.  Pbyaol,/'  22,  No.  10,  1908. 
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\.  ^t^ond  negative  wave.  At  the  time  of  opening  of  the  semi- 
MiNMves.  Due  to  descent  of  the  base  of  the  ventricle,  causing 
kUtoxi  of  auricle. 

5*  Second  systolic  wave  (positive),  v  wave.  Latter  part  of 
^le.  Due  to  gradual  filling  of  auricle  and  at  the  end  to  the 
^^  of  the  base  of  the  ventricle  to  its  diastolic  position. 

6;  Postsystolic  (third)  negative  wave  begins  at  moment  of 
Pining  of  the  a-v  valves.  Due  to  emptying  of  auricular  blood 
'^  ventricle. 

Other  waves  have  been  described,  especially  one  in  the  dias- 
ic  phase  of  the  ventricular  beat,  which  is  known  as  the  h  wave 
irechf elder)  or  6  wave  (Gibson).  This  wave  occurs  between 
^  V  and  the  a  wave  and  is  seen  most  frequently  and  distinctly  in 
f  case  of  hearts  with  a  slow  rate  of  beat.  The  usual  explanation 
this  wave  is  that  it  is  due  to  the  very  sudden  distention  of  the 
itricles  by  the  inflowing  blood.  The  rise  in  intraventricular 
ssure  thus  produced  brings  the  auriculoventricular  valves 
denly  into  a  position  of  closure  and  causes  a  momentary  posi- 
I  wave  in  the  auricles  and  great  veins.  For  the  variations  in 
form  of  the  venous  pulse  under  pathological  conditions  of  the 
rt,  reference  must  be  made  to  clinical  literature.* 

See  Hewlett,  "Journal  of  Medical  Research,"  17,  1907;  "  Jouraal  of 
Amer.  Med.  Assoc.,"  51,  1908,  and  Hirschfelder,  ^^  Diseases  of  the 
t  and  Aorta,"  Philadelphia,  1910 


^^^^^^^^^^^[       eHAPTER                         ^^^^^H 

^^^^f                              THE  HEART  BEAT,                           ^ 

^^^f         General  Statement. — We  divide  the  heart  into  four  chamben^ 
^^»           — the  two  auricles  and  the  two  ventricles.     What  we  designate  i«tH 
^m            heart  beat  lieging  with  the  simultaneous  contraction  of  the  tioH 
^m            auricles,  immediately  followed  by  the  simultaneous  eontmctionoW 
^H            the  two  ventricles;   then  there  is  a  pause,  during  which  the^'bolw 
^B            heart  is  at  rest  and  is  filling  with  blood.     As  a  nui tter  of  fact^tk  1 
^B            heart-beat  i.s  initiated  not  by  the  auricles  prop>er,  but  by  an  aretB 
^M            of  specializetl  tissue  in  the  right  auricle  lying  between  the  oprfrH 
^m            ings  of  the  two  cavse.     This  jx^rtion  of  the  auricular  wall  (wr^B 
^M            sponds  physiologically  to  a  definite  chamber,  the  venous  dino^H 
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220. — ^To  nhow  the  time  reLstiiins  of  the  auricul&r  RV^tole  and  duuiUilCki*^^^^^! 
Htutfl  and  dia^iolf^  LMarev\:  Or.D.  Tracinj^  from  ng^l  ftuncte;  l-'fiil.  i^i  M^H 
ventricle;    V'ertI,  G,  tmcine  fmm  left  \nentnote.     ObtJilned  fraoi  tilt  faMI&v'i^H 
leaxLs  of  tub«s  communic&tmg  with  the  cavitieo.                                                 ^H 

eart  of  the  lower  vertebrates  (see  Fig,  224).     ThecontncH 
my  part  of  the  heart  is  designated  as  it.s  systole^  its  reltf>^| 
i  period  of  rest  as  its  diustok.     In  the  heart-beat  we  '^•^''^iH 
e,  the  auricular  systole,  the  ventricular  systole,  aivd  thWl 
ause,  during  w^hich  both  chambers  are  in  diastole.   HA 

_    1     J.*                     X*               j^      1             1^         M      %                     1      .A^^H 
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ically  the  four-chambered  heart  is  developed  from  a  simple 
>€,  and  this  origm  is  indicated  in  the  adult  b}^  the  fact  that  the 
isculature  of  the  two  auricles  is  in  large  part  coninion  to  both 
imbers,— that  is,  surrounds  them  as  though  they  were  a  single 
unber,^ — ^and  the  same  is  true  of  the  ventricles.  In  the  auricles 
^re  b  a  superficial  layer  of  fibers  which  runs  transversely  and  en- 
cles  both  auricles*  The  simultaneous  contraction  of  the  two 
Ambers  would  seem  to  be  insured  by  this  arrangement  alone* 
addition,  each  auricle  possesses  a  more  or  less  independent 
stem  of  fibers,  whose  course  is  at  right  angles  to  that  of  the 


V^s?^ 


ss' 


L^if.  221* — Schema  to  thorn  tb«  course  of  %hv>  Biiperfirial  and  d*ep  fiben  of  the  buIlxH 
r^aad  aiiioapir:al  9yat«irk^.  Th«  heart  is  vievred  from  the  dorsal  side,  BS^  erupericial  bulbo- 
Plltyil«m;  BS\  dof^p  bulhoHplral  ayvtem;  SS,  auperfictal  niiiaspii-al  system;  !:>S%  deep  siao- 
J^VIban;  C,  circular  fibem  round  the  coaus:  C\  circular  fibers  rouad  the  baae  of  the  aorta 
?jAtkift  ostium;  LRV^  lo1^ittldi]]al  bundle  of  right  ventrirlGiT  from  m«mbT&DOUJ  septum  to 
'<ti>«Blliel«;  JV,  iaterreixtnculiu-  or  intvrpapillary  layer  (Mull). 

^Seeding  layer.  These  fibers  may  be  considered  as  loops  arising 
d  ending  in  the  auriculo-ventricular  ring.  The  course  of  the 
ers  in  the  ventricles  has  been  difficult  to  make  out,  and  several 
ire  or  l^^s  different  accounts  have  been  published.  The  fibers 
the  surface  of  the  heart  arise  from  the  tendinous  rings  and  mem- 
kOes  at  the  base  and  take  a  spiral  course  to  the  apex,  where  they 
n  a  vortex  and  pass  into  the  interior  of  the  left  ventricle  to  enter 
septum  and  make  connections  with  the  papillarj^  muscles. 
^hiB  way  they  return  upon  themselves  toward  the  base  of  the 
ri  and  form  spiral  loops  whose  contractions  serve  to  approxi- 


mate  base  and  apex  and  at  the  same  time  to  give  a  rota 
apex  from  left  to  right.  Mall*  divider  these  superficial 
two  groups^  First,  the  superficial  bulbo-spiral  fibers  (i 
arise  from  the  comis,  the  left  side  of  the  aorta,  and  the 
the  left  ostium  venosuoi,  take  a  spiral  course  to  the  a 
they  form  the  posterior  horn  of  the  vortex,  and  peneti 
interior  of  the  left  ventricle  to  end  in  the  septum  and 
posterior  side  of  the  ventricle,  making  connections  ab 
posterior  papillary  muscle.  Some  of  the  deeper  fib< 
layer  encircle  the  lower  part  of  the  ventricle  and  then  pi 
to  end  at  the  base  of  the  heart.  The  bulbospiral  fib 
chiefly  to  the  left  ventricle.      Second ,  the  superficial 


Fig.  222  — Anterior  iurfRMi  of  the^  h^art,  to  nhow  th«  ftirangfrmeDt  i 
over  ih©  right  vent  rid*?;  4S,'<,  Sinojipirnl  band;  BS,  bulbonptrttl  bftod;  B^ 
■pLral  fty«teiii  na  thjoy  eavor  the  vortex;  D*  £.\  hbera  of  the  amcwpinJ  buid  i 
(Mult). 


fibers  (S  -S),  which  arise  mostlj'  on  the  posterior  a-^^j 
from  the  right  ostium  venosum,  the  sinus  end 
heart,  take  a  spiral  course  to  the  apex  over  the  i 
the  right  ventricle,  running  more  transversely] 
jpiral  group.     At  the  vortex  this  system  forms  , 
of  the  vortex  and  penetrates  into  the  interior  ofl 
to  end  along  the  anterior  side  and  in  the  papij 
ticularly  the  anterior  papillary.     Beneath  the*^ 
Ue  corresponding  deep  layers  of  the  bulbosf 
systems,  which  have  a  more  transverse  or 
deep  bulbospiral  fibers  (B  S')  encircle  the  leJ 

•  Mall,  "The  AmericaD  Journal  of  AnatomyJ 
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if  the  septum  on  the  dorsal  sitle  of  the  aorta.  These 
he  developetl  heart  make  a  strong  circular  system  whose 
(m  tends  to  diminish  the  lumen  of  the  left  ventricle. 
ip  superficial  sinospiral  8ystem  lies  the  deep  sinospiral 
t')f  which  arises  from  the  posterior  side  of  the  left  ostium 
e  transversely  to  enter  the  interior  of  the  right  ventricle 
"turn  upward  toward  the  base.  At  the  base  of  the  heart 
be  fibers  of  tlie  bullxjspiral  system  pass  eirenlarly  round 
if  the  aorta  and  the  left  ostium,  and  in  the  right  ventricle 
be  sinospiral  system  form  circular  loops  round  the  conus 
Se  of  the  pulmonary  ail^ry.    As  will  be  described  below, 


■  vicir  of  bearr,  ■M>mewhAt  to  l^ft,  aft*T  tLe  Eniperfici&l  mLaospirAl  band 
_-j  po«t«nor  long^itudioal  autcua:  ES^,  deep  hulboariiral  band:  BS,  vuper- 
,  A,  B,  and  C  are  fibfn?  bcloogiDjr  to  liun  pyett'in  imd  formiaK  the  pHjaterior 
i  iXT^'  '*^'^'  »uperficid  nnosptrat  buDd,  D  and  E  are  libora  belonKJnf  In  this  sjatecn 
I  '■«e  &Di«nor  horn  of  the  vortex;  CLV,  thu  circular  bund  (bulbospiruJayBteti]}  round 
^^  osUum  (MiiU). 

i  some  physiological  e\idence  to  indicate  that  this  latter 
t  circular  fibers  aroimd  the  base  of  the  pulmonary  artery 
h  are  the  last  to  enter  into  contraction  in  the  systole  of  the 
I,  as  might  be  expecteti  from  their  homoiog:>^  with  the 
lure  of  the  bulbus  arteriosus  in  the  hearts  of  the  lower 
tes. 

Auriculoventricular  Bundle- — A  matter  of  ver>^  great 
jical  interest  in  connection  with  the  invariable  sequence 
lirt-i>ea.t  has  been  the  question  of  the  existence  of  a  direct 
I  connection  betw^een  the  auricles  and  ventricles.  In 
f  vertebrates  there  is  muscular  continuity  throughout 
I  from  the  venous  end  to  the  arterial  end.  In  hearts  of 
(see  Fig.  224)  we  may  distinguish  four  different  chambers — 
venoBUSj  into  which  the  great  veins  open,  the  auricle 
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(right  and  left),  the  ventricle  (single),  and  the  bulh 
or  bulbus  cordis.  The  musculature  of  each  charal 
with  that  of  the  succeeding  one,  and  the  contractioa' 
l>egins  in  the  sinus,  spreads  in  order  to  the  following 
the  heart.  There  is»  however,  a  pause  or  intemiptioi 
sage  of  this  wave  at  the  sino-auricular  j unction »  at  i 
ventrieolar  junctioUi  and  at  the  bulbo ventricular  junc 
the  contraction  of  each  chamber  is  marked  off  as  a 
currence.  In  the  human  heart  and  the  mammali 
general  we  are  accustomed  to  distinguish  only  the  i 
ventricles,  but  physiological  and  anatomical  studi< 
have  shown  that  in  such  heart-s  a  remnant  of  the  sini 


Fig.  224. — A  K^nemlUtHi  type  of  vertebrate  heart.  conxbiDiac  (eaiuret  I 
doKis<h  titid  fri>ff  iKfifhy.  n.  Sioui*  venonuji  and  voiiis',  K  nurictjlar  canal;  c, 
e,  hu\buB  eordiB,  f.  aorta;  1-1.  flino-auricular  jutiPlion  aisd  venous  valve*;  S 
lutDcUoQ;  3-3.  aBDular  part  of  auiicle;  4-4,  mvagioatedj  part  of  auricle; 
juactioD. 


found  in  the  right  auricle,  particularly  in  the  area 
the  openings  of  the  venae  cavse  and  round  the  coroni 
speeial  collection  of  this  tissue  which  lies  **  in  the  sulca 
just  below  the  fork  formed  between  the  junction  of  tl 
face  of  the  auricuhtr  appendix  with  the  superior  ven 
been  described  by  Keith  and  Flaek,  and  is  designated 
auricular  node.  The  beat  of  the  heart  l>egins  in  thia 
the  case  of  the  hearts  of  the  lower  vertebrates,  and  spi 
to  the  auricular  muscle,  with,  perhaps,  a  pause  at  a  e 
junction,  although  this  is  uncertain.  At  the  other  ea 
cordis  is  representefi  in  the  human  heart  by  the  con 
of  the  right  ventriele,  and,  as  we  shall  see,  there  is  s( 
that  this  portion  of  the  ventrieie  contracts  somewi 
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^^  "tn^atter  of  greatest  interest  in  eoimoction  mth  tho  dif- 

tVflSi\bers  has  been  the  nature  of  the  auric uloventricuJar 

^;    *^^  the  miimmahan  heart  tendinous  tissue  develops  in 

^o^>  and  for  a  long  time  it  was  supposed  that  there  was  no 

P^r  t^otuiection  between  auricles  and  ventrieles.     In  recent 

I  However,  it  has  been  shown  most  satisfactorily  that  there  is  a 

P^  band  of  cardiac  muscle  or  modified  muscle,  known  usually 

l^^Hadovenlricuiar  biindk,  whit^h  connects  auricle  and  ven- 

^  The  bundle  as  a  definite  structure  begiiLS  at  the  base  of  the 

Ocular  septum,  at  the  posterior  margin,  and  on  the  right 

^  Collection  of  small  cells  or  fibers  known  as  the  node,  or  the 


i.-'To  show  the  poaition  of  the  HuHculovenlriicular  bundle  in  the  heart  of  the  calf: 
ruloveotricuUr  buodte.  Aa  it  man  along  the  top  of  the  ventnculfir  eepiuca,  it  is 
\titkto  two  braofiberf,  one  etiteririK  thp  rights  the  other  the  k-ft,  ventricle;  3,  the  begin-^ 
tfaebuodJe  ia  the  auricukr  aopium  known  tm  The  A-V  node;  I.  the  branch  of  th&  bundle 
|tberifht  veotriclu  in  the  septa!  wall;  I.  central  cartil&ce  {Jrom  Kr^fh^, 


imitricidaT  node  (A-V  node),  it  runs  as  a  bundle  along  the 

the  interv^entrieular  septum  (see  Fig.  225) ,  and  near  the 

►f  the  posterior  and  median  flaps  of  the  aortic  valve  it 

into  two  main  branches,  one  of  which  enters  the  right 

,  the  other  the  left,  each  lying  beneath  the  endocardium. 

down  the  septal  wall,  these  branches  di\ide,t  as  repre- 

fn  Fig.  226,  to  form  a  system  of  strands  that  can  be  traced 

Reiser,  *' Archiv  f.  Anatomie,"  H)04,  p.  1,  antl  ^'Anatomical  Record," 
908;  Braeunii;,  "Archiv  f,  Physiologuj/'  1904,  suppL  volume,  p.  1; 
**Das  Reizleitimgasvslem  dea  Saugethierherzena,     Jena,  1906. 
ritt,  ** Anatomical  Record,"  3,  475,  1909. 
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over  the  inner  surface  of  the  ventricles,  constituting  what  weft, 
formerly  de>signated  as  Purkinje  fibers.     The  auriculoventria 

notle  in  the  interauricular  septum  is  connects!  with  the  miL<>cul>'l 
ture  of  the  auricles,  and  through  muscle  bundles  in  the  septum  vntk I 
the  remnant  of  sinus  tissue  (sino-auricular  node)  at  the  mtmthuf| 
the  superior  vena  cava.     The  main  bundle  and  the  larger  br 
of  this  system  are  surrounded  by  fibrous  tissue,  and  it  is  une 
whether  or  not  it  actually  eontraets  during  the  beat  of  the  1 
but  there  is  little  doubt  that  it  eoiistitute&  a  conduct»ng  systems 
modified  muscular  tissue  through  which  the  excitation  is  conv 


%u. 


Fig:,  226. — ^Thc  auriculaveBtriculBr  huDdl**  and  it*  terminal  r&cnificfttto«D9  ia  tJto  i_  ^ 
&t  the  voDtriclcs  (from  mixit  1  ron^ttruotod  by  Miw*  De  Will  on  baMit  of  dimnt*innk\^  t^f 
Hicifi  of  the  buQctte  into  ri|chl  and  k'ft  bruncbes  lb  shown^  And  the  minificmtiQcia  of  tadljlti 
brancht?M  m  chf!  interior  of  the  riicht  and  led  \<'entricla8.  The  brmoi 
thcle  isincoiup1et«  in  the  inodei  sj9  ib«i  outer  wall  of  this  ventricle  J 
diaaection. 


from  rigfit  auriek^  to  the  ventrieles,  and  perhaps  from 
region  first  to  the  aurieies  and  then  to  the  ventricles-    Thtl 
node  and  the  main  bundle  in  the  human  heart,  are  smBXl  in  i 
alxmt  18  mm.  loop;, and  from  1 .5  to  2.5  mm,  wide,  and  the>''  and t 
dependent  system  of  tiljers  or  strands  in  the  interior  of  the  veoti 
constitute,   aeeording  to   Kcnth  and   Flaek,*  a   remnant  of ' 
original  invagination  of  niuseular  tissue  from  the  auric 
(Fig.  224)  J  through  which  auricle  and  ventricle  are 
the  lower  vertebrates. 

The  Contraction  Wave  in  the  Heart. — It  seems  to  be  \ 
fitrated  that  normally  the  contraction  of  the  heart  be^n^  in  1 
sinus  tissue  of  the  right  auricle — the  so*called  sino-aurieuliir  i 

•  Keith  and  Flack,  '^Journal  of  Aimt.  and  Ptiv^iolop^'/*  41.  172.  l90S,i 
43,  p,  L 
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cribed  in  the  preceding  paragraph,  or  in  the  neighboring  sinus 
ue.  The  tissue  of  the  sino-auricular  node  is  designated  some- 
68  as  the  pace-maker  of  the  heart,  on  the  assumption  that 
rfa3rthm  sets  the  pace  for  the  rate  of  beat  of  the  whole  heart. 
Mriments  made  to  demonstrate  this  point  by  excising  or  de- 
ijyiDg  the  portion  of  the  sinus  region  containing  the  node  have 
sn  conflicting  results.  "*"  Some  authors  state  that  the  rate  of  the 
rt-beat  is  not  affected  by  such  operations,  while  others  claim 
t  the  subsequent  auriculoventricular  beat  takes  on  perma- 
tly  a  slower  rhythm. 

[n  the  mammalian  heart,  when  exposed  to  view,  it  is  evident 
i;  the  auricular  systole  is  not  suflScient  to  empty  its  cavity,  so 
at  least  as  the  atrium  is  concerned.  The  contraction  of  the 
cular  appendages  is  more  forcible.  The  contraction  may  be 
irded  as  a  rapid  peristalsis,  which  sweeps  a  portion  of  the  blood 
ire  it  into  the  ventricle.  The  force  of  the  contraction  has  been 
^rmined  in  a  number  of  cases.  For  the  auricle  of  the  dog's 
rt  the  pressure  caused  by  the  contraction  has  been  estimated 
le  equal  to  9  to  20  mm.  Hg.    The  systole  of  the  ventricle  is  to 

eye  a  simultaneous  contraction  of  the  whole  musculature. 
ious  observers,  however,  have  shown  that  the  wave  of  contrac- 
.  travels  over  the  heart  with  a  certain  velocity,  which  for  the 
lan  heart  has  been  estimated  at  5  m.  per  second  (Waller),  and 
the  rabbit's  heart  (Gotch)  at  3  m.  per  second.  It  is  probable 
b  this  wave  starts  at  the  base  of  the  ventricle  and  travels  along 

course  of  the  fibers — ^that  is,  first  toward  the  apex  and  then 
» the  interior  of  the  heart.  In  regard  to  this  point  there  have 
Q  great  differences  of  opinion  among  different  investigators. 
lie  the  older  view  assumed  as  a  matter  of  course  that  the  con- 
ation begins  at  the  base  and  passes  toward  the  apex,  the  newer 
vwledge  in  regard  to  the  conduction  system  between  auricles 
I  ventricles  seems  to  indicate  from  the  anatomical  side  that  the 
Iculoventricular  bundle  spreads  out  upon  the  papillary  muscles 
lie  interior  of  the  ventricle,  and  that,  therefore,  the  contraction 
Joe  ventricles  may  begin  with  the  papillary  musculature  and 
ace  spread  to  the  oblique  and  circular  fibers  of  the  ventricles.| 
8  anatomical  indication  has  been  confirmed  experimentally 
9ome  investigators  and  contradicted  by  others.  Observations 
n  the  papillary  muscles  seem  to  show  that  they  are  not  the 

portion  of  the  musculature  to  enter  into  contraction,  but 
ther  the  ventricular  systole  begins  in  them  is  not  so  clear. 

course  of  the  contraction  wave  has  been  studied  chiefly  by 

See  Cohn,  Kessel.  and  Mason,  "Heart,"  3,  311,  1912,  and  Moorhouse, 
>rican  Journal  of  Physiology  "  30, 358, 1912,  and  31,  421, 1913. 
CoiMiult  Nicolai  in  ^'Nagers  Handbuch  d.  Physiologic,"  vol.  i,  p.  824. 
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means  of  the  at'companying;  electrical  variation,  and  th?  rnilti 
obtainerl  from  this  method  are  stated  briefly  in  the  suci 
paragraph.     Between  the  auricular  and  ventricular  conUactio 
there  is  a  perceptible  interval,  which,  for  the  human  heart,  can  l 
e^timatet!  froni  a  j^tutly  of  the  recortls  of  the  jugular  pulse.  TbeiJ 
terval  between  the  a  an<l  the  c  waves,  the  a-c  interval,  as  it  isc 
marks  the  time  interveniiip;  between  the  contraction  of  the  j 
and  of  the  ventricles.     This  interval  may  be  valued  at  0.2  Kci 
less  CO  J  2  to  0.2  see.),  and  is  due  chiefly  to  the  time  necessary  I 
the  excitation  wave  to  pass  over  the  conducting  system  bcti 
auricles  and  ventricles,     hi  all  prol>ability  the  conduction  in  1 
system  is  slower  than  in  the  musculature  of  the  auricles  (X  i 
triclea.     In  the  dog,  for  example,  the  interval  between 
and  ventricular  contraction  is  alwut  0.1  see.     Since  the  con 
auriculoventricular  bundle  htis  a   length  of    10  to   15  iniiL»  1 
velocity  of  the  conduction  through  this  bundle  must  be  i 
10  to  15  cm.  per  second. 

The    Electrical    Variation* — ^The  contraction  of   the 
uuiscle,  like  that  of  skeletiil  muscle,  is   accompanied  or  pn 
by  an  electrical  change.     That  is,  where  the  muscle  substaaffi 
in  contraction  its  electrical  potential  is  difTerent  from  that  of  1 
resting  muscle.     The  advancing  wave  of  contraction  raairs( 
corresponding  electrical  change  or,  to  be  more  accurate,  thf ) 
vancing  wave  of  excitation,  which  precedes  the  actual  contract 
is  accompaaieil  l*y  an  electrical  chaiige.     If  two  points  of  the  I 
are  connected  with  an  electrometer  an  electrical  current  wU  1 
showTi,  since  the  electrical  change  will  affect  the  electnxle*  I 
ditTerent  times,     Tliis  electrical  variation  of  the  contracting  1 
muscle  may  be  shown  easily  by  means  of  the  rheoscopic  i 
nerve  preparation  (see  p.  103).     If  the  heart  is  exposed  and  1 
nerve  of  the  preparation  is  laid  over  its  surface  each  venti 
systole  is  accompanied  by  a  kick  of  the  muscle,  since  the  mrxt^ 
connecting  separated  points  acts  as  a  conducting  wire  iot  i 
current  generated,  and  is  stimulated,  therefore,  at  each 
Since  the  muscle-nerve  preparation  gives  only  a  simple  i 
tion  for  each  ventricuhir  systole,  we  may  assume  that  thii  1 
contraction  is  itself  simple, — that  is,  due  to  a  single  stifflW 
The  electri(*al  variation  may  be  oljtained  also  by  means  of  ^ 
capillary^  ele<^trometer  or  the  string-galvanometer    (p.  9S). 
since  the  movement  of  the  mercury  or  of  the  string  ia  thc*^. 
ptruments  may  be  photographed,  the  results  can  be  stiidW| 
detail     Owing  to  tlie  sensiti\  encss  of  the  instrument,  thf  ' 
of  the  Imtufm  heart  may  l>e  registered  in  tliis  way  (Waller) ' 
the  right  hand,  giving  the  potential  changes  of  the  ba«rfl 
heart,  is  connected  with  one  electrode,  and  the  left  hand 
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is  connected  with  the  other.  The  electrocardiograms 
ained  photographically  show  that,  in  the  ventricle  at 

electrical  variation  exhibits  several  phases,  and  the  char- 
these  phases,  that  is,  whether  the  base  or  the  apex  first 
n^ative  potential,  has  been  used  in  discussions  upon 
Hon  of  the  wave  of  contraction.  In  Fig.  227  is  given 
"ation  of  a  human  electro-cardiogram  obtained  by  con- 
lie  right  and  left  hands  with  the  electrodes  of  a  string 
leter.  With  such  an  arrangement  or  "  lead "  the  elec- 
the  right  hand  may  be  regarded  as  leading  off  from  the 

end  of  the  heart,  while  that  in  the  left  hand  leads  off 
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7. — Electrocardiogram  obtained  by  photographinR  the  movementfl  of  the 
string-galvanometer.  The  upper  figure  shown  the  photographed  curve,  while 
le  is  a  diagram  conntnicted  from  the  photograph  to  make  clearer  the  electrical 
a  single  cardiac  cycle.  To  obtain  this  record  the  electrodes  were  connected 
ht  and  left  liand^t.  Waves  with  the  apex  upward  indicate  that  the  base  of  the 
e  right  ventricle)  in  negative  to  the  apex  (or  left  ventricle).  \Vave«  with  the 
rarahave  the  opposite  significance.  Wave  P  is  due  to  the  contraction  of  the 
avee  Q^  R,  S,  and  T  occur  during  the  fly.stole  of  the  ventricle.    {Einthoven), 

apex  of  the  ventricle.*  As  the  galvanometer  is  arranged, 
vity  (indicative  of  excitation)  toward  the  auricular  end 
I  by  a  movement  above  the  horizontal  base  line,  while 
vity  toward  the  apex  is  shown  by  a  movement  in  the 

direction.  The  cardiogram  shows  that  the  heart-beat 
ith  a  sudden  development  of  negativity  at  the  auricular 
^e  P;  this  is  interpreted  satisfactorily  as  being  due  to  the 
n  of  the  auricles.  The  following  ventricular  stimulation 
ith  a  wave  Q  below  the  line,  which  would  indicate  an 

a  description  of  the  Elect ro<!ardi()gram  and  the  literature  consult 
Williams,  "American  Journal  of  the  Medical  Sciences,"  Nov.,  1910, 
ind  Nicolai,  "Das  Elektrokardiogramm,"  Leipzig,  1910. 


534  CIRCULATION    OF    BLOOD    AND    LYMPH* 

excitation  toward  the  apex  of  the  heart.  The  interprel 
has  not  been  niiide  satisfactorily,  but  in  accordance  with  tl 
tomical  arrangement  of  the  atiricuioventrirular  bundle  refc 
in  the  la^^t  pariigraph  it  i^  possible  that  it  indicates  that  thi 
excitation  in  the  ventricle  start^s  in  the  fibers  of  the  papillai 
culature  near  the  apex.  Q  is  immediately  foIlowe<l  by  tl 
wave  /?,  which  indicates  an  excitation  at  the  base  of  the  va 
followed  by  a  rapid  transition  to  the  opposite  phase  S, 
excitation  passes  to  the  apex  of  the  ventricle.  The  n 
occurring  at  the  end  of  the  ventricular  systole,  has  been  dW 
intei-pret.  According  to  one  view*  it  indicate-s  that  tfc 
of  excitation  passes  last  to  the  basal  portion  of  the  vci 
consequently  that  the  contraction  of  the  ventricle 
at  this  iK)int-  This  conception  is  in  hamiony  with  t 
logical  fact  that  the  ventricle  develops  originally  from 
having  a  venous  and  im  arterial  end,  iind  that  this  tuV»e  1 
bent  upon  itself  so  that  these  two  ends,  the  ostium  venoe 
the  bulbus  arteriosus,  lie  together  at  the  base  of  the  hei 
expressed  by  Keith,  the  base  of  the  ventricle  consists  in  n 
tw^o  parts— an  auricular  base  and  an  aortic  base,  the  begini 
the  end  of  the  ventricular  tube,  and  the  electric  cardiograi 
the  wave  of  contraction  from  one  to  the  other,  R  to  T,h} 
the  apex.  Other  obeen^ers,  t  in  fact  most  of  the  worken 
field,  doubt  this  interpretation,  since  the  T  wave  may  be  c 
apparently  from  any  point  on  the  external  8uri"ace  of  the  hej 
cle.  Einthoven  states  that  this  wave  may  be  positive  or  neg 
may  be  absent .  According  to  him  the  whole  ventricle  is  in  i 
tion  between  the  R  and  T  wave  and  there  is  during  this  p 
difference  in  potential.  The  T  wave  when  present  i 
simply  that  the  condition  of  contraction  doe«  not  ceasi 
taneously  in  all  parts  of  the  ventricle.  It  is  evident  fro 
diverging  views  that  it  is  not  possiVile  at  present  to  give 
factory  interpretation  of  the  electrocardiogram. 

Change  in  Form  of  the  Ventricle  During  Systole. 
attentiim  has  l)een  paid  to  the  external  change  <»f  fo^ 
ventricle  during  systole.  Does  it  diminish  in  size  in  alM 
or  unly  in  certain  diameters?  The  question  is  one  tWK 
be  answered  definitely  for  all  nornjal  conditions,  owinj 
fact  that  the  form  of  the  heart  during  diastole  varies  \ 
posture  of  the  l)udy.  During  diastole  the  heart  mi 
quite  soft  and  relaxed,  and  consequently  its  dhape  is  inl 
by  gra\1ty.    The  exact  change  of  form  that   it  uild| 

♦Gotch,  "Heart,"  vol.  i,  p.  235,  1010.  " 

t  Me€k  and  Eyster,  * 'American  Journal  of  Physiology,"  31, 
Einthoven,  "l^iigers  Archiv/^  H9.  65,  1912. 
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IMasing  from  diastole  to  systole  will  vary  with  its  shape,  what- 
ever that  may  happen  to  be,  in  diastole.  During  systole  the 
musculature,  on  the  contrary,  is  hard  and  resisting  and  the  form 
of  the  heart  in  this  phase  is  probably  constant.  The  change 
fcom  the  variable  diastolic  to  the  constant  systolic  form  will  natu- 
nlly  be  different  in  different  positions.  With  an  excised  frog's 
ketft  one  can  show  that  the  ventricle  is  elongated  in  passing  from 
(fiastole  to  systole  or  one  can  show  the  reverse.  If  the  heart  is  laid 
upon  its  side  it  flattens  in  diastole  so  as  to  increase  in  length, 
•od  systole  causes  a  shortening.  If  the  heart  is  held  or  placed 
with  its  apex  pointing  upward  it  flattens  during  diastole  so  as 
to  shorten  the  diameter  from  base  to  apex  and  during  systole 
tluB  diameter  is  lengthened.  In  ourselves  the  exact  change  of 
Aape  is  probably  different  in  the  erect  from  what  it  is  in  the 
mumbent  posture.  Speaking  generally,  the  accounts  agree  in 
stating  that  the  long  diameter  of  the  heart  is  decreased,  base  and 
^)ez  are  brought  closer  together,  and  the  diameter  from  right  to 
bft  is  also  decreased,  while  the  anteroposterior  or  ventrodorsal 
diameter  is  increased.  That  is,  the  outline  of  the  base  of  the  heart 
during  diastole  is  an  ellipse  with  its  short  diameter  in  the  ventro- 
donal  direction.  During  systole  this  outline  approaches  that  of  a 
drele.*  A  more  interesting  change  is  described  for  the  apex  of 
the  ventricle.  Owing  to  the  whorl  made  by  the  superficial  fibers 
•tthis  point  as  they  turn  to  pass  into  the  interior  (see  Fig.  223), 
the  systole  causes  a  rotation  of  the  apex,  which  is  thereby 
forced  more  firmly  against  the  chest  wall.  This  rotation  and 
aection  of  the  apex  during  systole  may  be  seen  upon  the  exposed 
bart  of  the  lower  mammals  and  has  been  described  also  for  man 
H  eases  in  which  the  heart  is  covered  only  by  the  skin,  owing  to 
ludformation  in  the  chest  wall  (ectopia  cordis)  or  to  surgical 
^)»ations.  The  exact  position  and  size  of  the  heart  in  man  and 
ts  variations  in  these  respects  under  various  normal  and  patho- 
ogical  conditions  may  be  studied  quite  successfully  by  means  of 
te  »-rays.  When  the  x-rays  are  passed  through  the  chest,  the 
leart  forms  a  shadow  which  may  be  seen  with  the  aid  of  the  fluor- 
ficent  screen  and  which  may  aLso  be  photographed.  The  appa- 
atus  used  for  this  purpose  may  be  so  arranged  that  the  rays  pass 
hrough  the  chest  in  parallel  lines  and  give  a  shadow  of  the  exact 
ise  of  the  heart.  The  arrangement  of  apparatus  for  this  purpose 
(  designated  usually  as  an  orthodiagraphy  and  the  photographic 
icord  obtained  is  spoken  of  as  an  orthodiagram.  It  may  be  shown 
y  this  means,  for  example,  that  during  muscular  exercise  there  is 
diminution  in  the  size  of  the  heart  accompanying  the  increase 
heart-rate. 

♦  See  Haycraft  and  Edes,  "Journal  of  Physiology,"  12,  426. 
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The  Apex  Beat.^The  apex  of  the  heart  nests  against  the  chert 
wall  at  the  fourth  or  fifth  iatercostal  space,  and  here  the  8\tU)k 
may  te  seen  and  felt,  in  consequence  of  a  slight  protrufflon  of  tk 
wall.     Much  discussion    has  ensued   as   to  ivhy  this  protmM 
occurs  during  systole,  since  the  apex  is  drawn  toward  the  \m  ' 
and  the  volume  of   the  heart  is  diminished   by   the  output  oi 
blood.     The  fact  seems  to  lie  explained  satisfactorily  by  two  tost 
siderations :  The  heart  during  diastole  rests  against  the  chest  i»E 
at  its  apex  and  a  portion  of  its  anterior  surface,  but  causes  no  pio- 
trusion  of  the  wall  because  the  tenseness  of  this  latter  is  sufficient 
to  flatten  or  deform  the  soft-er  heart  muscle.     During  systole  the 
haRlened  heart  muscle,  on  the  contrary',  overcomes  the  now  leb- 
tively  less  resistant  integument.     The  rotation  of  the  apex  teodi 
also  to  maintain  the  contact;  so  that,  although  the  heart  is  short- 
ened in  its  long  diameter,  the  extent  of  the  movement  is  oot 
sufficient  to  draw  it  away  from  the  chest  wall.     In  the  second  fjiwe, 
the  discharge  of  the  heart  contents  into  the  cnr\'ed  aorta  by  t^nd 
to  straighten  this  tube  causes  a  movement  of  the  whole 
downward  which  counteracts  the  effect  of  the  shortening  in 
long  diameter.     The  ajiex  beat  is  proof  that  the  apex  reo 


FS«.  228.— Mawy^a  c«riiioKrnph.     Tb«  butUm  on  thm  tAmbcntr  b  pra-_ ^. 

ctMiit  over  Ihe  npex.     The  movements  Am  tratuan»tt«rl  throuirh  the  tub«  U>  tht  nclM  to  I 
rtoarding^  tunbour. 

against  the  chest  wall  during  systole  and  in  mammals  corroh 
experiments  have  l^een  made  by  running  needles  through  the  cheill 
wall  into  the  base  and  the  apex  of  the  heart-.     Such  needles  act  ii| 
levers  with  a  fulcnyn  in  the  skin,  and  from  the  movement  of  i 
projecting  portion  it  has  been  showTi  that,  while  the  basal 
of  the  heart  moves  downward  during  systole,  the  apex 
more  or  less  stationary'  except  for  the  lateral  moveiBefilii  doe  I 
the  rotation. 
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Cardiogram. — The  upex  beat  may  be  recorded  easily  by 
of  appropriate  tambours.  Several  instniments  have  been 
peeially  devised  for  this  purpose  and  are  designated  as  cardio- 
tipks>  The  cardiograph  described  by  Marey  is  shown  in  Fig*  228. 
consists  essentially  of  a  tainl>our  inclosed  in  a  metal  1)0X.  The 
bber  membrane  of  the  tambour  carries  a  b^itton  which  can  \ye 
)Ught  to  bear,  under  a  suitable  pre^ssure,  upon  the  ajiex  of  the 
irt.  The  movements  of  tliis  button  cause  pressure  changes  in 
f  air  of  the  tambour  which  are  transmitted  through  tubing  to  a 
Drding  tambour  and  recorded  on  a  kymographion,  A  simple 
I  elFective  cardiograph  may  be  made  by  pressing  a  funnel 
inst  the  skin  over  the  apex  and  connecting  the  stem  of  the 
nel  by  tubing  to  a  suitable  recording  tambour*  The  car- 
5;rams  obtained  by  such  methmis  have  been  the  subject  of 
:h  discussion.  The  form  of  the  curve  varies  somewhat  with 
instrument  used,  the  way  in  which  it  is  ai>plied,  the  position  of 
heart  apex  with  reference  to  the  chest  wall,  and  with  the  con- 
}n8  of  the  circulation,  antl  it  is  often  difficidt  to  give  it  a  correct 
rpretation.     An   uncomphcated    form    of    the   cardiogram   ia 


SilL — Two  eardki«piimB  from  the  aame  mdividUBt  to  show  cbanicl«rtstle  rf^corda;  Ot 
BegiAiiinjf  of  ayatol«;  b-e,  Mystolio  p^iatcutu. — (After  Marry.) 


esented  in  Fig,  229,  7,  and  a  curve  more  difficult  to  interpret  in 
229,  8,  It  should  be  borne  in  mind  that  the  cardiograph  curve 
mUv  a  pressiu^e  curv^e  and  partly  a  volume  curve,— that  is,  the 
ages  in  volume  as  well  as  the  changes  in  pressure  of  the  heart 
ing  systole  will  alTect  the  instnmient. 

rbe  Intraventricular  Pressure  During  Systole.— ^The  best 
lyses  of  the  details  of  the  systole  of  the  ventricle  have  been  made 
a  study  of  the  changes  in  pressure  within  the  ventricle.  For 
purpose  a  tube  filled  with  liquid  is  introduced  into  the  cavity  of 
ventricle.  A  tube  used  for  such  a  purpose  is  designated  as  a 
t^Btmnd.  For  the  right  ventricle  it  is  introduced  through  an 
ling  in  the  jugular  vein  and  pushed  down  until  it  hes  in  the 
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ventricle.  For  tiie  left  ventricle  it  i.s  introduced  by  way  of 
carotid  or  sii!3cla%ian  arten"  and  in  this  ease  is  forced  thit5iigbtl 
opening  giianletl  l>y  the  semilunar  valves.  The  sound  is 
connected  to  a  suitable  recording  apparatus  by  rigid  tubing 
with  liquid.  The  clmnges  in  pressure  in  the  ventricle  are  exteoa 
and  ver}^  rapid.  To  register  them  accurately  the  recoi 
ment  miL^t  respond  with  great  promptness  and  at  the 
must  be  free  from  inertia  oiovements.  A  mercur>  manometei, 
instance,  would  be  entirely  useless  for  such  a  purpose,  ance 
heavj^  mass  of  mereur>'  could  not  follow^  accurately  the  quick 
in  pressure.  The  recording  manometer  devised  by  HiirlUe 
485)  seems  to  have  met  the  requirements  more  satisfactorily 
any  other  of  the  numerous  instruments  described.  A  typical 
obtained  by  means  of  the  Iliirthle  manometer  is  given  in  Fig. 
(Consult  also  the  classical  curve  obtained  by  Chauveau  and 
from  the  heart  of  the  horse  [Fig.  220]0  It  ^ill  be  seen  thai 
pressure  in  the  heart  rises  suddenly  with  the  beginning  of  the 
tricular  contraction  and  a  certain  time  elapses  before  this 


FfK.  230.— Hg^mehronoitM  fMord  of  the  icttrnventncular  prcoim  c  fl'X 
^nmure  (jt);  S,  Tlie  time  recotd, — each  vibntticjti    -  ^i,    sec;  0-5^  oorru—. 
DAt«n  in  the  two  curve«;  1  marki  the  op^ninfic  *il  the  wmilufi&r  v&lv«^  3  (on 
mftrkti  th«  clcHiure  of  these  vmlves  and  tlic  bfisinning  of  diastole^^ — iHiiriM^p 

is  Strong  enough  to  open  the  semilunar  valves.  The  moment  d 
this  occurs  {},  on  the  ventricular  curve  in  Fig.  230)  is  detenriis 
by  mmultaneous  measurement  of  the  pressure  in  the  softii 
being  e\ident  that  the  pressure  will  l>egtn  to  rise  in  this  htt 
vessel  the  moment  that  the  valves  open.  It  is  interesting  loft 
that  the  yielding  of  the  valves  to  the  rising  pressure  in  the  ventwi 
Ls  not  indicated  on  the  curve  itself  by  any  variation, — a  fact  wUfl 
indicates  that  the  valves  open  smoothly,  and  are  not  thrown  W 
with  a  sudden  shock.  A  ver>'  characteristic  feature  of  the 
ular  curve  is  its  flat  top,  or  plateau*  as  it  h  caUtxi.     In  domeciii 

*  For  a  discyiwion  of  thi>*  mueh  deljat.<>d  feature,  see  TigeiBtcdt,  '*ShJi 
navischcs  Archiv  f,  PhysiQlope,"  2S,  S7»  1912. 
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the  plateau  slopes  more  or  less  upward,  in  other  eases  downward, 
depending,  doubtless,  on  the  respective  values  of  the  force  of  the 
hwrt  contraction  and  the  aortic  tension,  for  during  the  whole 
time  of  the  plateau  the  semilunar  valves  are  open  and  the  ven- 
hide  is  discharging  a  column  of  blood  into  the  aorta.  The 
iffeient  features  of  the  ventricular  systole  as  gathered  from  these 
imnure  curves  are  expressed  by  Hiirthle*  as  follows: 

L  SvBtoIey  phase  of  contraction  of  the  muscle  fibers  (0  to  3  in  Fi^.  230,  V). 

(a)  Period  of  tension  (0  to  1),  durine  which  the  auriculo-ventncular  and 
semilunar  valves  are  both  closed  and  the  heart  muscle  is  squeezing 
upon  the  contained  blood.  This  period  ends  at  the  opening  of  the 
semilunar  valves. 

Q>)  Period  of  emptying  (1  to  3).     During  this  time  the  heart  is  empty- 
ing Itself  into  the  aorta  and  the  intraventricular  pressure  remains 
above  aortic  pressure.     It  ends  with  the  cessation  of  the  contrac* 
ticm  of  the  muscle  and  the  beginning  of  the  rapid  relaxation. 
X  Diastole,  phase  of  relaxation  and  r»t  of  the  muscle  fibers. 

(a)  PericKl  of  relaxation  from  3  until  the  curve  reaches  a  horizontaL 
At  the  beginning  of  the  relaxation  the  semilunar  valves  are  dosed^ 
and  from  comparison  with  the  aortic  curve  the  instant  of  the  occur* 
renoe  of  this  closure  in  placed  shortly  after  3. 

(fr)  Period  of  filling.  This  period  begins  as  soon  as  the  auriculo-ventric- 
ular  valves  open  and  the  stream  of  blood,  which  had  been  flowing 
into  t])c  [kunde  throughout  the  ventricular  systole,  is  permitted  to 
enter  the  ventride.  During  this  period  of  filling  the  ventricular 
pressure  rises  slightly  as  the  heart  becomes  turgid  with  blood.  This 
mcrease  of  pressure  is  indicated  in  most  cardiograms  by  a  gradual 
rise  of  the  curve  during  this  period.  It  is  shown  in  the  curve  of 
Chauveau  and  Maiy,  given  in  Fig.  220. 

be  Volume  Curve  and  the  Ventricular  Output. — In  the 
animals  the  thorax  may  be  opened  with  suitable  pre- 

Itioas  as  regards  anesthesia  and  artificial  respiration,  and 
heart  may  be  placed  within  a  plethysmograph  (see  p.  594) 

saea.'sure  its  changes  in  volume  during  systole  and  diastole. 

the  whole  heart  is  treated  in  this  way  the  curve  of  volume 
lianges  is  complicated  by  the  fact  that  one  chamber,  the 
mricle,  is  filling,  while  the  other,  the  ventricle,  is  emptying. 
k  more  useful  disposition  of  the  apparatus  is  to  enclose  only 
the  ventricles.  Several  different  forms  of  plethysmograph  have 
been  devised  for  this  purpose,  and  they  are  usually  spoken  of  as 
tardiametera.  The  form  described  by  Henderson  f  is  simple  and 
fiisily  applied  to  the  heart.  Its  structure  and  the  connections 
)f  the  recording  apparatus  are  indicated  in  the  diagram  given 
in  Fig.  231.  The  apparatus  consists  of  a  rubber  ball  or  glass  cham- 
te  with  a  circular  opening  at  one  point.  Over  this  opening  is 
iiaced  a  membrane  of  rubber  dam  with  a  central  opening  through 
rtiieh  the  heart  is  introduced,  as  shown  in  the  diagram.  The  rubber 
lembrane  lies  snugly  in  the  auriculoventricular  groove,  making 
Q   air-tight  joint.    The  interior  of  the  ball  is  connected  by 

*  Hurthle,  "Archiv  f.  d.  gesammte  Physiolope,"  49,  84,  1891. 
t  Henderson,  "American  Journal  of  Physiology,"  16,  325,  1906,  and  23, 
\5,  1909,  contain  also  the  literature. 
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stiff  tubing  with   a  recording   tamlxmr.       By   an  arranpfl^oKl  I 
of  this  kind  the  ventricles  are  kept  within  an  air-chamber  cW 
everj'where    except    at    the    outlet   to   the    recording   Umboiir,  I 
Every  change  in  volume  of  the  ventricles  will  be  recordnl  iwcth 


FijK,  23L-=Dia^ram  to  ftliAW  ihe  arrangetiient  of  tlic  lli-nder>on  ranliamfle>  ^ 
recordinH:  tamtKiur  w  inverted,  so  that  the  «ystoIe  will  give  an  up-*irr»ke  on  iIk  i*'* 
(After  mruhfrider.) 

rately  provided  there  is  no  leak.  Moreover,  these  volume  chui  - 
may  be  given  absolute  values  in  cubic  cent i meters  if  the.i| 
ratus  is  calibrated  beforehand.  The  cardiometer  furmaliesi| 
convenient  method  of  estimating  directly  the  amount  o(  blood | 
entering  and  leaving  the  ventricles  under  varying  conditioQS^I 
as  well  as  the  changes  in  heart- volume  that  may  result  (r^l 
variations  in  tonicity.     When  the  heart  is  beating  singly  tbel 


PiK.  232. — DiAjrram  of  the  normal  volume  curv'e  (plethyimoKimin)  of  th«  «N^ 
when  De&tinK  »t  n  slow  rate  (aft«r  Hir»chftldfr).     Th«  up-<rt,rok»  repregeott  lto»  •J* 
the  dowti'itroke  the  diastole:    4  t^  B  the  period  of  diiuitaaiii  {Hfndenan).     Al  Stbttof^f*^ 
contmctloD  eaUMS  a  ftlight  liddklonAl  dilaUition.  of  the  ventHel«.     t,  2,  and 9  i 
time  of  occurrence  of  the  finit,  necond^  and  third  beartr-«ouDdft  reepectivdbr* 


volume  curve  has  the  form  shown  in  Fig*  232.     Duri^ 
the  ventricles  shrink  in  size  as  the  blood  is  dischargr 
aorta  and  pulmonary  artery — the  up-stroke  of  the  curve.   ^^  \ 
the  end  of  the  systole,  after  the  closure  of  the  semilunar  anA^ 
opening  of  the  auriculoventricular  valves,  the  ventriclei  ^ 
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dilated  rapidly  by  the  inflow  of  venous  blood.     Henderson  has 
emphasiz^  the  fact  that  the  filling  takes  place  nearly  as  rapidly 
as  the  emptying,  owing  doubtless  to  the  fact  that  at  the  end  of 
ventricular  systole  the  auricles  are  dilated  under  some  pressure, 
so  that  their  contents  escape  at  once  into  the  ventricles  as  soon 
as  the  intervening   valves   are   opened.     The   diastolic   curve 
comes  back  nearly  to  the  base  line  and  then  forms  a  shoulder 
(4)  from  which  it  runs  parallel  to  or  approaches  gradually  to 
the  base  line  up  to  the  moment  of  auricular  contraction  (5). 
The  period  of  rest  of  the  filled  or  nearly  filled  ventricles,  which 
on  the  curve  is  shown  from  4  to  5,  is  called  the  period  of  diastasis 
by  Henderson.     The  heart  cycle,  so  far  as  the  ventricles  are 
concerned,   falls,   therefore,  into   three  periods:    1,  Systole;   2, 
diastole;  3,   diastasis.     Variations  in  heart  rate  affect  chiefly 
the  last  period;  this  becomes  shorter  and   shorter    the    more 
rapid  the  rate.     When  the  heart  rate  is  so  rapid  that  the  period 
of  diastasis  drops  out  altogether  and  the  systole  begins  as  soon 
•8  the  diastole  is  complete,  then  we  should  have  the  maximum 
output  of  blood  per  minute.     An  increase  of  rate  beyond  this 
point  would  lead  to  a  curtailment  of  the  period  of  diastole  and 
eventually  to  a  diminished  output  of  blood  per  minute.    Accord- 
ing to  the  account  just   given,  the   filling  of  the  ventricle  is 
practically  completed  before  the  auricles  contract.     Henderson 
believes  that  the  contraction  of  the  auricles  adds  very  little  or 
nothing  to  the  change  of  blood  in  the  ventricles,  but  other  authors, 
'       Rising  the  same  methods,  differ  from   him  in  this  conclusion. 
It  is  at  least  certain  that  the  ventricles  are  for  the  most  part 
filled  before  the  auricular  contraction   comes  on — this  latter 
^t  may  add  a  greater  or  less  amount  to  this  charge,  according 
;       ^  the  extent  to  which  the  inflow  of  venous  blood  during  diastole 
j       J^  filled  the  ventricle.    The  auricular  contraction,  besides  initiat- 
I       pig  the  ventricular  systole,  doubtless  serves,  by  raising  the  tension 
I       ^  the  ventricular  chamber,  to  bring  the  auriculoventricular  valves 
I       ^ore  completely  into  the  position  of  closure.     When  these  valves 
^  deficient,  as  in  mitral  stenosis,  the  contraction  of  the  auricles 
plays  a  larger  part  in  completing  the  filling  of  the  ventricles 
(Hirechf elder).     For  the  cases  in  which  it  can  be  applied,  the 
'Volume  curve  enables  us  to  estimate  the  ventricular  discharge  at 
^h  beat  and  the  outflow  per  minute.     It  was  formerly  assumed 
that  at  each  systole  the  ventricles  emptied  themselves  completely, 
but  work  of  the  kind  described  in  this  paragraph  has  shown,  on  the 
fsontrary,  that  at  the  end  of  systole  a  considerable  proportion  of 
the  blood  may  be  left  in  the  cavity  of  the  ventricle.    The  amount 
thus  left  behind  will  vary  with  the  rate  and  other  conditions. 
According  to  Henderson's  figures  for  the  dog,  about  one-third  or 
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somewhat  less  of  the  ventricular  charge  is  left  in  the  he^rl  Ate 
systole,  when  the  heart  is  beating  at  the  normal  rate  (90) ♦  ftnd  I 
the  quantity  of  blood  diachargeil  from  the  left  ventricle  ai  each 
systole  18  approxiniately  .002  of  the  body  weight.     It  is  eviiieul  | 
that  when  the  aortic  pressure  rises  to  an  abnormal  le\^  ibe 
discharge  of  blood  from   the   left  ventricle  will  be  or  nm  ht 
diminished,  with  the  result  that  the  blood  backs  up  in  the  Wl 
auricle,  thus  raising  the  venous  pressure  in  the  lungs  and  rciafd- 
ing  the  pulmonary  circulation.     On  the  other  hand,  as  Henricr* 
son  has  especially  emphasized,  the  outflow  from  the  ventricli  I 
must  be  influenced  very  directly  by  the  inflow  into  the  auiicle  1 
from  the  veins.    Variations  in  the  size  of  the  blood-vessek.  mrk  \ 
as  dilatation  of  the  small  arteries  or  possibly  loss  of  tone  in  thi  J 
veins,  may  bring  about  a  condition  of  venous  stasis  and  cut  down  i 
the  supply  of  blood  to  the  heart  on  the  venous  side.     Th*o  jjb- 
servers*  w^ho  have  stucJied  liy  indirect  means  the  output  of  blood 
from  the  right  ventricle  in  man  state  that  the  volume  of  blood 
dis(*hiirgcd  may  vary  from  2.8  liters  per  minute  during  rest  to  ^ 
much  as  21.6  liters  during  iimscular  work.     They  conclude  that  I 
this  great  range  of  output  is  governed  by  variations  in  tlie  venotfi  j 
filling  of  the  heart  during  diastole.     At  rest  the  venous  inflow  h  j 
insufficient  to  distend  the  heart  completely,  but  during  muscular] 
work  the  increase  in  venous  pressure  and  velocity  distends  ttaj 
heart,,  during  diastole,  to  it^  maximal  extent. 

The  Heart  Sounds. — An  interesting  and  important  featuitj 
of  the  heart  beat  is  the  occurrence  of  the  heart  sounds.  Tw 
sounds  are  u-sually  described ,  one  at  the  beginning,  the  oth 
at  the  entl,  of  the  ventricular  systole.  The  first  sound  hul 
a  deeper  pitch  and  is  longer  than  the  second,  and  their  relAtivfi 
pitch  and  duration  are  represented  frequently  by  the  s>'llsbkll 
lubb-dup.  According  to  Haycraft,t  both  tones,  from  a  musical] 
standpoint,  fall  in  the  bass  clef,  anil  are  separated  by  a  miM^j 
cat  interval  of  a  minor  third.  The  sounds  are  reftdil/j 
heard  by  applying  the  ear  to  the  thorax  over  the  heart,  but  f«f] 
diagnostic  purposes  the  stethoscope  is  usually  employed,  aadj 
this  method  of  investigation  by  hearing  is  designated  as  av 
The  importance  of  these  heart  sounds  in  diagnosis  was  fiist 
phasized  by  Laeonec  (1819),  and  since  his  time  a  great  numb«^( 
theories  have  been  prriposed  to  exjilain  their  causation.  Id 
the  subject  is  not  yet  closed,  altliougii  certain  general  views  : 
ing  their  cause  and  the  time  of  their  occurrence  are  gen 
accepted.    The  second  sound  is  found  to  follow  immediately ' 


1912. 


'  Krpgh  and  Limlhani,  "Skfirnlimivii*ch«."«  Arrbiv  f,  Phyaiologie/*  27» 


t  ** Journal  of  Physiology/'  11.  4Sti,  Ism 
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!  closure  of  the  semilunar  valves.  The  usual  view,  therefore,  is 
X  the  sound  is  due  ultimately  to  the  vibrations  set  up  m  these 
ves  by  their  sudden  closure.  These  vibrations  are  transmitted 
the  cdumn  of  blood  in  the  aorta  (or  pulmonary  artery)  and  then 
the  intervening  tissue  of  the  chest  wall.  This  view  is  made 
ibable  by  a  niunber  of  experimental  results,  some  of  the  most 
xurtant  of  which  were  brought  out  by  Williams  in  a  report  (1836) 
a  committee  appointed  by  the  British  Association  for  the 
dal  purpose  of  investigating  the  subject.  It  has  been  shown: 
That  the  second  sound  disappears  before  the  first  sound  when 
animal  is  bled  to  death,  and  indeed  as  soon  as  the  heart  ceases 
lirow  out  a  supply  of  blood  sufficient  to  maintain  aortic  tension, 
lisappears  also  when  cuts  are  made  in  the  ventricles  so  that  the 
yd  may  escape  otherwise  than  through  the  arteries.  (2)  When 
valves  of  the  pulmonary  artery  and  aorta  are  hooked  back  in  the 
Dg  animal  the  second  sound  is  replaced  by  a  murmiu*  due  to  the 
liing  back  of  the  blood  into  the  ventricle,  and  if  the  valves  are 
pped  back  into  place  the  normal  second  soimd  is  again  heard. 
Similar  soimds  may  be  produced  if  the  root  of  the  aorta  with  its 
res  in  place  is  excised  and  attached  to  a  glass  tube  carrying  a 
imn  of  water.  With  such  an  arrangement,  if  the  valves  are  held 
n  for  a  moment  and  then  closed  sharply  by  the  pressure  of  the 
mm  of  water  a  soimd  similar  to  that  of  the  second  heart  sound 
leard. 

The  physician  uses  this  view  of  the  cause  of  the  second  sound  in 
cultation,  and  it  is  evident  that  the  nature  of  the  sound  or  its 
lacement  by  murmiirs  will  give  useful  testimony  regarding  the 
dition  of  the  semilunar  valves.  The  first  heart  sound  has  of* 
d  more  difficulty.  It  occurs  at  or  shortly  before  the  closure  of  the 
culo- ventricular  valves,  and  it  would  seem  natural,  therefore,  to 
ibute  it  to  the  vibration  of  these  valves  when  suddenly  put  under 
rion  by  the  ventricular  systole.  Most  authors,  indeed,  believe 
t  this  factor  is  at  least  partially  responsible  for  the  sound, — 
t  is,  that  the  sound  contains  a  valvular  element.  But  that  this 
ot  the  sole  cause  is  shown  by  the  fact  that  the  bloodless  beating 
ft  still  gives  a  soimd  at  the  time  of  the  ventricular  systole. 
eed,  if  the  apex  of  the  rabbit's  heart  is  cut  off,  it  continues 
leat  for  a  few  minutes  and  during  this  time  gives  a  first  heart 
id.  It  is  usually  said,  therefore,  that  the  first  heart  sound  is 
)ed  by  the  combination  of  at  least  two  factors, — ^a  valvular 
lent  due  to  the  vibration  of  the  auriculo-ventrieular  valves,  and 
uscular  element  due  to  the  vibration  of  the  contracting  muscular 
8.  Accepting  this  view,  there  is  a  further  difficulty  in  explain- 
the  origin  of  the  muscular  element.  According  to  some,  it  is 
to  the  fact  that  the  contraction  of  the  muscle  fibers  is  not 
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simultanroiis  throughout  the  ventricle  and  the  friction  of  th^'ffitff* I 
lacing  fibers  sets  up  vibration  in  the  muscular  mass ;  acr oniin^  w 
others,  the  so-called  muscular  element  is  mainly  a  resoniu 
the  ear  membrane  of  the  auscnltator,— the  shock  of  the  - 
heart  sets  the  t}Tnpamc  membmne  to  vibrating.  It  seems  uwaij 
to  attempt  a  detailed  discussion  of  these  conflicting  viewe,  anccMl 
convincing  statements  can  be  made.  Practicaliy,  the  time  at  whirii  1 
the  heart  sounds  occur  is  of  great  importance.  A  number  i\ 
obiervers  have  recorded  the  time  upon  a  cardio^raphic  tmringof] 


Tig.   2^i^ — ^To  phow  the  time  relation  of  the  heart  sounda  to  the  vtotnrflkf  t 
rey):   VM.,  TraciriK  of  the  ventricular  prcMsyre  in  the  right  veDtricle  of  th«  luit^ 


(MareiTt  ,  _         , 

Idw  the  two  matks  j^how,  re«t>ertive!y,  the  iiixie  of  the  firiBt  and  secKiiid  mnxd<^ 
occurs  Lnnmecliatdy  uiter  ttu;  beKiEmlug  of  systole,  the  ^seeond  immediataly  altvl 
omg,  of  diiu^tole. 


mi 


the  heart  beat  with  results  such  as  are  shown  in  Fig,  233. 
figure  shows  clearly  the  general  fact  that  the  first  sound  is 
ver>'^  shortly  after  the  teginning  of  6>*stole  and  the  second  ' 
immediately  after  the  end  of  systole.    The  first  sound  is  i 
s^'stolie,  and  the  secon<l  sound  diastolic,    A  more  exact 
tailed  stutly  of  the  time  relations  of  the  heart  sounds  has  been  I 
by  Einthoven  and  (ieluk.*    These  authors  obtained  graphic  i 
of  the  heart  sounds.    The  sounds  received  first  by  a  mic 
were  transmitted  to  a  capillanr^  electrometer  and  the  move 
of  the  latter  were  photographed.     As  one  result  of  their  work  I 
give  the  schema  shown  in  Mg,  234.     It  will  lie  seen  from  this  ! 
that  the  first  sound  begins  about  0.01  sec*  before  the 
shows  the  commencement  of  systole,  and  that  for  the  first  ( 
the  sound  is  heard  only  over  the  apex  of  the  heart  (a-6), 
base  of  the  heart  (second  intercostal  sjmce)  the  first  sound  is  1 
{b  to  c-d)  just  at  the  time  when  the  semihmar  valves  are 
(6'), — that  is  J  at  the  beginning  of  the  period  of  emptying  . 
to  the  classification  given  on  p.  539.     The  first  sound  ceases  I 
l>efore  the  ventricular  contraction   itself  is  ov'er, — a  fact 
would  seem  to  indicate  that  the  muscular  element  in  the  firsts 
is  not  a  muscular  sound,  such  as  is  given  out  by  a 

♦Einthoven  ufi<l  Geluk,  "Arc hi v  T  (1.  gesanuntc  Phvsialofie,*' STJ 
1894.     Einthoven,  i^i^.,  1907,  vol  117.     Fahr,  **Heari/'  4,  147,  WIX 
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letal  muscle.  The  beginning  of  the  second  sound  seems  to  mark 
/ctly  the  time  of  closure  of  the  semilunar  valves.  The  character 
I  the  time  relations  of  the  murmurs  that  accompany  or  replace 
heart  sounds  form  the  interesting  practical  continuation  of  this 
me;  but  the  subject  is  so  large  that  the  student  must  be  referred 
this  information  to  the  works  upon  clinical  methods. 
The  Third  Heart  Sound. — Several  observers*  have  called 
Bntion  to  the  fact  that  in  certain  individuals  a  third  heart 


fig.  284/  Bohematic  repreeentation  of  the  relation  of  the  heart  sounds  to  the  ventrio- 
beat:  C,  The  eardioBram;  1,  to  show  the  duration  of  the  firait  heart  sound;  2,  the 
ion  of  the  eeoood  heart  sound;  8,  the  time  record,  each  division  corresponding  to 
Be.  In  1.  o-a'  marics  the  instant  that  the  first  heart  sound  is  heard  over  the  apex. 
^  the  momeDt  that  it  is  heard  at  the  second  intercostal  space. — {Einthaven  ana 

ad  may  be  heard  very  shortly  (0.13  sec.)  after  the  beginning 
the  second  sound.  Thayer  describes  this  sound  as  being 
fter  and  of  lower  pitch''  than  the  second  sound,  and  in  some 
i8  as  resembling  rather  a  dull  thud  or  hum.  In  those  persons 
rhom  it  can  be  detected  it  is  heard  most  distinctly  over  the 
K  of  the  heart.  Einthoven  has  shown  the  existence  of  this 
id  by  objective  methods.  By  means  of  a  microphone 
4;hment  the  heart  sounds  can  be  transmitted  to  the  string- 
manometer,  in  which  they  cause  deflections  of  the  string  that 

be  photographed.  In  this  way  he  has  obtained  records  of 
third  sound  upon  individuals  in  whom  the  stethoscope  failed 
reveal  its  existence.  The  cause  of  this  sound  has  been 
tained  differently  by  the  several  authors  who  have  inves- 
ted. It  occurs  early  in  the  diastole,  and  Einthoven  suggests 
.  it  is  due  to  an  after-vibration  of  the  semilunar  valves. 
yer  and  Gibson  suggest  the  more  probable  explanation  that 

due  to  a  vibration  of  the  auriculoventricular  valves  which 
»t  up  by  the  sudden  inrush  of  blood  from  the  auricles 
he  beginning  of  diastole.  This  inflow  of  venous  blood 
tnds  the  ventricle  sharply  and  throws  the  valves  into  a 
ion  of  closure  with  some  suddenness.    The  sound  occurs 

Tbayer,  "Boston  Med.  and  Surg.  Journal,"  158,  713,  1908;  Einthoven, 
liv  f.  d.  ges.  Physiol.,"  120,  31,  1907;  Gibson,  "lancet,"  1907,  II,  1380. 
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at  about  the  time  of  the  shoulder  on  the  diastolic  limb  oi  iDt 
voknne  curve,  a^  is  indicated  in  the  diagram  in  Fig.  23i 

The  Events  that  Occur  During  a  Single  Cardiac  Cycfe- 
By  a  complete  cardiac  cycle  h  meant  the  time  from  any  p^^rf 
feature  of  the  heart  beat  until  that  feature  is  again  pmrl\ir<»L 
It  may  l>e  helpful  to  summarize  the  events  in  such  a  cycle,  boli 
as  regards  the  heiut  and  an  regards  the  blood  contained  in  it 
We  may  begin  with  the  closure  of  the  semilunar  vaives.  A? 
that  moment  the  second  heart  sound  is  heard  and  M  ii»4* 
moment  the  ventricle  is  quickly  relaxing  from  its  previoai 
contraction,  Since  the  auriculoventrieular  valves  &re  -tiil 
closed  (see  diagram,  Fig.  219),  the  ventricles  for  a  lirief  inter*] 
are  shut  off  on  both  sides.  The  bloocl  is  flowing  steiulil}  in^^^ 
the  auricles  and  dilating  them*  As  soon  as  the  ventriclei*  rthx 
the  pressure  of  blood  in  the  auricles  opens  the  auriculi^tr 
tricular  valves,  and  from  that  moment  until  the  beginning 
the  auricular  systole  the  blood  from  the  large  veins  is 
both  ventricles  and  auricles.  As  stated  on  p.  541,  the  v 
blood  which  has  been  accumulating  in  the  auricles  during 
ventricular  systole  flows  into  the  ventricles  with  some  s\iddt 
ness  on  the  (jpening  of  the  auriculoventrieular  valves, 
ventricles,  therefore,  dilate  rapidly  and  the  auriculoventricul 
valves  arc  floated  into  a  position  ready  for  closure.  This  fi 
occurs  at  about  the  time  that  the  third  heart  sound  is  h< 
In  a  slowly  beating  heart  there  may  be  quite  an  interval  f] 
of  diiistasis)  between  this  point  and  the  auricular  eonti 
The  auricular  sj^stole  sends  a  sudden  w^ave  of  blood 
ventricles,  tlilating  them  still  further  and  momentarily  bl( 
or  retarding  the  flow  from  the  large  veins,  and  causing  oo»^ 
the  waves  seen  in  the  normal  venous  pulse  as  recorded  h 
jugular  veins.  The  ventricular  systole  follows  at  once 
the  auricular  systole,  the  exact  relations  in  this  ease 
ing  somewhat  upon  the  pulse  rate.  As  the  ventricle 
into  contraction  the  aurieulo-ventricular  valves  are  tightly 
the  first  sound  is  heard,  and  for  a  short  interval  the  venH 
cavity  is  again  shut  off  on  both  sides.  Soon  the  rising  pi 
the  interior  forces  open  the  semilunar  valves,  and  then  a 
of  blood  is  discharged  into  the  aorta  and  pulmonary-  artery  *il 
as  the  contraction  lasts.  During  this  interval  the  flow  at 
venous  end  of  the  heart  continues,  the  blood  being  received 
the  yielding  auricles.  Indeed,  this  capacity  for  receiviag  I 
venous  inflow  during  the  comparatively  long-lasting  xmi 
sn^^stole  may  be  considereil  as  one  valuable  mechanical 
fu  Hi  lied  by  the  auricles.  The  venous  (low  is  never 
blockeil  and  at  the  most  suffers  ordy  a  slight  ret-ardatton 
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ery  brief  auricular  systole.  At  the  end  of  the  ventricular  sys- 
be  excess  of  pressure  in  the  aorta  and  the  pulmonary  artery 
{ the  semilunar  valves  and  completes  the  cycle. 
tme  Relations  of  Systole  and  Diastole.— The  duration  of  the 
ate  phases  of  the  heart  beat  depends  naturally  on  the  rate 
It.  Assuming  a  low  pulse  rate  of  70  per  minute,  the  average 
ion  of  the  different  phases  may  be  estimated  as  follows: 

Ventricular  ff;ptole =  0.379  sec. 

Ventricular  cuastole  and  pause =  0.483    " 

Auricular  systole =0.1      to  0.17      " 

Auriciilar  c&astole  and  pause =  0.762  to  0.692    " 

nthoven  and  Geluk,  in  the  investigation  referred  to  above, 
ired  the  time  intervals  of  systole  and  diastole  during  fifteen 
periods  of  a  healthy  man,  and  found  that  the  time  for  the 
icular  systole  varied  between  0.312  and  0.346  sec,  while  that 
le  diastole  varied  from  0.385  to  0.518  sec.  Experiments  by 
nber  of  observers  indicate  that  in  the  great  changes  of  rate 
I  ibe  heart  may  undergo  under  normal  conditions  the  diastolic 
J  (period  of  diastasis)  is  affected  relatively  much  more  than 
ystolic,  as  we  should  expect. 

tie  Nonnal  Capacity  of  the  Ventricles  and  the  Work  Done 
le  Heart. — Various  efforts  have  been  made  to  measure 
Lormal  capacity  of  the  ventricles  in  man,  but  the  deter- 
tion  has  encountered  many  diflSculties.  Experiments  and 
vations  made  upon  the  excised  heart  are  of  little  value,  since 
listensible  walls  of  the  ventricles  yield  readily  to  pressure, 
1 18  difficult  or  impossible  to  imitate  exactly  the  conditions 
essure  that  prevail  during  life.  Nor  is  it  certain  whether 
ally  the  ventricles  empty  themselves  completely  during 
le;  in  fact,  the  evidence  from  experiments  on  the  lower 
als  indicates  that,  contrary  to  the  opinion  which  for- 
r  prevailed,  the  ventricles  throw  out  only  a  portion  of  their 
I  at  each  beat.  The  older  observers  (Volkmann,  Vierordt) 
ipted  to  arrive  at  a  determination  of  the  normal  output 
ifi  ventricles  by  calculations  based  upon  the  velocity  of 
lood  in  the  carotid  and  the  width  of  the  stream  bed.  from 
Tations  on  many  animals  they  arrived  at  the  general- 
in  that  at  each  systole  the  amount  of  blood  ejected 
the  ventricles  is  equal  to  about  xhs  of  the  body  weight.  For 
Q  weighing,  say,  72  kilograms  (158  lbs.)  this  ratio  would  give 
itput  for  each  systole  of  180  gms.  (6  ozs.).  More  recent 
vers,  however,  have  found  this  estimate  too  high.  Howell 
Xmaldson^  measured  the  output  directly  for  the  heart  of  the 
tiaking  use  of  a  heart  isolated  from  the  body  and  kept  beating 

lowell  and  Donaldson,  "Philosophical  Transactions,"  Royal  Soc.,  Lon- 
»4. 
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by  an  artificial  circulation.    The  ratio  of  the  output  varied  with  ti>» 
rate  of  beat;   for  a  rate  of  180  beats  per  minute  it  wasquilto 
0,00117  (^)  of  the  body  weight;  for  a  rate  of  120  beats  permifl^ 
it  was  equal  to  0-0014  (tJtt),    This  ratio  is  therefore  alxjut  o«e-M^ 
of  that  proposed  by  Volkmann.     Tigerstedt,  from  ol*8enJiti«i 
upon  rabbits,  obtained  a  lower  ratio  still  (0,00042);  but  from  hi 
own  results  and  those  obtained  by  other  workers  he  concliidtf*, 
that  an  a%^erage  valuation  for  the  volume  of  blood  disci 
each  ventricle  of  the  human  heart  is  from  50  to  100  c.c. 
basis  one  may  make  an  approximate  estimate  of  the  work 
at  each  beat.     Using  Tigerstedt's  figures,  such  results  as  the  foOof^ 
ing  are  obtained:   On  the  left  side  the  heart  empties  its  100 CA 
against  a  pressure  of  150  mms.  Hg,  (0.150  meter)  and  on  Uie  li^ 
side  against  a  pressure  of,  say,  60  mms.  Hg.  (0.06  meter).  T^ 
work  done  is  calculated  from  the  formula  w^pr^  in  which  pI^pt^ 
sents  the  weight  of  the  mass  tlirown  out  and  r  the  n 
mean  aortic  pressiu-e.     This  latter  factor  must  be  niL 
13,6,  the  density  of  mercury,  to  reduce  to  a  column  of  biooi 

Leit   ventricle,  100  gim.  X  (0.150  X  13.6)  =  204.0  gmmm^befsi 
Right        "         100    "     X  (0.06    X  13.6)  ^    81,6 

2S5.6  gmmmalen. 

To  this  must  be  addetl  the  energ>^  represented  by  the  veWtf 
of  the  mass  ejeeted  into  the  aorta.     Placing  this  veJix^ity  at  3W 
mms.  (0.5  meter)  for  both  aorta  and  pulmonar)^  arten%  Ihe 
represented  in  mechanical  work  is  estimated  from  the  foraiuh 
in  which  p  represents  the  weight  of  the  mass  moved^  v  the 

of  its  movement,  and  g  the  accelerating  force  of  gravity,    A 

inn  ^  o  f^ 
this  formula  we  have  for  each  ventricle  '2  x  oTs^ '^  ^  *^^ 
or  for  both  ventricles  2,56  grammeters,  making  a  total  of  over 
grammeters  of  work.    That  is,  the  mechanical  work  done  M 
contraction  of  the  heart  is  equal  to  that  necessary  to  raise  288 
a  meter  in  height.     The  calculations  made  by  liflferent  auLhUj 
to  the  amount  of  blood  disclmrged  from  each  ventricle 
systole  may  be  tabulated  as  follows: 

ThortiiLs  Young 45  gms, 

Volkmann  _ 188  '*     for  weight  of  72  kgM. 

Vierordt. 180  '                '•       •*   "      *- 

Fick..... 50-73 

Howell  aiid  Donaldaon ......  75-90  **      *'        **       •*  65     * 

Hoon^'eg. ....,, 47  ** 

Zmiit.: 60  '* 

Tigersteilt........ 60-100  ** 

Plumier, 70  " 

Loewy  and  v%  Sehrdtter  55  "      "        "          60-455  \^ 

Krogh  and  Lindhani 39-103  •* 

•  Tigers* edt,  **Lehrhuch  tier  Phyj?j<*k>gie  dea  KreislaufeSy'*  p.  152.  IW 
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The  Coronary  CircuIatioQ   during  tlie   Heart  Beat.— The 

^Uon  of  the  blood-flow  in  the  coronar>^  vessels  during  the  phases 
the  heart  beat  has  been  the  subject  of  much  s|:>eculation  and 
pcriment,  since  it  has  entered  as  a  factor  in  the  discussion  of 
^^  mechanical  and  nutritive  problems  that  are  connected  with 
& pbvsiology  of  the  heart.  According  to  a  view  iisuall\^  attriljuted 
Theljesius  (170S),  the  flaps  of  the  semilunar  x^alves  are  thrown 
ct  during  systole  and  shut  off  the  coronar>'  circulation,  and 
Spefore  the  coronary'  vessels,  unlike  those  of  other  organs j  are 
^  during  diastole.  In  modem  times  this  \'iew  has  been  revived 
Briicke,  who  made  it  a  part  of  his  theory  of  the  **  self-regulation  " 
the  heart  beat.  According  to  this  view,  the  corooaries  are  shut 
from  the  aorta  during  systole  by  the  flaps  of  the  semilunar  valves, 
that  the  contmction  of  the  ventricle  is  noi  opposed  by  the 
tended  arteries,  while,  on  the  other  hand,  the  reinjection  of  these 
sels  from  the  aorta  during  diastole  aids  in  the  dilatation  of  the 
tricular  cavities.  Experimental  work  has  shown  decisively  that 
part  of  this  theor\^  relating  to  the  closure  of  the  coronary  arteries 
ihfi  semilunar  valves  is  incorrect.*  Records  of  pressure  changes 
he  coronary  arteries  during  the  heart  beat  made  by  Martin  and 
gwick  and  by  Porter  show  that  they  are  substantially  identical 


Rb.  235, — 8baDiilt&n«oiis  record  of  the  blocxi -pressure  {A\  and  the  blfw>d* velocity  (B) 
e  otvmnary  Eirt4»ri«fl  (Chauvtau  and  Rehatel):  a,  MarkjBi  the  t>eipnnlng  of  the  avatole 
B  i«  r.  -  -  --  — -  'rnp  nnd  in  velocity);  ft>,  marks  a  second  rise  of  pressure  C*4)  due  to 
\(k^i.  ry  capillarie!*  by  the  crmtractini?:  vent  ride  (at  this  moTreiit  in    B 

iirp  lly);  <*,  cun.'e  (J^>  ;*hriw«  an  increa.-ie  in  velocity  du«  to  the  o{*ea- 

f  liifr    ijiju  L. u.ri.  M>  ve.swb  at  the  begiri<niiig  of  diastole. 


I  those  in  the  carotid  or  aorta,  and  records  of  the  velocity  of  the 
kd'flow  made  by  Rebatel  show  that  at  tlie  Ijeginning  of  systole 
flow  in  the  coronaries  sulTers  a  sudden  systolic  acceleration  as  in 
case  of  other  arteries.  During  systole,  therefore,  the  mouths  of 
coronary  arteries  are  in  free  communication  with  the  aorta. 
the  coronar}^  system — arterieSp  capillaries,  and  veins — ^is  in 
Jmbedded  in  the  musculature  of  the  ventricles,  and  we  should 

Ke  Porter,  "  American  Joumal  of  Physiology,"  1,  145,  1898,  lor  dia- 
HftDd  literature. 
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suppose  that  the  great  pressure  exerted  by  the  contractiiig  mti 
lature  would  at  the  height  of  systole  clamp  off  this  system  and ^ 
the  coronarv'  rirculation.  That  tliis  result  really  happens  is  I 
dicated  by  Rebatel's  cur\'es  of  the  velocity  of  the  flow  in  thei 
nary  arteries.  As  shown  in  Fig.  235,  the  great  acceleration  (( 
velocity  at  the  beginning  of  systole  is  quickly  followed  by  a  d«i 
zero  (b)  or  even  a  negative  value,— that  is,  a  flow  in  the  other  J 
tion,  toward  the  aorta.  At  the  end  of  the  first  (relaxation^  ^ 
of  diastole  there  is  again  a  sudden  increase  in  velocity  (cj,  d 
sponding  with  the  injection  of  the  arteries  from  the  aorta.  foll( 
again  by  a  decrease  at  the  end  of  the  diastole  at  the  time  wbd 
ventricular  cavity  is  filled  with  venous  blood  un<ler  some  pa 
Porter,  moreover,  has  shown  in  an  int4?resting  series  of  experiflj 
that  when  a  piece  of  the  ventricle  is  kept  beating,  by  suppUi 
with  blood  through  it-s  nutrient  arterj^  from  a  reservoir  all 
stant  pressure,  each  s>'Stole  causes  a  jet  of  blood  from  thi 
ered  vessels  at  the  margin  of  the  piece.  In  fact,  the  rh>tM 
squee7.e  of  its  own  vessels  during  systole  accelerates  effectivcJj 
coronary  circulation.  The  volume  of  blocKJ  flowing  through 
heart  vessels  increases  with  the  frequency  or  the  force  of  the  1 
since  each  systole  empties  the  coronary  system  more  or  lea  | 
pletely  toward  the  venoiLs  side  and  at  each  diastole  the  disttsj 
aorta  quickly  fills  the  empty  vessels. 

The  Suction-pump  Action  of  the  Heart. — So  far  in  < 
sidering  the  mechanics  of  the  circulation  attention  has  been  dN 
only  to  the  force-pump  action  of  the  heart.  All  of  the  energy  d 
circidation,  the  velocity  of  the  flow  and  the  internal  pressuiei 
been  referred  to  the  force  of  contraction  of  the  ventricle?  ai 
main  cause,  and  to  certain  accessory  factors,  such  as  the  ^^^spM 
movements  and  the  contractions  of  the  skeletal  muscles,  as  su| 
iary  causes.  It  m  possible,  however^  that  the  heart  may  ^\90^ 
a  suction-pump,  sucking  in  blood  from  the  venous  side  in  cd 
quencc  of  an  active  dilatation.  According  to  this  view,  the  I 
works  after  the  manner  of  a  syringe  bulb,  which  when  sfM 
forces  out  liquid  from  one  end  ami  when  relaxed  sucks  itkl 
the  other  in  consequence  of  its  elastic  dilatation.  While  this  j 
has  long  been  entertained,  modern  interest  in  it  was  aroused cl 
perhaps  by  the  exjjeriment^  of  Goltz  and  Gaule,  which  showed! 
at  some  point  in  the  heart  beat  there  is  or  may  be  a  strong  mgl 
pressure  in  the  interior  of  the  ventricles,*  Their  method  rood 
in  connecting  a  manometer  with  the  interior  of  the  ventricll 
interposing  between  the  two  a  valve  that  o|x*ned  only  towmi 
heart.    The   nianometer  was   thus  converted    into   a  nunl 

*  For  a  complete  di;<eiJ*sion  of  this  subject  and  the  litemttire  ■«* 
tide  by  IChMe'm,  ''  Die  Diastole  des  Herzens,"  in  the  **  Ersebiiiaae te 
oiogie,*'  vol.  iii,  part  ir,  1904. 
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manometer,  which  registered  the  lowest  pressure  reached  during 
the  period  of  observation.    By  this  method  they  and  others  have 
Aown  that  in  an  animal  (dog)  with  an  opened  thorax  the  pressure 
in  the  interior  of  the  ventricles  may  be  negative  to  an  extent  equal 
to  20,  30,  or  even  50  mms.  of  mercury.    Moreover,  by  the  use  of 
nme  form  of  elastic  manometer,  such  as  the  Hiirthle  instrument 
(p.  485),  it  has  been  shown  that  this  negative  pressing  occurs  at  the 
eod  of  the  period  of  relaxation,  at  the  time,  therefore,  at  which  it 
millet  be  supposed  to  exert  a  marked  influence  upon  the  inflow  of 
venous  blood.    It  should  be  added,  however,  that  a  negative 
ppessiue  can  not  be  shown  for  every  heart  beat.    It  may  be  absent 
altogether  or  slight  in  amoimt,  varying,  no  doubt,  with  the  force  of 
eoDtraction  and  the  condition  of  the  heart.    Physiologists  have 
attempted  to  determine  the  cause  of  this  negative  pressure  and  the 
extent  of  its  influence  on  the  blood-flow.    With  regard  to  the  first 
question,  so  many  answers  have  been  proposed  that  it  is  diflicult 
to  arrive  at  a  satisfactory  opinion.    According  to  some,  the  heart 
tends  to  dilate  at  the  end  of  its  systole  by  virtue  of  its  own  elasticity, 
.     — tiiat  is,  the  elasticity  of  its  own  musculature  or  of  the  connective 
^     tisBue  contained  in  its  substance,    for  example,  beneath  the  en- 
t    doeardium,  in  the  walls  of  the  arteries,  etc.    This  view,  however, 
I     finds  little  or  no  support  from  direct  experiments  made  upon  the 
fresh,  living  heart.     If  such  a  heart  in  a  bloodless  condition  is 
I     aiiueezed  by  hand  there  is  no  evidence  of  an  elastic  recoil  as  in  the 
i     case  of  a  syringe  bulb.    Others  have  explained  the  negative  pressure 
ti  due  not  to  a  simple  elastic  expansion,  but  to  what  may  be 
called  a  physiological  expansion, — that  is,  an  expansion  due  to 
physiological  processes,  such  as  anabolic  changes.    Such  a  view, 
however,  is  at  present  more  or  less  speculative  and  can  not  be  con- 
dusively  demonstrated.     Still  others  have  traced  the  expansion  of 
I    the  ventricle  and  the  resulting  negative  pressure  to  the  sudden  in- 
^     jection  of  the  coronar>'  system  from  the  aorta  at  the  beginning  of 
\     diastole.    The  heart  in  contracting  exerts  a  force  greater  than  that 
f    of  the  blood  in  the  coronary  vessels,  and  probably,  therefore,  these 
^^easels  are  emptied  and  their  cavities  obliterated  in  part.    At  the 
Ixiginning  of  diastole  they  are  reinjected  with  blood  under  a  pressure 
\     tf  perhaps  100  mms.  of  mercury,  and  this  fact  seems  to  offer  a 
■     Jrobable  explanation  for  a  partial  dilatation  of  the  ventricular  cavity 
•nd  a  production  of  negative  pressure  in  the  brief  interval  before  the 
opening  of  the  auriculo-ventricular  valves.     No  view,  however,  has 
met  with  general  acceptance,  and  the  cause  or  causes  that  produce  the 
active  intraventricular  pressure  are  still  a  subject  for  investiga- 
tion.   Hoarding  the  second  question  proposed  above, — namely, 
the  extent  of  the  influence  of  this  negative  pressure  on  the  flow 
of  venous  blood  to  the  ventricles, — much  diversity  of  opinion  also 
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exists*     Direct  experiments  made  by  Martin   and  Donaldson' ' 
indicate  that  this  factor  has  little  or  no  actual  influence  upon  tb 
venous  flow.     These  authors  u&ed  an  isolated  dog's  heart  kepi 
beating  by  an  artificial  supply  of  blood.     At  a  given  momejit  the 
stream  of  blooil  into  the  vena  cava  was  shut  off  and  the  aiiricfe  d  J 
the  heart  was  brought  into  cominunication  with  a  U  tuV*e  filled  I 
with  blood.     It  was  found  that  the  auricle  took  blood  from  this  I 
tube  only  so  long  as  the  pressure  in  it  was  positive,     AlthougK  liil 
heart  continued  to  beat  \dgorously,  whatever  negative  pressure  n» 
present  in  the  ventricle  was  unable  to  suck  any   blood  into  the } 
auricle  from  the  U  tul>e.     Porter  t  also  has  shown  that  at  the  liml 
of  a  strong  negative  pressure  in  the  ventricle  the  auricle  mar  pn\ 
little  or  no  evidence  of  a  similar  fall  in  pressure.     It  would  i 
most  probable*  therefore,  that  the  negative  pressure  observed  uiijff I 
certain  conditions  in  the  ventricles  is  a  fleeting  phenomenon.  %d\ 
disappears  with  the  entrance  of  the  first  portion  of  the  bloodfroiij 
the  auricles.     While  it  may  be  of  value  in  accelerating  the  op 
of  the  auriculo- ventricular  valves,  it-s  influence  does  not  extend  tort  I 
actual  suction  of  the  blood  from  the  veins  toward  the  h«tft| 
Other  authors,  however,  on  theoretical  ground.^  attribute 
actual  importance  to  the  negative  pressure  as  a  factor  in  morinij 
the  blood.     In  one  respect  it  would  seem  that  the  contraction* « 
the  ventricle  must  exert  a  direct  influence  in  accelerating  the  i»*l 
flow  of  venous  blood  into  the  heart.     In  the  paragraph  uponti*J 
venous  pulse  {p.  520)  it  will  be  recalled   that    the  steep  fall  ( 
prc!ssiire  in  the  auricles  immediately  after  the  c  wave  is  attributa 
mainly  to  the  fact  that  the  contracting  ventricles  pull  the  flow  oft 
auricles  downward  toward  the  apex  as  the  blood  is  dl^cha 
from  the  ventricular  cavities  into  the  aorta  and  pulmonarj'  iirt«ifJ 
This  action  for  a  brief  period  must  exert  a  suction  effect  in  dni 
blood  from  the  veins  into  the  auricles. 

Occlusion  of   the  Coronary  Vessels.— The   coronary  \*« 
supply  the  tissues  of  the  heart  with  nutrition,  including  oxTfeiw| 
so  that  if  the  circulation  is  intemipted  the  normal  contractions  f 
cease.    The  branches  of  the  large  coronaries  form  what  are  kno 
as  temiinal  arteries, — that  is,  each  supplies  a  separate  region  of  t 
musculature,  and  although  anastomoses  may  exist  they  ap 
to  be  too  incomplete  to  allow  a  collateral  circulation  to  be  < 
lished  when  one  of  the  maui  arteries  is  occluded.     The  portico  i 
the  heart  supplied  by  it  dies,  or  to  use  the  pathological  term*  i 
goes  necrosis.     On  account  of  the  pathological  interests  invoh 

*  Martin  and  Donaldson^  '* Studies  from  the  Biological  Laboratory, 
Hopkins  University,*'  4,  37,  1887;  also  Martin *s  "  Physiol oiririil  fi 
Baltimore,  1895.  See  also,  for  confirniatorv"  result*,  von  den  Vdijezk  ' 
Bchrift  f.  exp.  PathoL  u.  Therapie,  1906,  iii.',  432. 

t^^Joumal  of  rhysioiogj'/^  13,  513,  1892. 
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le  known  serious  results  that  may  follow  occlusion  of  any  of  the  coro- 
aiy  vessels  or  even  any  interference  with  the  normal  structure  of  the 
QBBds — ^a  number  of  investigations  have  been  made  upon  animals 

0  determine  the  effect  of  occluding  one  or  more  of  the  coronary 
tflBels*    It  would  seem  from  Porter's  experiments  that  the  results 

1  such  an  operation  vary  according  to  the  size  of  the  area  deprived 
I  its  blood.  When  the  arteria  septi  alone  was  occluded  the  heart 
VB8  not  affected,  when  the  arteria  coronaria  dextra  was  occluded 
he  ventricular  contractions  were  arrested  in  18  per  cent,  of  the 
MB  observed.  Occlusion  of  the  ramus  descendens  of  the  left 
oronaiy  artery  caused  arrest  of  the  ventricles  in  50  per  cent,  of  the 
MB,  while  occlusion  of  the  circumflex  branch  of  the  same  artery 
•uaed  arrest  in  80  per  cent,  of  the  cases.  Ligation  of  three  of  the 
fteries  caused  stoppage  of  the  heart  in  all  cases. 

Fibrillar  Contractions. — ^The  arrest  of  the  ventricles  in  the 
xperiments  just  described  followed  inmiediately  or  within  a  short 
oiod,  and  the  ventricles  went  into  fibrillar  contractions.  In  this 
orioiis  condition  the  various  fibers  of  the  ventricular  muscle,  in- 
tead  of  contracting  together  in  a  co-ordinated  fashion,  contract 
3|MrateIy  and  irr^ularly;  so  that  the  surface  of  the  ventricle  has 
be  appearance  of  a  vibrating,  twitching  mass.  Such  a  condition 
I  the  ventricle  is  usually  fatal — ^that  is,  the  musculature  is  not  able 
>  recover  its  co-ordinated  movement. .  This  condition  may  come 
n  with  great  suddenness  as  the  result  of  occlusion  of  the  arteries, 
F  injury  to  certain  parts  of  the  heart,  or  from  strong  electrical 
amulation.  Fibrillation  of  the  auricles  also  occurs  frequently 
nder  experimental  conditions,  and,  indeed,  in  the  human  heart  ap- 
ttently  under  pathological  conditions.  When  the  auricles  are 
irown  into  fibrillation  by  experimental  means  the  ventricle  con- 
nues  to  beat,  but  in  an  irregular  manner  similar  to  a  condition 
nnetimes  observed  in  man  and  described  usually  under  the  term 
Thus  irregularis  pepetuus.  There  is  reason  to  believe  that  this 
mdition  in  man  is  attributable  to  a  fibrillation  of  the  auricles,  f 
he  cause  of  the  sudden  change  from  co-ordinated  to  fibrillar  con- 
actions  has  never  been  satisfactorily  explained. 

*  For  a  description  of  results  and  the  literature  see  Porter,  "Journal  of 
yriology,"  15,  121,  1893;  also  "Journal  of  Experimental  Medicine,"  1,  1, 

f  Cuahney,  "American  Journal  of  the  Medical  Sciences,"  June,  1911. 


CHAPTER  XXrX. 

THE  CAUSE  AND  THE  SEQUENCE  OF  THE  HEART 
BEAT-PROPERTIES  OF  THE  HEART  MUSCLE 


General  Statement. — The  cause  of  the  heart  beat  has  m\ 
constituted  one  of  the  fundamental  oljject^s  of  physiological 
The  various  views  that  have  been  proposed  in  different 
reflect  more  or  less  accurately  the  advancement  of  the 
With  each  new  cUscoven^  of  general  significance  a  new  point  of 
is  obtained  and  the  theories  of  the  heart  Ijeat ,  like  those  of  the 
great  problems  of  physiolog>%  shift  their  standpoint  from 
to  generation.  The  general  modem  conception  of  this 
is  referred  usually  to  Haller  (1757),  who  first  taught  that 
activity  of  the  heart  is  not  dependent  on  its  connections  with 
central  nervous  system.  As  we  shall  see»  the  heart  beat  is  contwl 
and  influenced  constantly  by  the  central  nervous  s>'stem^  bfit 
theless  the  important  point  has  been  established  beyond  qi 
that  the  heart  continues  to  beat  when  all  these  nervous  connedil 
are  severetL  The  central  ner\^ous  system  ululates  the  activity 
the  heart,  but  has  nothing  to  do  with  the  cause  of  its  rhythuiifl 
contractions.  The  heart,  in  other  words*  is  an  automatic  (Xfi 
When  in  1848  Remak  discovered  that  ner\^e  cells  are  contaiuadi 
the  frog's  heart  it  was  natural  that  the  causation  of  the  beat 
be  attributed  to  this  tissue,  Sobscfpient  histological  work  I 
demonstrated  the  existence  of  numerous  nervT  cells  in  the  suhsUi 
of  the  heart  tissue  of  all  vertebrates,  and  the  view  that  the 
tomaticity  of  the  hearts  is  due  in  reality  to  the  properties  rf  1 
contained  nerve  cells  was  the  prevalent  \iew  throiighout 
middle  and  latter  part  of  the  nineteenth  centurj-.  In  the  hUfff 
of  the  centur>'  an  opposite  view  arose, — namely,  that  the  musei 
tissue  of  the  heart  itself  possesses  the  property  of  aul 
rhythmical  contractihty.  Both  these  points  of  \iew  peisist  to  < 
The  theur}'  that  refers  the  au tomaticity  of  the  heart  beat  to 
contained  nerve  cells  is  designated  as  the  neurogenic  theory  of' 
heart  beat;  the  one  that  refers  this  property  to  the  m^ 
itself  is  known  as  the  myogenic  theory.  Beyond  this  qi 
the  still  deeper  problem  of  the  explanation  of  the  aut 
itself,  the  eaiLse  or  causes  of  the  rhythmical  excitation, 
occurring  primarily  in  the  muscle  cells  or  in  the  nerve  ceDs* 
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The  dividing  line  between  t  lie  aneient  and  the  modem  views  of  the  heart 
"Lt  ig  found  in  the  work  of  William  Harvey  (10*28).  Before  liis  time  physi- 
~  i  thought  along  the  lines  laid  down  by  the  ancient  masters,  Hippocrate-S, 
totle,  and  Galen,  in  tliat  they  believed  that  the  diastole  of  the  heart  15 
«  active  part  of  the  beat.  They  lieheved  that  the  heart  dilated  at  the  mo- 
iJieni  of  the  apex  beat,  the  dilatation  heiiig  due  to  the  implanted  heat,  the 
^^tal  Bpirits,  a  special  pulsatile  force,  etc.  The  arteries  dilated  at  the  same 
^ine  for  a  similar  reason.  For  a  pericHJ  of  over  two  tliou.sand  years  men  s 
teiils  were  so  chained  to  t\m  behef  that  they  apparently  could  take  no  other 
^fww.  Harvey,  lujwever,  had  the  boldnesri  and  ori|onality  to  look  at  tlie 
tttttter  difTerently.  ile  saw  and  proved  that  the  acti\'e  movement  of  the  heart 
^  a  contraction  during^  systole,  whicli  drives  blmKi  out  of  the  venirieleK  into  the 
•rterifis,  and  conseqaenlly  that  the  pidse  of  the  arteries  is  not  due  to  their 
ftetive  dUatation,  but  to  a  distension  oy  the  blood  forced  into  them.  Harvey 
n»»y  be  considered  also  as  the  founder  of  the  myogenic  theurj'  of  tlie  heart 
beat.  For  although  he  did  not  spceulate  concerninjj  the  cause  of  the  beat, 
be  tflu|jht  that  the  Kvstole  is  an  active  contraction  of  the  heart's  own  muscu- 
lature not  dependent  upon  any  external  influence.  In  tlie  same  century  the 
first  neurogenic  hypotlicsia  was  formidatetl.  Willis  conceived  that  the  cere- 
bdlum  controls  tlie  activity  of  the  involuntary  organs,  including  the  liearL 
The  animal  spirits  engendered  in  the  cerebellum  were  conveyed  to  the  heart 
bv  thi,^  va|cu«  nerve  and  caused  its  beat.  Borelli  formulated  a  somew  hat 
different  view.  According  to  him  the  nerve  juice,  succur  Bpirituosus,  elabo- 
rated in  the  central  ner\*ous  system  was  lranKmitt«Hl  to  the  heart  thrniigli  the 
cardiac  nerves  and,  distilling  slowly  into  the  musculature,  set  up  an  ebullition 
*liidi  caused  an  active  expansion  of  the  fibers.  This  expansion  constituted 
the  5}'sr<de  and  drove  the  blood  out  of  the  heart.  Both  of  tlii^se  views  were 
ili^jifDved  or  rendered  improbable  largely  by  the  work  of  Haller,  who  in  1757 
piililblicd  the  second  myogenic  theor>'  m  a  fonn  which,  somewhat  modified, 
pti'vaiLs  tOMlay.  Haller  believed  that  the  contraction  of  the  heart  is  due  to  the 
UilitTent  irritabihty  of  it«  musculature,  and  that  tlie  venous  blood  as  it  enters 
the  liFfirt  stimulates  it  to  contraction.  Haller's  views  were  generallv  accepted 
forome  veATs,  but  some  physiologists  continued  to  believe  that  thelieart  beat 
~~  amtrofled  directly  by  the  central  ner%'ous  system.  This  tlieory  found  its 
ttt  definite  expression  in  the  work  of  Legallois^  1812,  who  advanced  what 
ly  he  called  the  second  neurogenic  hyf>othesis.  From  ex|>erimentii  made 
Uiwn  animals  he  concluded  that  the  principle  or  force  that  causes  the  heart 
r>*.it  Ls  formetl  in  the  spinal  cord,  in  all  of  its  parts^  and  reaches  tlie  heart 
the  branches  of  the  sympatlietic  nerve  supplying  t  liis  organ.  Legallois's 
luns  were  soon  shown  to  be  erroneous,  but  the  genersd  view  advocated 
pi'  kia  was  entertained  by  some  as  late  as  the  middle  of  the  19th  century, 
*ti  fact  until  experimental  physiologj'  hail  demonstrated  the  true  functions 
^\hc  vagus  and  accelerator  ner\-e8  witli  reference  to  the  lieart.  Toward  the 
fiddle  of  the  H>tli  century  a  third  form  of  neurogenie  hypothesis  arose,  which 
the  beginning  fi^ems  to  have  been  due*  to  the  work  or  tiie  system  of  Hi  chat, 
to  this  author  the  ganglionic  or  svmparhetic  system  supplies  the 
tl^e  organic  hfe,  meaning  tliereby  tfie  visceral  organs  which  arp  not 
rect  influence  of  the  will.  In  1844  Remak  disco veretl  that  the 
►  s  intrinsic  nerve  ganglia,  and  tliis  fact  seems  to  have  induced  most 
h  to  Ix'lieve  that  these  gangha  constitute  a  motor  center  for  the 

^'  ;ng  and  eoordiimting  its  beat.     For  a  period  of  forty  years  this 

♦*ffii]  t>i  Tfie  neurogenic  hypotlK-sis  enjoyed  almost  universal  acceptance.  In 
AS81-83  Gaskell  pubUshcd  experiments  ujxm  rlie  heart  of  the  frog  and  tortoise 
**>  which  he  gave  strong  reasons  for  believing  that  the  beat  is  mvogenie  in 
'Origin,  and  that  the  intrinsic  ganglia  are  simply  a  part  of  the  inhibitor}'  ap- 
Ij&mtus  of  the  heart.  Since  that  time  many  physiologists  have  adooted  the 
<liyogenic  view,  and  the  current  arguments  tending  to  suptjort  tins  rather  than 
^le  neurogenic  hvpo thesis  are  presented  in  the  text.  The  most  aignificant 
Edition  to  our  tnowlwlgc  of  trie  cause  of  the  heart  beat  made  during  tlie 
la^t  quarter  of  a  century  is  the  discoverv  that  tlic  inorganic  salts  of  the  blood 
mnd  lyroph  play  a  specfal  and  essentiaf  r61e.  The  facts  bearing  upon  tliis 
liiteTesting  aiscovery  are  stifficiently  described  in  the  text. 
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Tht  Neurogenic  Theory  of  the  Heart  Beat.^The  literin 
upon  this  topic  is  very  large.*  The  neurogenic  theory  has  suffi 
some  changes  in  its  details  since  first  proposed  by  Volkmann. 
particularly  in  the  specific  functions  assignetl  to  the  different  g&iieii* 
that  exist  in  the  heart.  In  general,  however,  the  theory-  nssmn 
that  the  excitation  to  each  beat  ariaes  within  the  nerve  cells,  vii 
since  the  cardiac  cycle  begins  with  a  contraction  at  what  um  be 
called  the  venous  end  of  the  heart, — that  is,  at  the  junction  of  tta 
veins  with  the  auricles,^ — it  is  assumed  that  the  excitation  or  inDtf 
stimulus  arises  in  the  nerve  cells  situated  in  this  region.  These cA 
constitute,  therefore,  what  may  l>e  called  the  automatic  moltf 
center  of  the  heart.  The  stimuli  generated  within  it  are  tmnsnutted 
through  its  axons  first  to  the  musculature  of  the  venous  end  d 
the  heart.  The  subsequent  orderly  march  of  this  contraction, to 
auricles  and  then  to  ventricles,  is  also  upon  this  theory  tiFu&Hy 
attributed  to  the  intrinsic  nen^  cells  and  fillers.  Through  a  de&nit* 
mechanism  the  impulses  generated  in  the  motor  center  are  trans- 
mitted  to  subordinate  nerve  centers  through  which  the  auricles  *ff 
excited,  and  then  to  other  nerv^c  cells  lying  in  or  near  the  auriculO' 
ventricular  groove  or  to  the  nervous  tissue  in  the  auriculonft* 
tricular  bundle  through  which  the  ventricles  are  excited.  In  tto 
form  the  theory^  assumes  for  the  heart  an  intrinsic  centT&l  nflr* 
ous  system,  as  it  were,  with  a  principal  motor  center  in  whid 
the  property  of  automaticity  is  chiefly  developed  and  j5uhoniiB»t« 
centers  whose  activity  usually  dei>ends  upon  the  principal  centtfr 
but  which  may  show  automatic  properties  of  a  lower  nnier  if  tk 
connections  lK*tween  them  and  the  main  center  are  intcmjpttA 
This  intrinsic  ner\'ous  system  is  responsible  not  only  for  the  fpoo* 
taneous  origination  and  normal  seciuence  of  the  beat,  but  (iBi>i(im 
its  co-ordination.  The  many  muscular  fibers  of  the  vent 
foutract  normally  in  a  definite  nianner  and  sequence,  so  th/it  tl 
effect  is  sunmiated.  Under  almonnal  conditions  the  fibers 
contract  irmgularly,  giving  the  so-called  fibrillar  contractions  of 
heart,  which  are  inco-ordinated.  It  may  Ije  said  that  this 
ception  of  the  connections  of  the  intrinsic  ner\'ous  system 
mainly  ujx>n  deductions  from  physiological  experinients* 
histological  details  regarding  the  connections  of  the  nerve  c^ in 
heart  are  not  yet  sufficiently  kno^n,  but  it  can  not  be  said  at 
that  they  give  any  positive  support  to  such  a  view.  In  repri 
the  neurogenic  theory  the  following  general  statements  may  be 

1.  Most  of  the  very-  numerous  facts  known  regarding  the 

*  Foe  Kcnera!  pr*^ontations  fnnn  different  slatidpoints  see  Gaakdl* 
on  "The  Contract  km  of  Cardiac  Muselo,"  m  SrliafiVs  ''Text-book  ti 
oloK\%"  V(vl.  ii,  IIKX);  Langendorff^  *'Merzmuekol  und  intraki^rdiale  li 
tion  *  in  ^'Ergebniaseder  PhyBioloifie/'  vol.  i,  part  n,  1902;  ami  Cyon,  "L* 
vat  ion  du  ewur,"  Bichet's  "Dictionnaire  du  Phvsiologie,"  vol.  iv,  1900; 
in  Hill's  "Further  Advances  in  Physiology,"  19CW,  53. 
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eat  and  its  variations  under  experimental  conditions  may  be 
xplained  in  terms  of  the  theory,  or  at  least  do  not  contradict  it. 
lie  same  statement,  however,  may  be  made  regarding  the  myogenic 
heoiy.  Both  theories  may  be  applied  successfully  from  a  logical 
tandpoint  to  the  explanation  of  known  facts. 

2.  No  single  fact  is  known  which  can  be  cited  as  positive  proof 
liat  the  nerves  participate  in  the  production  of  the  normal  beat 
if  the  vertebrate  heart.  The  experiment  by  Kronecker  and  Schmey 
B  sometimes  given  this  significance.  These  observers  have  shown 
liat,  when  a  needle  is  thrust  into  a  certain  spot  in  the  dog's 
utricle,  the  regularly  contracting  heart  falls  suddenly  into  fibrillar 
iODtractions  so  far  as  the  ventricles  are  concerned.  The  ex- 
wriment  is  certainly  a  striking  and  interesting  one.  The  needle 
nay  be  thrust  many  times  into  certain  portions  of  the  muscu- 
Mr  mass  without  affecting  the  powerful  co-ordinated  contractions, 
mt  in  the  region  specified  by  Kronecker  a  single  puncture,  if 
t  reaches  the  right  spot,  causes  the  ventricle  to  fall  into  ir- 
?gular  fibrillar  twitches  from  which  it  does  not  recover.  The 
pot  as  described  by  Kronecker  is  along  the  line  of  the  septum  at  the 
ower  border  of  its  upper  third.  The  experiment  frequently  fails; 
nA  it  would  seem  that  there  must  be  a  definite  and  quite  circum- 
cribed  structure  whose  lesion  produces  the  effect  described.  We 
lave  no  evidence  as  yet  what  this  structure  is,  and  are  therefore  in 
to  condition  to  make  positive  inferences  with  regard  to  the  bearing 
(  the  experiment  upon  the  origin  of  the  heart  beat.  Carlson  * 
aa  described  experiments  upon  the  heart  of  the  horseshoe  crab 
Limulus)  which  seem  to  show  conclusively  that  in  this  animal 
he  rh3rthmical  contractions  are  dependent  upon  the  intrinsic  nerve 
clb.  These  latter  are  placed  superficially,  forming  a  cord  that 
ons  the  length  of  the  tubular  heart.  When  this  cord  is  removed 
he  heart  ceases  to  beat.  There  are  reasons,  however,  which  at 
iwent  make  it  doubtful  whether  we  can  apply  the  results  of  this 
xperiment  to  the  vertebrate  heart.  The  crustacean  heart  differs 
fom  the  vertebrate  heart  in  its  fundamental  properties;  unlike  the 
itter,  it  has  no  refractory  period  (see  p.  564),  can  be  tetanized,  and 
ives  submaximal  contractions.f  It  is  a  tissue,  therefore,  that 
SBembles  in  its  properties  ordinary  skeletal  muscle  in  the  verte- 
rate,  and,  like  this  muscle,  it  seems  to  be  lacking  in  automaticity. 
trbon's  experiments  give,  however,  another  instance  of  automatic 
ythmicity  in  nerve  tissue,  and  to  that  extent  support  the  neuro- 
nic theory. 

The  Myogenic  Theory  of  the  Heart  Beat. — The  myogenic 
Bory  has  been  developed  chiefly  by  Gaskell  and  by  Engelmann. 

♦  Carlson,  "  American  Journal  of  Physiolofl;y,"  12,  67,  and  471,  1905. 
t  Hunt,  Bookman,  and  Tiemey,  "  Centralblatt  f.  Physiologic,"  11,  276, 
7. 
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It  assumes  that  the  heart  muscle  its^elf  possesses  the  property  ft 
automatic  rhjlhmicity  and  that  this  property  is  most  highly  d^ 
veloiied  at  the  venous  end.     Tliis  portion  of  the  heart,  thcrpfofft 
contractus  first  and  the  wave  of  contraction  s]>reads  directly  to  the  I 
musculature  of   the  auricle  and  thence  through  the  auriculovah] 
tricular  imndle  to  that  of  the  ventricle.     The  quickly  beatini;] 
venous  end  sets  the  pace,  iis  it  were,  for  the  entire  heart.    TV  I 
nerve  cells  and  nerve  fibres  that  are  present  in  the  heart  are  upoa  I 
this  theory  supposed  to  be  connet*ted  \\ith  the  extrinsic  nermj 
through  which  the  rate  and  force  of  the  heart  heat  are  regulatwlj 
but  they  are  not  concerned  in  the  production  of  the  l>eat.    MjuiT  j 
experimental  facts  have  been  acciunulatcd  which  give  proJ»JibilrtT| 
to  this  view,  and  it  has  been  adopted  by  many,  perhaps  most,  afl 
the  recent  workers  in  this  fiekb     Some  of  the  facts  that  favor  1 
theory  are  are  as  follows : 

L  The  anatomical   arrangement  of   the   musculature  of  dit] 
heart  is  not  op|xvsetl  to  such  a  theor>^     It  was  formerly  stated  qu 
positively  that  there  is  no  muscular  connection  between  theauridfl 
and  ventricles  in  the  mammalian  hearty  i>ut  we  now  know^  ibMl 
these  two  parts  of  the  heart  are  connected  through  a  peculiirj 
system  of  muscular  tissue,  the  auriculoventricular  bundle  and  iill 
ramifications.     It  may  be  accepted  also  that  the  w^ave  of  ejccitalklj 
from  the  sinus  end  of  the  heart  passes  along  this  5yst>em.    Alii 
tletec table  nerve  trunks  crossing  the  auriculoventricular 
may  be  cut  without  altering  the  sequence  of  the  heart  beat,  bdlj 
section  or  compression  of  the  A-V  bondlc  t>rings  on  at  once  i 
condition   of   <lissociated    beart-rhythm    known    as    heart 
The  auriculoventricular  bundle  contains  nerve-fibers  as  w€D  i 
muscle-fibers,   and  the  advocates  of  the  neurogenic  hy 
make,  therefore,  the  somewhat  improbable  claim  that  these  ] 
ticular  nerve-fibers  of  all  those  that  pass  between  auricle  and  ' 
tricle  are  the  only  ones  concerned  in  the  conduction  of  the  no 
stimulus  from  auricle  to  ventricle, 

2.  The  fact  that  a  contraction  started  at  one  part  of  the  1 
may  travel  to  other  portions  through  the  inter^^ening  muscul 
may  be  said  to  be  demonstrated.     Thus,  Engelmami  has 
that  if  the  ventricle  in  the  frog's  heart  is  cut  in  a  zigzag  fa 
so  that  strips  are  obtained  which  are  connected  only  by 
l>ridgcs,  a  stimulation  applied  at  one  end  starts  a  wave  erf  ' 
traction  which  propagates  itself  over  all  of  the  pieces.    This  i 
similar  experiments  scarcely  j^ermit  of  explanation  on  the  sup 
tion  that  conckiction  from  piece  to  piece  is  eflfected  by  a  A 
ner\T}U8  mechanism.     So  too  it  has  Ijeen  shown  that  under  < 
conditions  the  normal  auriculo- ventricular  rhythm  can  be  ch 
at  will  to  a  ventriculf>-auricular  rhythm.     If »  for  instance,  a  ligiitti 
be  tied  around  the  frog's  heart  between  the  sinus  venosus  and  1 
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iride  (first  ligature  of  Stannius)  the  auricle  and  ventricle  cease 
)  beat.  In  this  quiescent  condition  a  slight  mechanical  stimulus 
}  the  ventricle  causes  it  to  beat  and  its  contraction  is  immediately 
)Dowed  by  that  of  the  auricle.  A  similar  reversed  rhythm  may  be 
btained  from  the  mammalian  heart  under  suitable  conditions. 
Qch  an  experiment  makes  it  most  probable  that  the  contraction 
propagated  from  one  chamber  to  the  other  directly  through 
le  muscular  connections.  It  is  not  possible  at  present  to  conceive 
tat  a  definite  mechanism  of  neurons  should  work  thus  in  either 
iiection. 

3.  There  is  much  probable  proof  that  the  heart  muscle  tissue 
MBeBBBS  the  property  of  automatic  rhythmical  contractions.  Ex- 
srimentSy  initiated  by  Gaskell  and  since  extended  by  numerous 
Mervers,  show  that  in  the  cold-blooded  animals  strips  of  heart 
usde  taken  from  various  parts  of  the  heart  will  under  proper 
mditions  develop  rhythmical  contractions.  It  is  very  improbable 
lat  each  of  these  strips,  no  matter  how  made,  contains  its  own 
sident  nerve  cells  or  nerve  tissue  which  act  as  a  motor  center, 
beee  results  seem  to  demonstrate  an  inherent  property  of  rhy  thm- 
tty  in  cardiac  muscle,  whether  or  not  this  rhythmicity  is  directly 
sponsible  for  the  normal  beat. 

4.  It  has  been  shown  that  in  the  embryo  chick  the  heart  pul- 
tes  normally  before  the  nerve  cells  have  grown  into  it.  More 
eently  it  has  been  demonstrated  that  portions  of  the  heart- 
oscle  may  be  removed  from  the  embryo  and  be  kept  alive  in  a 
ood-plasma  medium*.  Isolated  pieces  of  this  kind  continue  to 
At  and  to  undergo  multiplication  and  differentiation,  giving  rise 

isolated  muscle-cells  which  exhibit  rhythmic  contractility, 
bis  result  indicates  very  clearly  that  the  embryonic  heart  muscle 

capable  of  automatic  contractility.  It  is  possible  of  course 
at  at  a  later  stage  of  development  this  property  may  be  lost  by 
«  muscle,  but  it  is  perhaps  more  probable  that  the  property  is 
tained  in  some  degree  throughout  life,  the  greatest  power  of 
lythmicity  being  exhibited  by  the  least  differentiated  tissue  in 
c  venous  end  of  the  heart,  the  region  in  which  the  heart  beat 
iginates. 

Antomaticity  of  the  Heart. — As  was  said  above,  the  ques- 
m  of  the  cause  or  causes  of  the  automatic  rhythmical  con- 
ictions  must  be  sought  for  whether  the  phenomenon  turns  out  to 
a  property  of  the  muscular  tissue  or  of  the  nervous  tissue  of  the 
art.  When  we  say  that  a  given  tissue  is  automatic  we  mean 
it  the  stimuli  which  excite  it  to  activity  arise  within  the  tissue 
elf,  and  are  not  brought  to  it  through  extrinsic  nerves.  In  the 
irt,  therefore,  we  assiune  that  a  stimulus  is  continually  being 
*  Burrows,  "Science,"  36,  90,  1912. 
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producetl,  ami  wp  speak  of  it  as  the  inner  stimulus.  Experiiiin 
spc^culiitioii  liave  Innm  dircH'tcd  toward  unraveling  the  nam 
tM.s  inner  stimuliis.  Most  of  the  physiologists  who  have  pxprc«rf1 
an  opinion  upon  the  subject  have  sought  an  explanatioa  in  tl* ' 
composition  of  the  blood  or  l>inph  bathing  the  heart  tii*i>ue»  orinthf 
products  of  metabolism  of  the  tissue  itself.  Rt^garding  thw  Utttf  J 
view  there  is  nothing  of  the  nature  of  direct  experimental  evideD«  J 
in  its  favor.  No  product  of  the  metabolism  of  the  heart  iisaul 
capable  of  exerting  this  stimulating  effect  has  been  isolated^  bj 
regard  to  the  former  view,  that  the  inner  stimulus  is  eofmeetelj 
with  a  definite  composition  of  the  blood  or  lymph,  there  has  Ijcal 
considerable  exj>eriraental  work  which  is  of  fundamental  6ip]t| 
cance.  While  the  older  physiologists  paid  attention  mainly  to  I 
organic  substances  in  the  blood,  it  has  been  sho%\Ti  in  recent  y« 
that  the  inorganic  salts  are  the  elements  whose  influence  up 
the  heart  beat  is  most  striking.  These  salts  are  in  solution  mtM 
liquid  of  the  tissue,  and  are  therefore  pix)bably  more  or  less  I'fflD'j 
pletely  dissociatecL  Attention  has  been  directed  mainly  to  1 
influence  of  the  cations,  of  which  three  are  especially  impor 
— namely,  the  sodium,  the  calcium,  and  the  potassium. 

The  Action  of  tlie  Cakltmi^  Potassium,  and  Sodium  lomt 
the  Blood  and  Lymph.— It  has  long  been  known  that  the  i 
of  a  frog  or  terrapin  may  be  kept  beating  normally  for  1 
removal  from  the  body,  provided  it  is  supplied  \vith  an 
circulation  of  blood  or  lymph,  so  arranged  that  this  liquid  ent* 
the  heart  through  the  veins  from  a  reservoir  of  some  sort  and  i 
pumped  out  through  the  arteries  leading  from  the  ventricle, 
was  first  shown  by  Menmowicz,  working  under  Lud wig's  directid 
that  an  aqueous  extract  of  the  ash  of  the  blood  poesesses  a  i 
action. 

Ringer  afterwards  proved  that  the  frog's  heart  can  be 
beating  for  long  periods  upon  a  mixture  of  sodium  chlorid,  pot 
chlorid,  and  calcium  phosphate  or  chlorid,  and  he  laid 
stress  upon  the  imjxxrtance  of  the  calcium.    This  work  wifli 
wards  confirmed  and  extended  by  Howell,  Loeb,  and  othef«^'1 
attempted  to  analyze  the  part  played  by  the  several  ions.* 
a  frog's  or  terrapin's  heart  is  fed  with  a  solution  of  phj 
saline  (NaCl,  0.7   per  cent.)  it   l^eats  well  for  a   while,  b«l 
beats  soon  weaken  and  gradually  fade  out.     If  in  this  con 
the  heart  is   fed   with  a   proper  mixture  of  sodium,  pot 
and  calcium  chlorids  it  beats  vigorously  and  well  for  ver>" 

*  For  literature  and  discinRdion  see  Howell,  '•j-Vmerican  Journal  d  ' 
ioloK?  ;*  2,  47,  1898,  and  6,  181,  190K  and  'Moiima!  of  the  Americaii  Ma 
AaHoc'iation/'  1906.     Burridge,  **Quartexly  Journal  of  Exp.   PbysialoGr,'*  1 
347,  1912. 
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Mus.  A  solution  containing  these  three  salts  in  proper  propor- 
008  is  known  usually  as  Ringer's  mixture.  The  exact  com- 
ootion  has  been  varied  by  different  workers,  but  for  the  heart 
t  the  frog  or  terrapin  the  following  composition  is  most  effective: 

NaCl =  0.7     per  cent. 

Ka =  0.03     "       " 

CaCl =  0.025  "      " 

The  addition  of  a  trace  of  alkali,  HNaCOa,  0.003  per  cent., 
ten  increases  the  effectiveness  of  the  solution,  but  it  cannot  be  ^ 

naidered  an  essential  constituent  in  the  same  sense  as  sodium, 
itassium,  and  calcium.  It  has  been  shown,  moreover,  that  even 
le  mammalian  heart  can  be  kept  beating  for  long  periods  when 
d  with  a  Ringer  solution  if  provision  is  made  for  a  larger  supply 

oxygen  than  can  be  obtained  by  simple  exposure  to  the  air. 
or  the  irrigation  of  the  isolated  mammalian  heart  different 
nns  of  Ringer's  solution  have  been  employed,  but  the  mixture 
06t  frequently  used  is  that  reconmiended  by  Locke,  consisting 

NaCl,  0.9  per  cent.;  CaCl^  0.024  per  cent.;  KCl,  0.042  per 
nt.;  NaHCOj,  0.01  to  0.03  per  cent.;  and  dextrose,  0.1  per  cent. 
Ik  solution  is  fed  to  the  heart  under  an  atmosphere  of  oxygen, 
id  with  this  solution  Locke  and  others  have  kept  the  mammalian 
nrt  beating  for  many  hours.  The  dextrose,  while  not  essential 
•  the  action  of  the  irrigating  liquid,  increases  its  efficiency,  and 
3cke*  has  shown  that  the  sugar  is  apparently  utilized  by  the 
«rt,  since  a  considerable  amount  disappears  from  the  solution 
hen  the  heart  is  beating  strongly.  The  general  fact  that  comes 
tt  of  these  experiments  is  that  the  heart  can  beat  for  very  long 
riods  upon  what  has  been  called  an  inorganic  diet.  Moreover, 
le  salts  that  are  used  cannot  be  chosen  at  random;  it  is  necessary 
have  salts  of  the  three  metals  named,  and  substitution  is  possible 
ily  to  a  very  limited  extent.  Thus,  strontium  salts  maj"^  replace 
1008  of  calciimi  more  or  less  perfectly. 

It  is  evident  that  these  salts  play  some  very  important  part 
the  production  of  the  rhythmical  beat  of  the  heart;  and  analysis 
18  shown  that  the  sodium,  calcium,  and  potassium  has  each 
\  special  r61e.  We  may  say  that  the  presence  of  these  salts 
normal  proportions  is  an  absolute  necessity  for  heart  activity. 
striking  experiment  which  shows  the  importance  of  the  calcium 
to  irrigate  a  terrapin's  heart  with  blood-serum  from  which  the 
Icium  has  been  removed  by  precipitation  with  sodium  oxalate. 
spite  of  the  fact  that  all  other  constituents  of  the  blood  are 
isent  the  heart  ceases  to  beat,  and  normal  contractions  can  be 

*  Locke  and  Rosenheim,  "Journal  of  Physiology,"  36,  205,  1907.     See  also 
nwlton  and  Starling,  ibid.  45,  146,  1912. 
36 
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started  again  promptly  by  adding  eaknum  ehlorid  in  right  amo^ffllil 
to  the  oxalated  blood.  Regarding  the  specific  part  taken  by  ochl 
of  t!ie  cations  in  the  production  of  tlie  alternate  contractions  itii 
relaxations,  much  diversity  of  opinion  exists,  owing  to  ourigTionu««  , 
of  the  chemical  changes  going  on  in  the  heart  during  s\-stole  ^| 
diastole  and  to  the  difFiculty  of  controlling  experiment-al  conditio 
Thus,  while  it  is  an  easy  matter  to  conti-ol  accurately  the 
jxisition  of  the  lirpiids  supplied  to  the  heart,  a  variable  an*!  iin 
trollable  factor  is  introduced  by  the  fact  that  within  the  tia 
elements  themselves  there  is  a  store  of  combined  calcium,  ] 
sium,  and  sodium  which  may  serve  to  supply  these  elements  to < 
greater  or  less  extent  to  the  tissue  liquids. 

The  controversial  details  upon  this  question  cannot  be  preseuM 
in  an  elementary  book^  l>ut  the  following  brief  statenient'* 
be  made  regarding  one  view  of  the  specific  effects  of  tlie  i 
cat  inns:  (1)  The  sodium  salts  in  the  lilood  and  lymph  take  tk 
chief  part  in  the  maintenance  of  nt^rnial  osmotic  pressure. 
sodium  ehlorid  exists  in  blood-plasma  to  the  extent  of  0.5  to  < 
per  cent.,  and  the  normal  osmotic  pressure  of  the  blood  is  i 
dependent  upon  it.  A  solution  of  sodium  ehlorid  of  OJ  to  0.^1 
cent,  forms  what  is  known  as  physiological  saline,  and  alU 
not  adequate  to  maintain  the  normal  composition  and  prop 
of  the  tissue^s  it  fulfills  this  purpose  more  perfectly  than  the  s 
of  any  other  single  substance.  The  sodium  ions  have  in  add 
a  sjiecific  influence  upon  the  state  of  the  heart  tissue.  ContnactiH 
and  irritability  disappear  when  they  are  absent;  when  present i 
in  physiological  concentration,  in  the  medium  batldng  the  heart  i 
cles  they  produce  relaxation  of  the  muscle  tissue.  (2)  The  ( 
ions  ai-e  present  in  relatively  ver\'  small  quantities  in  the  blood, 
they  also  are  absolutely  necessary'  to  contraetihly  and  irritabilH 
When  present  in  quantities  above  normal  or  when  in  a  pn 
tional  excess  over  the  sodium  or  potassium  ions  they  CBUSt  A  i 
dition  of  tonic  contraction  that  has  been  designat'ed  aa 
rigor.  (3)  The  potassiiun  ions  are  present  also  in  ver\*  sfnall  ( 
titles,  and,  imlike  the  calcium  and  sodium  ions,  their  pre«fW«l 
the  circulating  liquid  does  not  seem  to  be  absolutely  necessair  I 
rhythmical  activity.  Under  proper  conditions  a  terrafnn'i  i 
l:)eats  well  for  a  time  upon  a  solution  containing  onh^  sodium  i 
calcium  salts.  The  potassium  seems  to  promote  relaxation  oil 
muscle  and  in  physiological  doses  it  exercises  through  thl^  \ 
a  regulating  influence  upon  tlie  rate  of  beat.  When  the  prop 
of  jjotassium  ions  is  increased  the  heart  rate  is  proper 
slowed,  and  finally  the  contractions  cease  altogether,  the 
coming  to  rest  in  a  state  of  extreme  relaxation,  known  doo 
as  potassium  inhibition.     (4)    It  appears  from  thes^  stat 
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IS  a  well-marked  iLiitasonisni  }»etw(H^n  the  effects  of  the 
^  on  the  one  hand,  and  the  pota.^sium  and  soditun,  on  the 
The  calcitiin  promotes  a  state  of  contraction,  the  sodium 
^potassium  a  state  of  relaxation.  It  is  conceivable,  there- 
yt  the  alternate  states  of  contraction  and  relaxation  which 
rize  the  rhythmical  action  of  heart  muscle  are  connected 
[  way  with  an  interaction  of  an  alternating  kind  I  jet  ween 
[IS  and  the  living  cont rat- tile  i^ubstance  of  the  heart.  It  ia 
(le  to  say  positively  whether  or  not  the  inorganic  salts 
rtly  connected  with  the  cause  of  the  l>eat, — that  is,  with 
pnation  of  the  inner  stimolus.  According  to  one  point  of 
ley  are  necessary  only  to  tlie  irritability  and  contractility 
leaxt  tissue.  The  inner  stiraulas  is  produced  otherwise  by 
iknowti  reaction,  but  it  is  not  able  to  cause  a  contraction 
leart  muscle  in  the  abs*nice  of  the  proper  inorganic  salts, 
Dg  to  another  view,  the  reaction  of  these  ions  with  the 
Elliot ance  constitutes  or  leads  to  the  development  of  the 
mulus, 

tiological  Properties  of  Cardiac  Muscle. — C'anliac  muscle 
certain  properties  which  distinguish  it  sharply  from  skeletal 
r  tissue  and  which  have  a  direct  l>earing  uix>n  the  rhyth- 
I  the  contractions  and  tlie  sequence  shown  by  the  different 
fB,    The  most  characteristic  of  these  properties  are  the 

\e  cofUradion^  of  hmri  muscle  ore  always  tnaximaL  In 
muscle  and  in  plain  muscle  the  extent  of  contraction  is 
io  the  strength  of  the  stinmius,  and  we  recognize  tlie  exis- 

a  series  of  submaximal  contractions  of  varying  height-s. 
not  true  of  heart  muscle.  As  was  first  show^n  by  Bow- 
\  piece  of  ventricular  muscle  when  stimulated  responds,  if 
jads  at  all,  with  a  maximal  coiUraetion,  The  apex  of  a 
leart  does  not  Ijeat  spontaneously^  but  contracts  upon 
I  stimulation.  If  such  an  apex  is  connected  with  a  lever 
er  its  contractions,  and  the  electrical  stimulus  apphed  t-o 
(dually  increased,  tJie  first  contraction  to  appear  is  maxi- 
I  it  is  not  further  increixsed  by  augmenting  the  stimulus. 
Dperty  is  sometimes  described  bv  saying  (Ranvier)  that 
fraction  of  the  heart  muscle  is  all  or  none.  This  fact 
Dt,  however,  l>e  interpreted  to  mean  that  the  force  of 
ion  of  heart  muscle  is  invariable  under  all  conditions. 
not  the  case.  The  heart  muscle  under  favorable  nutritive 
give  a  much  larger  and  more  forcible  contraction 
blc  under  comlitions  of  poor  nutrition;  but  the  point 

whatever  may  be  the  condition  of  the  muscle  at  any 
t,  its  contraction  in  response  to  artificial  stimulation 
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esLhibit^d  by  the  crustacean  (lobster)  heart,  but  has  been  shown 
to  be  true  for  the  mammalian  heart  muscle.'*' 

2.  The  refrmUynj  period  of  the  beat.  It  was  shown  by  Marey  t  that 
the  heart  muscle  is  irritable  to  artificial  (electrical)  stimuli  only 
dming  the  period  of  diastole.  During  the  period  of  systole  an  elec- 
(deal  stimulus  has  no  effect;  during  the  period  of  diastole  such  a 
stimulus  calls  forth  an  extra  contraction  and  the  latent  period 
prieceiling  the  extra  contraction  is  shorter  the  later  the  stimulus  is 
appliitd  in  the  diastolic  phase.  This  relationship  is  well  shown  by 
Marry *8  ciirves  reproduced  in  Fig.  ^36.  The  period  of  inexcitabil- 
ity  is  <Iestgnatecl  a?*  the  refractory  period  of  the  heart  beat.  Marey 
(IcGnDcl  thL'^  refractory  period  as  falling  within  the  first  part  of  the 
§>^a]e,  and  stated  that  its  duration  varies  with  the  actual  strength 
of  th*^  stimulus.  Later  experiments  by  other  investigators  make  it 
pn>hiible  that  the  refractory  period  lasts  during  practically  the  entire 
^>^nole4  According  to  this  point  of  view,  therefore,  the  heart  muscle 
liuring  it^  i>eriod  of  actual  contraction  is  entirely  unirritable,  and  in 
tlikitwpetrt  it  offei-s  a  striking  difference  to  skeletal  and  plain  muscle. 
%B  existence  of  thi^  refractory  period  explains  why  the  heart 
tnuwle  rfiuiiot  be  thrown  into  complete  tetanic  contractions  by 
rapitily  repeated  stimuli.  Since  each  contraction  is  accompanied 
by  a  con<lilion  of  loss  of  irritability,  it  is  obvious  that  those  stimuli 
that  fall  into  the  heart  during  this  period  must  prove  ineffective. 
T!jc  refmt'foi^"  period  and  the  gradual  increase  in  irritability  during 
iht  iluistale  may  throw  some  light  also  on  the  rhythmical  character 
«f  the  beat.  The  ocjcurrence  of  the  refractory  period  and  the 
id»equiH]t  gradual  return  of  irritability  are  connected  no  doubt 
with  (lie  metabolic  changes  taking  place  in  the  heart  muscle.  It 
is  b  the  character  of  this  metabolism  that  we  must  seek  for  the 
fi^I  cxpL-taation  of  these  two  phenomena  and  the  cause  of  the 
ifcrtfamicity  of  the  contractions.  As  was  stated  above,  it  has  been 
Amrn  that  the  crustacean  (lobster)  heart  muscle  does  not  obey  the 
altor-nonc  law,  shows  no  refractory  period,  and  is  capable  of 
9viiLj£  tetanic  contractions  when  rapidly  stimulated.     In  all  these 

!jBipeet«  it  differs  from  the  typical  heart  muscle  of  the  vertebrate, 
but  the  difference  is  perhaps  sufficiently  explained  by  the  discovery 
fp.  557)  thiit  the  crustacean  heart,  in  one  form  at  least,  is  not  an 
agtiimaticivlly  rh^ahmical  tissue.  Its  rhythmical  contractions,  like 
■be  t>f  the  diaphragmatic  muscle  in  the  higher  veiiebrates,  depend 
^^taL  rhythmical  impulses  received  from  nerve  centers. 

•  For  experiments  on  mammalian  heart  and  literature*,  see  Woodworth, 
''American  Journal  of  Phvsiology/'  8,  213,  1903. 

t  Marey,  "Travaux  du  laboratoire/'  1876,  p.  73. 

1  See  paper  by  Woodworth,  loc.  cit.  Also  Srhiiltz,  '•American  Journal  of 
PhySiology/^ie,  483,  1906,  and  22,  i;i3,  V,m. 
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The  Compensatory  Pause.— It  has  been  olj«^r\'ed  that ' 
n^ole  is  prcwJuced  by  .stimulating  a  x^eiitrii-le  it  b  followed  by  a  \ 
tban  iLsual;  the  pause,  in  fa<'t,  is  of  such  a  length  as  to  competuali\ 
for  the  extra  beat;  m>  that  the  total  rate  of  be*it  remains  the  same.  11 
longed  paase  under  theae  conditions  is  therefore  frequently  de!^i|i;nated| 
€omftensatorij  jmuse.  It  has  been  shown,*  however,  thattlie  exart  co 
sation  in  this  case  is  not  referable  to  a  pro|)erty  of  heart  muscle,  but  is 
the  dependence  of  the  ventricular  upon  the  atiricular  t^eat.  When  Uit\ 
or  ventricle  is  isolated  and  Btimidat^^i  the  phenomenon  of  exact  compd 
is  not  obscr\^eid.  In  aa  entire  heart,  on  trie  contrary,  the  beat  ongia 
the  vcnoufl  end  of  th«  auricle  and  is  propagated  to  the  ventricle-  U  t\^ 
chamber  is  stimulatet^l  so  as  to  pve  an  extra  beat  out  of  frequence  it  uUl  | 
in  diastole  until  the  next  auricular  beat  stimulates  it,  and  *v^-iil  thus  | 
the  regular  sequence  of  tiie  heart  beat,  | 

The  Normal  Sequence   of  the   Heart   Beat. — The  n 

rhythm  of  the  heart  heat  is  first  a  contraction  of  the  &il 
then  one  of  the  ventricle?^.  Many  efTorts  have  been  m4 
determine  tlie  precise  .spot  in  which  the  contraction  of  the) 
normally  starts.  Formerly  it  was  supposed  that  the  contil 
began  in  the  great  veins  just  before  they  pass  into  the  si 
and  it  was  implied  that  this  initiation  of  the  beat  might  od 
the  pulnn^nary  veins  as  well  iis  in  the  veniie  cavie.  Morel 
experiments  t  w^hicli  have  been  made  largely  upon  the  is^ 
heart  while  perfused  with  a  Ringer- Locke  solution  have  i 
pretty  conclusively  that  the  most  rhythmic  part  of  the 
and  the  part  from  w^hich  the  beat,  in  all  probalnlitVp  noil 
starts  is  an  area  of  the  w^all  of  the  right  auricle  lying  be^ 
the  openings  of  the  venae  cavse^  or^  according  to  the  most  r 
views,  in  that  remnant  of  the  sinus  tissue  known  as  the  sine 
node  which  lies  in  this  region,  and  which  is  connected  wit| 
auricular  muscle  and  with  the  auriculoventrieular  bu 
528).  When  this  portion  of  the  heart  is  w^amied  or 
rate  of  beat  of  the  whole  heart  is  correspondingly  incn 
decreased,  while,  on  the  contrary,  warming  or  cooling  of  tW 
tricles  themscdves,  the  auricular  appendages,  the  left  auricle, eti 
no  effect  upon  tht^  heart-rate*  From  the  point  of  confluence ^ 
vonio  cavic  the  wave  of  contraction  spreads  over  the 
through  the  auriculoventrieular  bundle  to  the  ventricfc 
secjuence  from  venous  to  arterial  end  is  beautifully  sh<l 
frog's  heart,  in  which  the  contraction  begins  in  the  sinus  i 
spreads  to  tlie  auricles,  thence  to  the  ventricle,  and 
to  the  bulbus  arteriosus.  Under  normal  conditions  this  i 
is  never  reversed,  and  an  explanation  of  the  natural 
forms  obviously  an  important  part  (»f  any  etimplete  tl 
of  the  heart  beat.     Those  who  hokl  to  the  neurogenic  I 

•  Cushiiv  and  Matthews,  "Journal  of  PhyifiokiKy/'  21,  227»  1897 
t  Consult  especially  Adu.m,  ''Anhiv  f-  cl.  ges/Physiob/'  J^i^/ 

Erlan^er  and  Hlaekmfin.  "American  Journal  of  Physiology,"  If  ' 

and  Flack,  *' Journal  of  PhyHiiilogy,"  41,  64,  1910. 
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naturally  explain  the   sequence  of   the  beat  by  reference  to  the 
intrinsic  nervous  apparatus.     If  the  motor  ganglia  lie  toward  the 
venous  end  of  the  heart  one  can  imagine  that  their  discharges  may 
•ffect  the  different   chambers  in  sequence,  the  pause  between 
Mricular  and  ventricular  contraction  being  due,  let  us  say,  to  the 
fcct  chat  the  motor  impulses  to  the  ventricle  have  to  act  through 
suboidmate  nerve  cells  in  the  auriculo-ventricular  region,  and  the 
time  necessary  for  this  action  brings  the  ventricular  contraction 
a  certain  interval  later  than  that  of  the  auricle.    There  is  no 
immediate  proof  or  disproof  of  such  a  view.    The  numerous  exper- 
iments made  upon   the  rapidity  of   conduction  of  the  wave  of 
contraction  over  the  heart  are  not  conclusive  either  for  or  against 
the  view.    The  fact,  however,  that  in  the  quiescent  but  still  irritable 
heart  the  rhythm  may  be  reversed  by  artificially  stimulating  the 
ventricle  first  seems  to  the  author  to  speak  strongly  against  the 
dependence  of  the  sequence  upon  any  definite  arrangement  of 
neuron  complexes.    On  the  myogenic  theory  the  sequence  of  the 
heart  beat  is  accoimted  for  readily  by  relatively  simple  assmnptions. 
Ga^kell  and  Engelmann  have  each  laid  emphasis  upon  the  facts  in 
this  connection,  and  the  application  of  the  myogenic  theory  to  the 
explanation  of  the  normal  sequence  of  contractions  forms  one  of  its 
most  attractive  features.     Gaskell  assumes*  that  the  rhythmical 
power  of  the  muscle  at  the  venous  end  is  greater  than  that  at  the 
ventricular  end,  that  is,  if  pieces  from  the  two  ends  are  examined 
separately  it  will  be  found  that  the  spontaneous  rhythm  of    the 
lisBue  from  the  venous  end  is  more  rapid.    This  portion  of  the 
keart,  therefore,  beating  more  rapidly,  sets  the  rhythm  for  the 
lifaole  organ,  since  a  contraction  started  at  the  venous  end  will 
]mq>agate  itself  from  chamber  to  chamber.    That  each  chamber  of 
the  heart  has  a  rhythm  of  its  own  and  that  the  rhythm  of  the  ven- 
ous end  is  the  more  rapid  and  constitutes  the  rhythm  of  the  intact 
keart  has  been  shown  in  various  ways  upon  the  hearts  of  different 
•nimals.    Thus,  Tigerstedt  has  devised  an  instrument,  the  atrio- 
tome,t  by  means  of  which  the  connections  between  auricle  and 
ventricle  may  be  crushed  without  hemorrhage.    Under  such  condi- 
ticms  the  ventricle  continues  to  beat,  but  with  a  much  slower  rhythm 
and  with  a  rhythm  entirely  independent  of  that  of  the  auricles. 
The  same  result  has  been  obtained  in  a  very  striking  way  by 
Erlanger.     This  observer  arranged  a  clamp  by  means  of  which  he 
eould  compress  the  auriculoventricular  bundle  connecting  auricle 
and  ventricle.     When  the  compression  is  made  the  ventricle,  after 
an  interval,  exhibits  a  slower  rhythm  and  one  entirely  independent 

*  Gaskell,  "Journal  of  Physiology,"  4,  61,  1883;  also  vol.  ii.  p.  180,  of 
lehdfer's  "Text-book  of  Physiology,*'  1900. 

t  See  "Lehrbuch  der  Physiologie  des  Kreislaufes,"  1893. 
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of  that  of  the  auricles.  When  the  compression  is  removed  the\*fl 
tricle  falb  in  again  with  auriruhir  rh>'lhm.  By  variations  in  tl 
pressure  upon  the  })un<ile  intermediate  conditiorLS  may  he  obUtn 
in  which  the  '^bloek'*  l^etween  auricle  and  ventricle  is  only  parti 
and  in  which,  therefore,  the  ventricuhir  systole  fo!low«i  rf^ula 
everj'  second  or  third  auricular  contraction.  When  the  * 'block" 
complete  the  ventricular  rhythm  ceases  to  have  any  definite  re 
tionship  to  that  of  the  auricle,  it  beats  entirely  independently  a 
its  rate  is  slower  than  tluit  of  the  auri(^ie.  It  is  interej<ting  to 
memljer  that  cases  of  comjileteor  pMrtial  heart  block  occur  in  mi 
In  the  c-ondition  known  as  the  Stokes- Adams  syndrome  the  stiiit 
feature  in  addition  to  attacks  of  syncope  is  a  permanently  doi 
pulse,  the  heart  heac  falling  to  30  or  20  beats  per  minute  orknl 
Erlanger  has  shown  that  in  such  cases  there  may  be  eompWl 
partial  heart  block.  In  the  former  condition  the  rhythm  d  i 
ventricle  is  entirely  independent  of  that  of  the  auricle  and  of  co^ 
much  slower.  The  ventricles  may  be  beating  at  27  per  minute  j 
the  auricles  at  OCI  In  partial  block  the  ratio  between  the  ved 
ular  and  aurieidar  rate  is  definite^  eveiy  second  or  third  auri^ 
beat  beinp:  followed  by  a  ventricular  systole  (see  Fig,  237), 
number  of  these  cases  it  has  been  shown  at  autopsy  that  there^ 
a  distinct  lesion  involving  the  auriculo ventricular  bundle,  bn 
other  cases  lesions  of  this  kind  have  not  been  discoverable.* 


auuuituttauxUii 


yijf,  237. — Ckrrlioirmm  from  *  caae  of  Stoked- Adumailiaeiiiie,  sitowwig  tw  a  xur*fiila| 
(1,  2)  to  each  veutriculiu-  ba^i. —{Erlnnger.)    The  timft-reeord  mio-ks  fifth*  ol  «  «•■! 

J 

In  the  hearts  of  the  cold-blooded  animals  the  same  e^ 
results  are  readily  obtained  when  the  tissue  between  the  difliB 
cliambers  is  compressed  or  destroyed.  In  the  frog's  heartf 
instance,  if  one  ties  a  ligature  (first  ligature  of  Stannius)  befl 
the  sinus  venosus  and  the  auricle,  the  auricle  and  vr  *  '  .i 
beating  while  the  sinus  continues  pulsating  with  its  nor  t 

Later  the  auricle  and  ventricle  may  commence  l>eatinL^   -    r 
if  this  hap{>ens  their  rhythm  is  slower  than  that  of  the  sai 
independent  of  it.    So  in  the  terrapin's  heart,  in  w^hich  the 

♦  Sw  Erlan^^iT,   ''J<jurn:il  of  Expmmc-ntal   Medicine/*    1905, 
viii.,  and  *\\m«i«'an  Journal  of  Fhysioloity/*  1900,  xv.  and  xvi 
ture  UfHin  autoijwii^  m  oLm-w  of  SU}kr:s-Aclain^' 


le  a4iiU3j 

iesr<)« 


Fortifcel 

i_,_ ^_. lisease  consult  Krumlll 

BiiJklin  of  "the  Aycr  Clinir-al  Latwnitory,"  Philadelphia.  No.  e,  19\% 
Bachmanr^  "Journal  of  Exp,  Medicine/'  Mr,  41,  U»i2. 
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of  beat  is  so  beautifully  exhibited,  if  one  ties  a  ligature  between 
•uncle  and  ventricle,  or  cuts  off  the  ventricle  entirely,  the  sinus 
venosus  and  auricle  continue  beating  at  their  normal  rhythm,while 
the  ventricle  remains  usually  entirely  quiescent  so  long  as  normal 
blood  flows  through  it.  It  would  seem  from  these  facts  that  in  the 
mammalian  heart  the  ventricle  when  disconnected  from  the  auricle 
IB  capable  of  maintaining  a  fairly  rapid  rhythm  of  its  own.  At  the 
other  extreme,  the  terrapin^s  ventricle  when  similarly  treated  shows 
lio  spontaneous  beats  at  all.  These  and  many  other  facts  that 
oii^t  be  quoted  support  well  the  general  view  proposed  by  Gaskell, 
fchat  the  venous  end  of  the  heart  possesses  the  greater  rhythmical 
power  and  starts  the  heart  beat,  and  that  the  wave  of  contraction 
ia  propagated  from  chamber  to  chamber  through  the  intervening 
muscular  substance. 

The  Tonicity  of  the  Heart  Muscle. — In  describing  the  phys- 
kkgy  of  skeletal  and  plain  muscle  attention  was  called  to  their 
pioperty  of  tonicity, — that  property  by  means  of  which  they  remain 
b  a  more  or  less  permanent  although  variable  condition  of  con- 
baction.  So  far  as  the  skeletal  muscles  are  concerned,  this  con- 
fition  is  dependent  upon  their  connections  with  the  nervous  system. 
Cut  the  motor  nerve,  or  destroy  the  motor  center,  and  the  muscle 
bees  its  tone, — ^becomes  completely  relaxed.  Tonicity  or  tonic 
ictivity  is  therefore  characteristic  of  the  motor  nerve  centers,  and 
8  due,  no  doubt,  to  a  more  or  less  continuous  inflow  of  sensory 
into  those  centers.  The  tonus  of  the  nerve  centers  is  a 
In  the  plain  muscle  the  condition  of  tonus  is  also 
The  blood-vessels,  the  bladder,  the  various  viscera  are 
^if  ever,  entirely  relaxed  for  any  length  of  time.  This  tonus 
dependent,  in  many  cases,  upon  a  constant  innervation 
hough  the  motor  nerves,  but  after  these  latter  have  been  destroyed 
he  plain  muscle  still  shows  this  property  of  tonicity.  So  in  the 
eart  muscle  the  power  to  maintain  a  certain  degree  of  contraction, 
eertain  state  of  muscle  tension  quite  independently  of  the  sharp 
^stolic  contractions,  is  very  characteristic.  At  the  end  of  a  normal 
iastole,  for  example,  the  ventricle  is  not  entirely  relaxed,  it  retains 
eertain  amoimt  of  tonicity  as  compared  with  its  condition  when 
ihibited  through  the  vagus  nerve  or  when  dead.  The  degree  of 
ius  tonicity  determines,  of  course,  the  size  of  the  ventricular 
ivity  (the  diastolic  volume)  and  the  extent  of  the  charge  it  will 
ike  from  the  auricles.  As  will  be  described  in  the  next  chapter 
le  tone  of  the  heart  muscle  is  dependent  in  part  upon  its  extrinsic 
BTves,  but  it  is  more  dependent  probably  upon  the  composition 
■  the  blood.  Like  the  property  of  rhythmicity ,  that  of  tonicity  is 
ost  developed  at  the  venous  end  of  the  heart.  At  least  this  is  the 
Be  with  the  heart  of  the  cold-blooded  animals,  upon  which 
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this  property  has  been  studied  most  carefully.  The  \ 
of  the  terrapin,  or  strips  excised  from  the  ventricle  audi 
pended  so  that  their  movements  can  he  recorded,  often  1 
greatly  in  length  with  differences  in  condition*  Theee  v| 
tions  are  due  to  chanpjes  in  tone.  Not  infrequently  u 
changes  take  on  a  rhythmical  character;  so  that  if  tbe 
tricle  is  beating  one  sees  upon  the  record  regular  lone  wj 
an  alternate  slow  shortening  and  slow  relaxation  quite  l 
pendent  of  the  rhythmical  l)cats.  The  tissue  of  the  auride^ 
especially  of  the  sinus  venosus  exhil>its  this  property  to  a  d 
more  marked  extent  (see  Fig,  238).  The  tone— that  is.  Iheta 
of  the  piece—if  in  strips,  or  the  capacity  of  the  chamber^  if 
entire,  is  continually  changing  and  oftentimes  in  a  rh^'thi 


^   Fk;*    23JS^ — To  »haw  tone  waves  in  baart  muacle.     The  record  Bhcms  oootiMiiai 
Mtnp  ofthe  suiUH  vpno!ni.s  (ti^rrapin^H  heart)  mupended  in  »  Iwth  of  blood-flBruin.    li> 
tion  to  the  sharp  contract iooji  mtkrked  by  the  UneA  there  are  loDgBr;  w»v»-liiot  ttM^ 
mad  relaxations,  irregular  in  character,  which  are  due  to  vartatioiu  in  tooe. 

way.  Fano*  has  made  a  special  study  of  this  property  and 
suggested  that  the  tone  changes  or  contractions  niay  be  diH 
the  activity  of  a  substance  in  the  heart  differejit  from  that  wl 
mciliate.s  the  onlinar>^  contractions,  Botazzif  suggests  thstt 
the  usual  sharp  systolic  contraction  is  due  to  the  cros^-atlil 
(anifiotropous)  substance,  the  slower  tone  changes  may  bt^ 
to  the  undifferentiated  sarcopla^sm.  However  this  n 
propert}'  of  tonkity  ii^  an  important  one  in  the  phy-^  _  < 
heart  and  of  the  other  visc»*ral  organs.  Througli  it  a  certaift 
sion  of  the  musculature  is  mainttiincd,  and  the  size  of  the  caV 
and,  therefore,  the  output  of  the  ventriclps  is  controUed 
diminution  in  the  tonicity  may  constitute  an  inn  f:id< 

the  pathological  results  following  upon  acute  m  n  rf 

ventricles. 

*  Fatio,  "BritrftK*-  Kiir  PhyBiologie/*    C.  Ludwig,  «u  ».  70  GfM 

gewiil.     Li^ipziR,  1HH7. 

t  'Journal  of  Plivsiolo(r\%"  21,  1,  1897. 


CHAPTER  XXX. 

IHE  CARDIAC  NERVES  AND  THEIR  PHYSIOLOGICAL 

ACTION. 

The  heart  receives  two  sets  of  efferent  nerve  fibers  from  the 
sntral  nervous  system.  One  set  reaches  the  heart  through  the 
igus  nerves,  and,  since  their  activity  slows  or  stops  the  heart 
at,  they  are  spoken  of  as  the  inhibitory  nerve  fibers.  The  other 
it  passes  to  the  heart  by  way  of  the  sympathetic  chain,  and  since 
leir  activity  accelerates  or  augments  the  heart  beat  they  are 
»giiated  usually  as  the  accelerator  nerve  fibers.  In  addition  the 
art  18  provided  with  a  set  of  affei-ent  nerve  fibers.  Regarding 
le  funetiooal  activity  of  these  latter  fibers,  our  experimental 
lowkdge  b  limited  to  the  fact  that  some  of  them,  at  least, 
"e  stimulated  at  each  beat  of  the  heart  (p.  604).  and  that 
wsibly  some  of  them  help  to  form  the  so-called  depressor 
^e  (p.  604)  Under  pathological  conditions  these  afferent 
)ers  may  produce  painful  sensations. 

The  Course  of  the  Cardiac  Fibers. — The  vagus  nerve  gives 
t  several  branches  that  supply  the  heart.  The  superior  car- 
ac  branches  arise  from  the  vagus  in  the  neck  somewhere 
Jtween  the  origins  of  the  superior  and  the  inferior  laryngeal 
irves.  The  inferior  cardiac  branches  arise  from  the  thoracic 
irtion  of  the  vagus  near  the  origin  of  the  inferior  laryngeal 
f.  recurrens)  and,  indeed,  some  of  these  branches  may  spring 
rectly  from  the  latter  nerve.  The  inhibitory  fibers  probably 
ise  in  these  inferior  branches  chiefly.  Both  superior  and 
Ferior  cardiac  branches  pass  toward  the  heart  and  unite 
th  the  cardiac  branches  from  the  sympathetic  chain  to  form 
B  cardiac  plexus.  This  plexus  lies  on  the  arch  and 
sending  portion  of  the  aorta,  and  from  it  the  heart  receives 
ectly  both  its  inhibitory  and  accelerator  fibers.  The  inhibitor}' 
BTS  of  the  heart  form  a  part  of  the  outflow  of  bulbar  autonomic 
are  (p.  249)  through  the  vagus  nerve.  The  preganglionic  fibers 
ibably  end  aroimd  ganglion  cells  in  the  heart,  which  in  turn  send 
ir  axons  as  postganglionic  fibers  to  the  heart  muscle. 
The  Action  of  the  Inhibitory  Fibers. — If  the  vagus  nerve 
he  neck  of  an  animal  is  cut  and  its  peripheral  end  is  stimulated 
heart  is  slowed  or  stopped  altogether  according  to  the  strength 
;he  stimulus.     Th  s  effect  is  illustrated  in  Figs.  239  and  240. 
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This  inhibitory  influence  upon  the  heart  beat  was  first  (kserih 
in  1845  by  the  two  brothers,  Edward  Weber  and  E.  H.  Wei 
It  was  a  ph\'siological  discovery  of  the  first  itnportanee,  not  a 
as  regiinls  the  physiology  of  the  hearty  but  from  the  staadgj 
of  general  physiology,  since  it  gave  the  first  clear  in^taoi^H 
fjossibilily  of  iiiliibitory  action  through  nerve  fillers*  ^B 

If  the  heart  is  examined  during  its  complete  inhibition  i 

l>e  seen  that   it  stx»ps   in   dii 
and    indeeil    the    diastole   is 
roinplete  than   normal, — llie 
dilates  to  a  ver\'  large  *»^-***"i 
Ijw'omes  swollen  with 
latter  fact  is  taken  \x&\ 
that    the  action  of    ili 
fibers  not  only  prevent3  tfae 
systole,   but  abo  renif  "  -<-   •' 
iiicity  of  the   mu.sc*uhi 
oliservers  believe  that    ii*e 
dilatation  Is  due  simply  to 


W\f\ 


m 


:i 


of  the  increased  venoiia 
( Roy  and  Adarni) .  E.\ : 
the  heart  shows  also  i 
bition  affects  thewholi* 
auricles  and  ventricles  ; 
stopi>ed,  as  the  ease  n^ 
the  vagus  nerve  in  man 
tains  iiihil>it4)r>^  fibers  to 
is  made  higlily  probable 
thi!ig  knowTi  concerning 
tions  under  winch  the 
slowed  or  stopped  tenr 
has,  moreover,  been  <i. 
directly  in  several  instaneai  < 
living  men.*  These  inhibitoi 
l)ers  have  been  sho\ni  to  exist 
classes  of  vertebrates  and  in  a  i 
Ijer  of  the  invertebrates,— « ' 
which  in  itself  would  indicAta 
great  importance  of  their  infill 
upon  the  effective  activity  of  the  heart.  In  the  mammals g 
ally  employed  in  laboratory  exjwrinients  the  iidiibitory  I 
occur  in  both  vagi;   in  some  of  the  lower  vertebrate,  hofil 

*See  espedally  Tlianhoffer,  *' Ceritralblatt  f.  d.  med.  Wiaa,,*^  IKtt 
gives  an  accoant  of  an  experiment  in  wliich  the  vagi  were  compresttd 
neck,  with  a  resulting  stoppage  of  the  heart  and  Idas  of  c 


FiK.  239, — To  iUiow  the  inhibition 
of  the  lermpin'fs  heart  due  to  mtimuia- 
tiHin  of  the  VttRii^  nervo.  The  upper 
tracing  (/)  rworrLs  the  cemtraclioiis  of 
the  left  tiyriele  ;  the  lt»wer  {11}  the  con- 
Irttdiorm  of  tbe  ventricle.  The  vaRiiJ* 
Vfos  Mthnuluted  three  tinien,  euch 
chamber  coniinK  to  a  complete  t^top. 
On  removing  the  fttiniulun  it  will  be 
noted  that  the  uiiricuhir  rim  tract  ion » 
inereaiw  irritduaity  tu  their  norrnal, 
while  the  ventricular  contraction* 
Is  tart  ofT  ut  full  j^tiength. 


THK    CAKDIvr    NKRVES. 


^alJv  in  the  terriipin,  the  inhibitory  fibers  may  be  found 
•lusively  or  mainly  in  tlie  riglit  %^agus. 

Analysis  of  the  Action  of  the  Inhibitory  Fibers,-  -The  proiii- 
feet  of  the  action  of  the  inhibit r»ry  iil>ers  is  the  slowing 
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FuL  24*>»'— To  jkhow  the  itihibition  of  tbr  lieart  from  ;«titiMjliitiDti  of  the  va^ji  in  th« 
Kecord  B  i*  the  blcmri-prt^^ure  tmiiiiff.  The  vaRun  wa.s  Htimulnted  twii^e.  The 
bi  z,  s,  indicate  tVie  LefpnninK  and  «*rnJ  uf  tin?  ^Iiiiiulij>.  llie  firnt  fftixnijLatJon  was 
k;  it  will  be  noted  that  the  heart  et^rapftl  and  beican  beating;  before  the  utiinuJuft  was 
Himwi>.  Tlie  *eixiiid  ?itiintjlus  wa.-^  ?trorijaMT;  tKe  itihibttiun  laMed  ivume  time  after  re- 
nd of  the  9tirnulu«.  TliP  iipp*r  rur\'eiA>  is  a  plethysmopniphie  loneameler)  tractng: 
M  volume  nf  the  kidney' .  It  wiM  be  noted,  that  when  the  heart  Htnps  and  blcxid-preHaitre 
I  ibe  kidftioy,  like  the  other  orimns,  dimini«ihefl  in  vohime.      i  Dawnmh.) 

B\b  rate  of  tlie  heart  l>eat.  Numerous  observei-s  have  called 
tion  to  the  fart  that  the  vapis  fibers  may  also  eause  a  weaken- 
\  in  the  force  of  the  i>eat  as  well  as  a  slowinp;  in  the  rate,  or, 
teeth  the  two  effects  may  be  obtaincfl  separately.  This  fact  has 
m  shown  especially  for  the  an  rides.*  In  the  heart  of  the  terrapin 
J  may»  by  using  weak  stimuli,  obtain  only  u  weakening  of  the 
iciilar  beats  without  any  interference  with  the  rate  (Fi^.  241), 
ile  by  increasing  the  stimulus  the  slowing  in  rate  becomes  evident 
♦  Baylies  and  Starling,  ''Journal  of  Physiology/'  13,  410,  1892, 
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combiiieii  with  a  diminution  in  fon-e  or  extent.  Althou( 
foire  tif  the  hoat  omy  ii€  influenced  without  altering  the  ra 
reverse  does  not  hold,  rsiutliy,  for  tlie  aiiriele,  at  least,  any  st 
that  sh>ws  the  beat  also  weakens  the  individual  heat.  W 
the  vagus  fibers  exercise  a  similar  double  influence  directli 
the  \entricle  is  not  so  clear.  Some  observers  find  that  wl 
ventriele  is  inhiliited  the  beiits,  although  slower,  are  stronger 
others  obtain  an  opposite  result.  It  seems  pmlmble,  as 
by  Johansson  and  I'igerstedt.  that  the  result  oljtained  c 

largely  on  the  strength  of  st 
useti.  These  oljservers  founf 
with  rt*latively  w^eak  stimt 
con  tractions  of  the  ventricle, 
slower,  are  stronger,  whiJ< 
stronger  stimuli  the  contraeti 
diminisheti  in  strength  as  1 
rate.  The  question  is  eotnf 
l)y  the  difficulty  of  sej^ami 
direct  effect  of  the  vagU9  » 
ventricle  from  the  indireet 
brought  about  by  the  change 
auricular  beat.  The  Inhlbiti 
fluence  makes  itsc*If  felt  ab(| 
the  conductivity  of  the  heart 
fact  has  l>een  noted  b^'  8e%'ei 
servers,  A  striking  example 
in  the  ease  of  partial  heart 
When  as  the  result  of  some 
or  pressure  in  the  auriciilt>\'ei 
lar  region  or  fn:»m  some  oth 
evidetit  cause  there  is  a  partial  block,  so  that  the  vent  rid 
tracts  once  to  two  or  three  heats  of  the  auricle,  vagus  stimi 
may  l>e  followed  at  once,  as  an  after-effect,  by  a  return 
normal  l>eat,  a  re-estalvlislinient  of  a  one-to-one  rhythm* 
other  circumstances  the  contrary'  effect  of  vagus  stimi 
has  been  descril>eLL  T>om  the  results  cited  it  seems  evidd 
the  vagus  ner^'e  may  affect  the  rate  and  the  force  of  th 
tractions,  and  also  the  conductivity  or  the  propagation 
wave  of  (*xcitation.  These  separate  influences  have  l>een  r 
by  some  authors  to  the  exii^tence  of  tOfferent  kinds  of  nervT 
each  exerting  its  own  influence,  but  it  seems  preferable  to  a 
on  the  contrary,  that  only  one  kind  of  filler  is  present,  «& 
its  influence  on  tlie  nu*talx>lic  changes  in  the  heart  muscle  eJC 
itself  diilcrently  upon  the  s^everal  different  properties  of  tbi 
according  to  the  extent  of  its  action, 

•  See  TigereU^dr ,  "  Lehi  buch  der  Phj'siologie  des  Kreialaufe*,'*  188ft| 


Fjr.  241.— To  hh^tw  the  effect  of 
vaifUH  Htirn Illation  fin  the  force  onJiy  of 
the  nuripular  beat  in  the  terrapin's 
heArt:  A*  Rtwortl  of  lh«  uuncuLnr 
beat?;  Vr  record  of  the  ^lentrii-ulttr 
beat^.  The  van}i»  wa*  stimutated  be- 
tween X  and  X.  It  will  luc  noted  that 
the  ventricular  l:>eatM  are  not  af!«cte<i, 
and  th*t  the  atirirular  ijtenl*^  diminiiih 
in  0Xt«tit  Mirbout  uiiy  cbanf^  in  rate. 
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EDgelmann  has  made  the  most  complete  attempt  to  analyze  the  influence 
ixerted  by  the  cardiac  nerves  (inhibitory  and  accelerator).  He  designates 
base  influences  under  four  different  heads  with  the  further  supposition  that 
hey  are  mediated  by  different  fibers:  (1)  The  chronotropic  influence,  affecting 
he^rate  of  contraction,  positive  chronotropic  actions  causing  an  acceleration 
Bid  negative  chronotropic  actions  a  slowmg  of  the  rate.  (2)  The  bathmo- 
ropic  influence,  affecting  the  irritability  of  the  muscular  tissue ;  this  also  may 
«  positive  or  negative.  (3)  The  dromotropic  mfluence,  positive  or  negative, 
ifecting  the  conductivity  of  the  tissue.  (4)  The  inotropic  influence,  posi- 
iye  or  negative,  affecting  the  force  or  energy  of  the  contractions.* 

Does  the  Vagus  Affect  Both  Auricle  and  Ventricle? — The 
ihibitory  action  of  the  vagus  is  most  marked  upon  the  venous 
nd  of  the  heart,  and  the  question  has  arisen  as  to  whether  it  affects 
be  ventricle  directly  or  not.  Gaskell  gave  evidence  to  indicate 
liat  in  the  terrapin  the  auricle  only  is  inhibited,  the  ventricle  stop- 
ing  because  it  fails  to  receive  its  normal  impulse  from  the 
niicie.  When  this  heart  is  inhibited  the  contractions  of  the 
iiricle  after  cessation  of  inhibition  gradually  increase  in  amplitude 
Dtil  the  normal  size  is  reached ;  in  the  ventricle,  on  the  contrary', 
M  first  contraction  after  inhibition  is  of  normal  size  or  greater 
lan  normal  (see  Fig.  239).  When  a  block  is  produced  in  the 
Munmalian  heart  between  auricle  and  ventricle — ^by  clamping  the 
xinecting  muscular  bundle,  for  instance — stimulation  of  the 
igas  stops  the  auricle  only  f,  and  the  result  would  seem  to  indicate 
hat  the  vagus  affects  only  the  auricle,  unless  it  is  assumed  that 
le  clamp  has  interrupted  the  inhibitory  paths  to  the  ventricle. 
In  the  other  hand,  in  favor  of  the  view  that  the  vagus  fibers  reach 
18  ventricle  and  influence  its  beats  directly,  we  have  the  fact, 
nphasized  by  Tigerstedt,  namely,  that  when  the  connection 
ctween  auricle  and  ventricle  is  severed  suddenly  the  ventricle 
vquently  continues  to  beat  at  its  own  rhythm  without  any  obvious 
■use.  It  would  seem  from  this  fact  that  when  the  whole  heart 
{ inhibited  by  stimulation  of  the  vagus  the  ventricle  does  not 
X^  simply  because  the  auricle  fails  to  send  on  its  usual  contraction 
»ve,  since,  if  that  were  so,  cutting  off  the  auricle  or  clamping  the 
xinection  between  it  and  the  ventricle  should  also  bring  on  a 
utricular  pause,  as  happens  in  the  case  of  the  terrapin's  heart. 
'Seems,  however,  to  be  the  general  belief  of  those  who  have  experi- 
ented  with  the  subject  that  the  action  of  the  vagus  is  exerted 
ainly  upon  the  auricles,  and,  indeed,  there  is  some  evidence  t  that 
I  ^ect  is  felt  mainly  upon  that  small  portion  of  the  auricle  (the 
K>-auricuIar  node)  in  which  the  normal  heart-beat  takes  its  origin. 

Escape  from  Inhibition. — Strong  stimulation  of  the  vagus 
iy  .stop  the  entire  heart,  but  the  length  of  time  during  which  the 

^Englemann,  "Archiv  f.  Physiologie,"  1900,  p.  313,  and  1902,  suppl. 
une,  p.  1. 

fErlanger,  "Archiv  f.  d.  ges.  Physiologic, ''  127,  77,  1909. 
;  Flack,  "Journal  of  Physiology,''  41,  64,  1910. 
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heart  may  \ye  maintained  in  this  condition  varies  in  difiFerent  «peci» 
and  indeed  to  gome  extent  in  different  individuals.*     In  some  tw- 
mals— cats,   for  example^— the  strongest  stimulation  of  the  nervi 
serves  fi'ec|uently  only  to  slow  the  heart  instead  of  causing  oompktl^ 
standstill.     In  dogs  the  heart  is  stopped  by  relatively  weak 
lation.  althcmgh  if  the  .stimulation  is  maintained  the  heart,  as 
nile,  escapes  froui  the  inliihition.     In  some  dogs  the  heart 
be  held  inhibited  long  enough  to  cause  the  death  of  the  amml 
unless  artificial  respiration  is  maintained,  btit  usually  the  bttft 
l>eat  soon  breaks  through  the   complete  inhibition.     The  **iiuilf 
stimulus"  in  such  cases  increases  in  strengt^h  sufficiently  to  ove 
the  opposing  iiihil>itor}'  influence,  and  tins  circumstAiice  may  I 
regarded  as  an  argument  against  those  views  that  trace  the  ori^if 
the  *' inner  stimulus  *'  to  some  of  the  products  formed  during  tbee*^ 
tabolism  of  contraction.     Moderate  stimulation  of  the  vagus,  1 
cient  simply  to  slow  the  rate  of  beat,  can  be  maintained  without  c 
nution  in  effect  for  ver>*  long  periods;  indeed,  as  is  explained  m( 
next  paragraph,  the  heart  beat  is  kept  partially  inhibited  more<j 
less  continuously   through   life  by  a  constant   activity  of 
vagus.     In  the  cold-blooded  animals,   especially   the  t€ 
the  heart  may  be  kept  completely  inhibited  for  hours  by  t 
latiivn  of   the  vagus.      Mills  reports  that  he  has  kept  the  i 
of  the  terrapin  in  this  condition  for  more  than  four 
Most  observers  state  that  complete  inhibition  can  be  maint 
for  a  longer  time  wiieii  the  stimulus  is  applied  altemaldy  I 
tlie  two  vagi,  but  it  is  possible  that  this  result  is  due  to  tht  1 
that  continunus  stimulation  applied  to  a  nerve  usually 
in  some  local  loss  of  irritability* 

Reflex   Inhibition    of   the   Heart   Beat — Cardio-inhib 
Center. — The  inhil>itor>^  fil)ers  may  be  stimulated  reflexiy  by  i 
ujKin  various  sensorv  ner^^es  or  surfaces.     One  of  the  firet  ex 
mental  proofs  of  this  fact  was  furnisheii  hy  Goltz's  often-qu 
''Ktopfversuch/'J     In  tliis  experiment,  made  upon  frogs,  the  t 
server  obtained  stanrlstill  of  the  heart,  by  light,  rapid  taps  OD  1 
abdomen,  and  the  effect  upon  the  heart  failetl  to  appear  when  I 
vagi  were  cut.     In  the  mammals  everv^  labomtor\'  worker  ha«l 
numerous  opportunities  to  ol>ser\'e  that  stimulation  of  the  i 
stumps  of  sensor>'  ner\^es  may  cause  a  reflex  slowing  of  the  i 
l>eat.    The  effect  is  usually  ver>'  marke<l  when  the  central  sta 
of  one  vagus  is  stimulated,  the  other  vagus  being  intact. 
vagus   carries    afferent   fibers    from    the   thoracic    and 
viscera^  an<l  most  observers  state  that  the  heart  niay  he 
inhibited  most  readily  by  simulation  of  the  sensorj*  surfae«9J 

♦See  Hotjgin  'Journal  of  Physiology/'  18,  161,  1895* 

t "  Jouraalof  Physiology, "  0,  24a 

JGolU,  **  Virchow'fi  Ajrchiv  f.  pathoK  Aaatomie,  etc.,"  26»  11,  1§Q3. 
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he  abdominal  viscera,  by  a  blow  upon  the  viscera,  for  example, 
tt  by  sudden  distension  of  the  stomach.  In  man  similar  results 
lie  noticed  very  frequently.  Acute  dyspepsia,  inflammation  of 
ihe  peritoneum,  painful  stimulation  of  sensory  surfaces, — the 
estes,  for  instance,  or  the  middle  ear, — may  cause  a  marked  slowing 
rf  the  heart, — a  condition  designated  as  bradycardia.  What 
akes  place  in  all  such  cases  is  that  the  afferent  impulses  carried 
iito  the  central  nervous  system  reflexly  stimulate  the  nerve  cells 
Q  the  medulla  which  give  origin  to  the  inhibitory  fibers.  These 
dls  form  a  part  of  the  great  motor  nucleus  (N.  ambiguus)  from 
rfiich  arise  the  motor  fibers  of  the  vagus  and  the  glossopharyngeus. 
lie  particular  group  of  cells  from  which  the  inhibitory  fibers  to  the 
«art  originate  has  not  been  delimited  anatomically.  Efforts  have 
•een  made  to  locate  them  by  vivisection  experiments,  but  this 
aethod  has  shown  no  more  perhaps  than  that  they  are  found  in  the 
^n  of  origin  of  the  vagus  nerve.  Physiologically^  however,  this 
roup  of  cells  forms  a  center  which  is  of  the  greatest  importance  in 
ootrolling  the  activity  of  the  heart.  It  is  designated,  therefore,  as 
be  cardw-inhibitory  center.  We  may  define  the  cardio-inhibitory 
Bnter  as  a  bilateral  group  of  cells  lying  in  the  medulla  at  the  level  of 
be  nucleus  of  the  vagus  and  giving  rise  to  the  inhibitory  fibers 
f  the  heart.  The  two  sides  are  probably  connected  by  commis* 
ml  cells  or  else  each  nucleus  sends  fibers  to  the  vagus  of  each 
ide.  Through  this  center  all  reflexes  that  affect  the  heart  by  way  of 
be  inhibitory  fibers  must  take  place.  These  reflexes  may  be  occa- 
kmed  by  incoming  sensory  impulses  through  the  spinal  or  cranial 
erves,  or  by  impulses  coming  down  from  the  higher  portions  of 
be  brain.  The  center  may  also  be  stimulated  directly,  either  by 
leasure  upon  the  medulla,  which  may  give  rise  to  slow  heart  beats 
r^as  they  are  sometimes  called,  vagal  beats,  or  by  changes  in  the 
omposition  of  the  blood.  With  regard  to  the  reflex  stimulation  of 
lis  center  it  is  important  to  bear  in  mind  the  general  physiological 
lie  that  afferent  impulses  may  either  excite  or  inhibit  the  activity 
f  nerve  centers.  In  the  former  case  the  heart  rate  would  be 
owed,  in  the  latter  case  it  would  be  quickened  if  the  center  were 
teviously  in  a  state  of  activity. 

The  Tonic  Activity  of  the  Cardio-inhibitory  Center.— The 
ds  of  the  cardio-inhibitory  center  are  in  constant  activity  to  a 
witer  or  less  extent.  As  a  consequence,  the  heart  beat  is  kept  con* 
Bually  at  a  slower  rate  than  it  would  normally  assume  if  the 
Ubitory  apparatus  did  not  exist.  This  tonic  activity  of  the  vagus 
beautifully  exhibited  by  simple  section  of  the  two  vagi,  or  by  inter- 
pting,  in  some  other  way — cooling,  for  example — the  connection 
tween  the  center  and  the  heart.  When  the  two  vagi  are  cut  the 
art  rate  increases  greatly  and  the  blood-pressure  rises  on  account 
the  greater  output  of  blood  in  a  unit  of  time  (Fig.  242).  Section 
37 
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of  one  vagus  gives  usually  a  partial  effect,~that  is,  the  heail4 
18  increased  somewhat, — but  it  is  still  further  increased  by 
of  the  second  vagus.     The  exact  re.sult  obtained  when  the  nem^ 


Fir.    242.— To  nlmw  the  effect  of  section  of  the  two  va^p  in  the  doK 
heart  Deftt  and  th*  bU>i«d-priP-:Mjre  :    1  markf*  the  wction  of  the  vasus  on  the 
2,  ieetton  of  the  ^eeortd  va4ini.'f.     The  Qumeiuld  an  thevertiea)  mark  iba  ' 
the  numeralH  on  the  blood-prejisure  record  give  the  rat«  of  heart  beaMw     (- 


severed  separately  varies  undoubtedly  with  the  conditiofiSr^ 
instance,  with  the  intensity  of  the  tonic  activity  of  the 
Throughout  life,  speakini^  in  general  terms,  the  cardio-iJ 
center  keeps  the  *  brakes''  on  the  heart  rate,  and  the  ext 
action  varies  under  different  eontlitions.  When  its  tooie  i 
increased  the  rate  becomes  slower;  when  it  is  decreased  the 
becomes  faster.  In  all  probability,  this  tonic  action  of  the 
like  that  of  the  motor  centers  generally,  is  in  reality  a  reflcix 
That  is,  it  is  not  due  to  automatic  processes  generated  witbitt 
nerve  cells  by  their  own  inetal)ulism  or  by  changes  in 
liquid  environment,  but  to  stimulations  received  through  seol 
nervas.  The  continuous  though  varying  inflow  of  impubttl 
the  central  nervous  system  through  different  nerve  paths 
the  center  in  that  state  of  permanent  gentle  activity  whidi 
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^te  as  "tone."  It  is  possible,  of  course,  that  certain 
(rent  paths  may  be  in  specially  close  functional  relationship 
the  center,  and  the  fact  that  at  each  heart  beat  its  own 
my  fibers  are  stimulated  (p.  604,  Fig.  280)  would  suggest 
[these  fibers  may  have  this  function. 

be  Action  of  Brags  on  the  Inhibitory  Apparatus.— The 

mce  of  tfie  liihibitory  fibers  to  the  heart  furnishes  a  means 

plaining  the  eardiac  action  of  a  number  of  drugs, — atropin, 

uln  or  pilocarpin,  nicotin,  curare,  digitalis,  etc., — ^for  the 

B  of  which  reference  must  be  made  to  works  on  pharmacology.* 

iciion  of  the  first  three  named  illustrates  especially  well  the 

atJon  that  has  ijeen  made  of  physiology  in  modem  pharma- 

r,     Atropin  adniinistered  to  those  animals,  such  as  the  dog 

n,  in  which  the  inhibitory  fibers  of  the  vagus  are  in  constant 

^%  causes  a  cjiiickening  of  the  heart  rate.    Indeed,  the  heart 

BB  rapidly  as  if  l)oth  vagi  were  cut.    After  the  use  of  atropin, 

►ver,  stimulation  of  the  vagus  nerve  fails  to  produce  inhibition. 

ctioQ  of  atropin  is  satisfactorily  explained  by  assuming  that 

alyzes  the  emliogs  of  the  (postganglionic)  inhibitory  fibers 

\  heart  muscle,  just  as  curare  paralyzes  the  terminations  of 

lotor  fibers  in  skeletal  muscle.    Atropin  exercises  a  similar 

upon  the  nerve  terminations  in  the  intrinsic  muscles  of  the 

II  and  in  maoy  of  the  glands.    On  the  contrary,  when  mus- 

or  pilocarpi  n  is  administered  it  causes  a  slowing  and  finally 

lation  of  the  he^ui;  beat.     Since  this  effect  may  be  removed 

t  subsequent  use  of  atropin  it  is  assumed  that  the  two  former 

t  excite  or  stiniidate  the  endings  of  the  inhibitory  fibers  in 

eart  and  thus  bring  the  organ  to  rest  in  diastole,  as  happens 

nslectrical  stimulation  of  the  vagus  nerve.    Some  authors, 

aver,  believe  that  these  drugs  do  not  act  upon  the  terminab 

le  vagus  fibers,  but  upon  the  muscular  tissue  itself  or  upon  a 

ialixed  "  receptive  substance "    (Langley)   contained  in  the 

cle.    A  final  statement  cannot  be  made  upon  this  point,  but 

current  belief  is  that  the  atropin  paralyzes  while  the  muscarin 

ilocarpin  stimulates  the  endings  of  the  inhibitory  fibers  in  the 

tance  of  the  heart. 

lie  Nature  of  Inhibition. — Since  the  discovery  of  the  inhibi- 
nerves  of  the  heart  furnished  the  first  conclusive  proof  of  the 
ence  in  the  body  of  definite  nerve  fibers  with  apparently  the 
function  of  inhibition,  it  seems  appropriate  in  this  connection 
fer  to  the  views  regarding  the  nature  of  this  process.  Several 
■al  views  of  the  nature  of  inhibition  have  been  proposed,  but 
ne  that  is  most  definite  and  has  met  with  most  favor  is  that 

[yODSult  Cuflhney,  **  Text-book  of  Pharmacology  and  Therapeutics," 
elphia. 
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suggested  by  Gaskell  *  lliis  author  has  shown  that  the  after-cA 
of  stimulation  of  the  inhibiton^  fibers  are  l^eneficial  rather  than 
jurious  to  the  heart ;  that  is.  under  certain  circumstances  an  impK 
ment  iiiay  be  noticed  in  the  rate  or  force  of  the  l)eat  or  in  the< 
ductivity.  He  has  also  shown,  by  an  interesting  experiment  J 
during  the  state  of  inliiliition  the  heart  tissue  L^  made  increasii 
ele<:tropositive  in  comparison  with  a  dead  portion  of  the  tii 
To  show  this  fact  the  tip  of  the  auricle  was  killed  by  heat  and  thisi 
(a)  and  a  point  at  the  base  of  the  auricle  (b)  were  connected  wB 
galvanometer.  Under  such  conditions  a  strong  demarcation  j 
rent  was  obtained  flowing  through  the  galvanometer  from  b  I 
If  the  auricle  contracted  a  negative  variation  resulted*  si  nee  dw 
activity  b  became  less  ix>sitive  a.s  regards  a.  If,  on  the  conta 
the  auricle  was  inhibited  by  stimulation  of  the  inhibiton'  fl 
a  po.siiive  variation  was  obtained;  b  t)ecame  more  pod 
toward  a.  On  tlic  basis  of  such  results  Gaakell  concludes  1 
inhil>ition  in  the  heart  is  due  to  a  set  of  metalxilic  change*  ol 
opposite  cliaracter  to  those  occnrring  during  contraction,  la 
latter  condition  the  metal lolism  is  catabolie,  and  consists  ia 
breaking  dowTi  of  complex  substances  into  simpler  ones  witkii 
lilieration  of  enei^y  as  heat  and  work.  During  inhibition »  oa 
contran%  the  j^rocesses  ai-e  analjolic  or  synthetic  and  remit  ift 
formation  of  increased  contractile  material  whereby  tlie  f<mJj 
of  the  heart  is  improved.  He  would  regard  the  inhibitor^'  " 
therefore,  as  the  anabolic  ner\^e  of  the  heart  and  their  com 
action  throughout  life  as  an  aid  to  the  nutrition  of  the  heart 
same  general  \iew  may  be  extent  led  to  all  cases  of  inhiliitioDt. 
Gaskell  l>elie%^e«  that  all  nuiscnlar  tissues  are  supplied  with 
(inhibitor}^)  and  catabolic  (motor)  fibers^f 

A  more  sj>ecific  theory  applicable  to  the  case  of  the  heart  has  becsipitn 
by  the  author.  J      In  experiments  made  u]Kin  the  isolated  heart  oi  tbtH 
has  been  shown  that  during  Btimukition  of  tlie  vagtis  potAssium  la  cfiflM 
form  is  given  off  from  the  heart  musele  i  auncle8).     It  is  known  ttimt  poM 
aalis  in  a  certain  concentration  in  the  circulatini?  liquid  will  bnt^r  the  I 
to  a  stand-still,  and  the  ntnte  of  jKitaiisium  inhibition  thus  produeeu  wart 
very  dosely  the  state  of  vagus  inl  libit  ion.     Since  the  vaffus  wbeo  stioM^ 
Uberates  potasBtum  in  a  diffusible  form,  it  U  suggested  that  it«  aictil 
stopping  the  lieart  i.s  I'lTceted  tlirough  tlie  ugeney  of  this  cubetolia^ 
potassium  exists  in  large  percentage  in  the  heart-muacle,  but  in  ft  eool 
fonn,  and  the  ihetiry  assnniej*  that  the  vagus  impulses  initiate  a  dMfd 
or  cleavage  uf  sume  eort  which  setn  free  some  potassium  in  soluble  fotS 
it  is  aasumed  that  this  Ulceration  takes  place  in  the  part  of  the  ho^rt  isf 

*  Gaskel!,  ^Thilosophical  Transactions  of  the  Royal  Society/*  L* 
Cr<3onian  I^^cture.  part  in,  1S82;  "Journal  of  Physiologys"  7,  4/6;  and! 
and  Eyater,  "Amorican  Journal  of  Phystologii'/'  30,  271,  1912. 

t  For  a  general  discussion  of  this  idea  and  of  l!ie  importance  of 
actions,  see  Mcl^^er,  **Inhibition,"  "New  York  MwJical  Jounml/' 
20,  27,  1899, 

t  Howell  and  Duke,  **Americaii  Journal  of  Physiology,"  21*  51* 
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ifnnatf«,  the  theory  offers  a  simple  explanation  of  the  stoppage  of 
j  of  the  quick  recovery  after  stimulalion  ceases^  and  of  the  retention 
*litv  to  clireet  stimuJa- 
by  the  heart  during 
tibitioD.     A  heart  that 
I  !=- topped  by  an  excess 

Sum  chloride  added  to 
I  ting  liquid  beats  very 
f  as  soon  as  the  excess 
iasfldum  is  removeii,  and 
leaae  of  vagus  inhibition 
liften  to  show  a  notice- 
poveTnent  in  condition. 

t  the  inhibitor}^  ef- 
t  the  vagus  im- 
ppon  the  heart  is 
1 1«  any  peculiarity 
perties  of  these 
&  of  the  impulses 
^,  but  is  depend- 
ier  upon  the  place 
|er  of  ending  in  the 
thas  been  demon - 
I  by  diixTt  experi- 
prlanger*  has  shown 
aen  an  ordinary 
Brve  (fifth  eervicul) 

I  to  the  peripheral 

J  cut  vagus,  it  will, 
he  for  regeneration 
allowed,    cause, 

riulated,  the  usual 
of  the  heart, 
J  Course  of  the  Ac- 
lor  Fibers.— The 
ceives    efferent  or 
aerve    fibers   from 
pathetic  system  in 

\  to  those  reaching  it  by  way  of  the  vagus  nerve.  Atten- 
first  called  to  these  syntpathetic  fibers  by  Legalloia 
>ut  our  recent  knowledge  dates  from  the  experiments 
vnn  Bezold  (1862),  which  were  afterward  completed 
l^on  brothers — M.  and  E.  Cyonf — ^1866.  These  fibers 
lulated  cause  an  increased  rate  of  beat  and  are,  there- 
ited   as   the   accfderator  nerve  of   the  heart.     Their 


Fig.  243, — SobeniAtic  repreaent»txoti  nt  the 
ftounw  of  the  Accelerator  fibers  to  the  <iQg'«  heurt 
—  right  side. — K MtHjifieti  from  Pawt<!ni\\  The  ayin- 
jtBthelic  nerve  i*  represented  in  »olid  bUck.  The 
eourssc  of  the  accelerator  fibers  L-*  itidicaled  by  aj^ 
rows,  /r  Cervical  flywipalbetic  foiiibjned  in  neck 
with,  10,  the  vajpuit;  /f,  iU^  IV ,  rami  conimuni- 
caateH  from  the  second «  third,  and  fourth  thoracic 
«pinal  nerv«fir  carryiitg  mriat  of  the  accelerator  li- 
bera to  the  aym pathetic  chain ;  7,  annulu.N  of  Vieus** 
tcn&',  S,  inferior  cervical  ganghun;  2,  3,  4,  5, 
braDche»  from  vngus  and  vago-sym pathetic  trunk 
going  to  cardiac  plexu»  fwrne  of  thepe7-3,  5,- 
carr>'  accelerator  fib 
oerve. 


Qbera;   9,  the  inferior  Jarynge&l 


r,  ** American  Journal  of  Physiology,"  13,  372,  XWih. 
;  histon^  arid  literature  of  the  accelerator  nervea.  see  Cyon,  article 
.  103,  in  Richfit'H  "Dictirmntiirc  de  Phvsiologie,  *  1900;  or  Tiger- 
irbuch  der  Physiologie  dc**  Kreiskufes/'  260,  189i3. 
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course  has  been  worked  out  physiologically  in  a  ntrf 
animals.  Among  the  mamnmha  and,  indeed,  among  ( 
animals  of  the  same  species  there  Is  some  variation,  but  a 
conception  of  their  origin  and  course  may  be  obtain) 
Figs,  243  and  244,  which  represent  in  a  schematic  i 
anatomical  path  taken  by  these  fibers.  They  emerge  I 
Bpinal  cord  in  the  anterior  roots  of  the  second,  third,  an 

thoracic  spinal  nerves. 
ing  to  some  authors  tl 
be  found  also  in  the  G 
racic,  the  first  thoracie, 
the  lower  cervical  epini 
They  pass  then  by 
white  rami  to  the , 
first  thoracic  gangli 
thence  by  way  of 
of  Vieussens  (ansa  i 
to  the  inferior  cervical  | 
A  number  of  1 
the  sympathetic  s;  l 
vagus  in  this  region  U 
the  cardiac  plexus  an^ 
to  the  heart.  The  ac 
fibers  are  found  in  some 
branches,  mixed  in  soi 
with  inhibitory  fibers  1 
vagus.  In  the  eat  Bo 
described  a  special  brao 
vus  accclerans)  which  n 
the  stellate  ganglion  dii 
the  cardiac  plexus  {Ft 
The  pregangHonic  portion  of  some  of  the  accelerator  fib 
around  the  ganglion  cells  in  the  first  thoracic  gang^i 
others  apparently  make  their  first  termination  in  tB 
cervical  ganglion.  The  accelerator  fibers  may  be  stiOT 
the  spinal  roots  in  which  they  emerge  (IL  HI,  IV),  in  the  I 
or  in  some  of  the  branches  that  arise  from  the  annulus 
the  inferior  cervical  ganglion  (5,  3,  2).  It  will  be  borne 
that  no  accelerator  fibers  are  found  in  the  cervical  sym: 
above  the  inferior  cervical  ganglion. 


FiK.  244.^-Sketch  to  show  the  accd- 
smtf>r  lanrj  augriK'ntor)  branchi'-^  from  the 
steLlate  gani^liioii  (in  the  cat^  left  aide):  !« 
llie  ventral  bmnch  of  the  annulus  iansa 
0ubclavui);  2,  nmtJi  braneh  not  ootLBtently 
present;  3,  BoehmVet  acc«]«mtor  n«rve 
(N.  cardi&cua  e  saDKlia  HtcUato). 


At  varirais  times  in v ft; ti gators  luive  aHserted  that  acceler 
contained  also  in  the  vagus  nerve.     Thus,  it  ha*s  been  shown 
paralysis  of  thct  inhibitory  fibers  in  the  heart  by  atropin,  stimil  . . 
vagufl  causea  an  acceleration  of  the  lieart.     Little  atteniion  has  be 
the  physiolo^  of  these  fibens,  since  it  KceniM  evident  that  the  grrmt 
aocelfirators  la  made  via  the  sympathetic  eyHtejoi, 


crall 


I  acceleration  pure  and  simplej^that  is,  ttie  rate  oi  Deal  is 


f— T&  show  thn  neeelermtkio  of  the  heart-rate  in  dog  upon  atimulation  of  ibe 
tors.  The  upiwrmost  line  gives  the  beart>rat«  um  recordfci  by  a  Htirthlc  iiJianoinetpr 
the  carotid;  rhe  middle  line  indieataa  the  beginning  Rfid  dumtion  of  the  stimulus 
iuctioo  sh«3ok9);  the  bottora  liiic!  marki  seeotidB.  The  pultc^-rato  wa«  incrcnA^d 
,35  per  minul4!.     The  heart  did  not  recover  iU  norroal  rate  uutU  thirty  i!e>coDds 


without  any  evidence  of  an  iiuvreiuse  in  the  force  of  the 
\xe  larger  numljer  t>f  l>eats  is  offset  by  the  s^maller  aiiiplitutle 
At;  so  tfiat  the  l>loott-pre.ssure  in  the  arteries  is  unehanged. 
Bses  the  effect  upon  the  heart  may  be  an  increase  not  only 
tt  also  in  the  force  or  amplitude  of  the  beats,  or  the  rate 
ain  unaffected  and  only  the  amplitude  of  the  heart 
inereasetL  For  these  reasons  most  authors  favor  the 
i  the  accelerator  nerves,  so  called,  contain  in  reality 
pf  fibers,  one,  the  accelerators  proper,  whose  funetit'jn 
to  aecelerate  the  rate,  and  one,  the  augmentors,  that 
lore  forcible  beat.     The  augmenting  action  is  obtained 

Hwim   thft  Ti«rVRR  nf  thp  ipft  Rid  ft. 
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When  these  nerves  are  cut  upon  bothsidesthe  heart  rateisde 

We  must  believe,  therefore,  that  under  normal  condition?  \h*'\ 
muacie  is  under  the  eonatant  control  of  two  antagonistic  influ* 
ences,  one  through  the  inhibitory  fibers  tending  to  slow  the  nit, 
one  through  the  accelerator  fibers  tending  to  quicken  the  rate,   Tk 
actual  rate  at  any  moment  is  the  resultant  of  these  two  infl\ieoc«^ 
While  such  an  arrangement  seems  at  firet  sight  to  be  mmeccswy 
from  a  mechanical  standpoint,  it  is  doubtless  true  that  it  poaseeai  I 
some    distinct    advantage.     Possibly    it   makes   the   heart  ©flw 
promptly  responsive  to  reflex  regulation.     Balanced  mechamsmi 
of  tliis  kind  are  foimil  in  other  parts  of  the  bo^ly  where  smooth lod 
prompt  reactions  to  stimulation  seem  to  be  especially  neceaaanr,— j 
for  example,  the  constrictor  and  dilator  fibere  of  the  iris,  the  et 
tensor  and  flexor  muscles  of  the  joints,  etc*     Physiologists  hn  | 
studied  experimentally  the  effect  upon  the  heart  of  ^timulsliD{ | 
simyltaneuualy  the  inbil)itnry  and  the  accelerator  nerves.    Tlitj 
work  done  upon  this  subject  by  Hunt  seems  to  make  ilTtryj 
certain  that  in  all  such  cases  the  result,  so  far  as  the  nil«»j 
concerned,  is  the  algebraic  sum  of  the  effects  of  the  sepanlt] 
stimulations  of  the  nerve*     The  inhibitor^'  and  the  arceleriUif  j 
fibers  must  be  considered,  therefore,  as  true  antagonisi.*^,  actingi 
in  opposite  ways  upon  the  heart*     The  existence  of  the  ikccei-j 
erator  nerves  makes  possible,  of  course,  their  reflex  stimulalioa*! 
Experimentally  it  is  found  that  stimulation  of  various  scnsoff I 
nerves — those  of  the  limbs  or  trunk,  for  instance— may  caua 
reflexly  either  an  increase  or  decrease  in  the  heait  rate,  and  i 
a  matter  of  experience  we  know  that  our  heart  rate  may  I 
increased  by  various  changes,  particularly  by  emotional 
The  natural  explanation  of  such  accelerations  is  that  ther  \ 


Fin.  246. — To  show  the  acceleration  aod  ftii£meniKtion  produced  by  m  ptroiic 
XsolAtedl  c&Va  h^^rt,  »ttmuliilioii  on  left  mile.  Ttie^  upper  curve  sive*  th*  %' 
ooDtnM}..ioii0,  the  lowt*r  oivp  the  Auricular  con  (Tactions,  Tlir  loweraicwt  Htm 
time  Ja  seconda  and  the  line  above  indicate.*  the  duration  of  Uie  PtimuLatJoa  td 
erator  nerve. 
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due  to  reflex  stimulation  of  the  nerve  cells  in  the  central  i 
system  which  give  rise  to  the  accelerator  fibera.     But  anotl 
point  of  view  is  pos^sible.     An  increase  in  heart  rate  may 
brought  about  either  by  a  reflex  stimulation  of  the 
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ibers  or  by  a  reflex  inhibition  of  the  cardio-inhibitory  center, 
iunt  especially  has  presented  many  experimental  facts  which 
Ddicate  that  an  increase  in  heart  rate  from  reflex  action  may  be 
Hfoduced  by  an  inhibition  of  the  tonic  activity  of  the  cardio- 
(ihibitory  center.  He  finds,  for  instance,  that  when  the  two 
agi  are  cut  stimulation  of  various  sensory  nerves  fails  to  give 
ny  merease  in  the  already  rapid  heart  rate,  while,  on  the  con- 
nry,  when  the  two  accelerator  paths  are  cut  a  reflex  increase  in 
eart  rate  may  be  obtained  readily.  The  negative  result  after 
revious  section  of  the  vagi  may  well  be  due,  however,  to  the 
let  that  the  heart  is  then  beating  at  a  very  rapid  rate,  too 
ipid  for  the  production  of  an  additional  acceleration  through 
be  ordinary  physiological  mechanism.  Acting  on  this  view, 
[ooker*  has  shown  that  if  the  heart  is  kept  slowed  by  artificial 
Emulation  of  the  peripheral  end  of  the  vagi,  then  various 
HiBory  stimuli  will  provoke  a  reflex  acceleration  which  can 
nly  occur  through  the  accelerator  center.  In  addition,  Hering  f 
as  given  experimental  evidence  to  show  that  the  acceleration 
f  the  heart  following  upon  muscular  exercise  does  not  occur 
'hen  the  accelerator  nerves  are  cut,  a  fact  which  also  seems 
)  show  that  these  nerves  may  be  reflexly  stimulated.  We 
lay  conclude,  therefore,  that  the  accelerator  and  the  inhibitory 
bers  are  working  constantly  on  the  heart,  and  that  its  rate 
the  resultant  or  algebraic  sum  of  their  effects,  and 
lat  sudden  changes  in  this  rate,  such  as  follow  from  sensory 
psychical  disturbances  of  any  kind,  may  be  referred  to  a 
Bex  effect  upon  either  the  cardio-inhibitory  or  the  accelerator 
itar.  While  physiology  has  demonstrated  the  general  properties 
the  regulating  nerves  of  the  heart,  the  inhibitory,  on  the  one 
,  and  the  accelerator  and  augmentor  on  the  other,  it  is  necessary 
more  work  to  be  done  in  order  to  explain  satisfactorily 
^nerves  participate  in  the  various  normal  and  pathological 
'  late  and  force  of  beat. 


ator  Center. — The  accelerator  fibers  arise  primarily  in 
I  nervous  system.  Since  stimulation  of  the  upper  cervical  region 
1  esiifles  acceleration,  it  seems  evident  that  the  path  must  begin 
I  in  the  brain.     It  has  been  assumed  that,  like  the  inhibitory  fibers, 

rkh  starts  in  the  medulla,  and  that,  therefore,  the  cells  in  that  organ 
give  rise  to  the  accelerator  fibers  constitute  the  accelerator  center 
m^  which  reflex  effects,  if  any,  take  place.  As  a  matter  of  fact,  the 
iion  of  these  cells  of  origin  has  not  been  made  out  satisfactorily.  The 
ter  offers  unusual  difiiculty  on  the  experimental  side,  owing  to  the  existence 
be  cardio-inhibitory  center  in  the  medulla  and  the  absence  of  any  entirely 
tfactory  method  of  distinguishing  certainly  between  reflex  acceleration 
ug^  this  center  and  through  the  accelerator  center. 


*  Hooker,  "American  Journal  of  Physiology,"  19,  417, 
t  Hering,  ''Centralblatt  f.  Physiol.,'^  1894,  viii.,  75. 
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THE  RATE  OF  THE  HEART  BEAT  AND  ITS  VARU- 
TIONS  UNDER  NORMAL  CONDITIONS. 

The  rata  of  heart  beat  changes  quickly  in  response  to  vamtioiil 
in  either  the  internal  or  external  conditions.  Therein  lies,  in  fict, 
the  great  value  of  the  regulator)^  { inhibitors"  and  accelerator)  nervtf^ 
Through  their  agency,  in  large  part,  the  pmnp  of  the  cixruktititt a 
reflexly  adjusted  to  suit  the  changing  needs  of  the  organisni  lodJ 
adapted  more  or  less  successfully  to  alterations  in  the  extenai| 
environment*  The  variations  in  the  rate  of  beat  may  be  i 
under  three  general  heads:  (I)  Fixed  adjustments  to  the  difffl 
mechanical  conditions  of  the  circulation,  (II)  V^ariations 
by  reflex  effects  upon  the  inliibitory  or  accelerator  nerv^es.  (Ill) 
Variations  caused  by  changes  in  the  physical  or  chemical  condition* 
of  the  blood. 

The  Fixed  Adjustments  of  Ratc.^When  we  speak  rf  th  j 
nonual  pui^  rate  we  mean  the  rate  in  an  adult  when  in  a  condilii  j 
of  mental  and  bodily  reiK>se,  Examination  shows  that  under  tli«*| 
ciieumstances  there  are  great  individual  variations.  The  aven^i 
normal  rate  for  man  may  be  estimated  at  70  beats  per  minttteji 
for  woman,  78  to  lSO  beats;  but  the  nonnal  rate  for  some  individu»''| 
may  be  much  lower  (50)  or  much  higher  (90).  Among  therflfl***! 
tions  for  which  the  heart  rate  shows  a  certain  constant  fixed  adftf«^*| 
tion  the  following  may  be  mentioned: 

VarmUon^  rnith  Sex, — ^The  average  pulse  rate  in  womiBahi 
a  rule,  higher  than  that  in  men,  and  thia  difference  seem^U)! 
for  all  periods  of  life. 

VaritUion^  wUh  Size. — ^Tall  indi\dduals  have  a  slower  p»jl*j 
rate  than  sliort  persons  of  the  same  age.  Several  obeen'cis  ^^i 
thouglit  that  they  could  detect  a  constant  relationship  betire«l 
size  and  pulse  rate*  Thus,  Volkmann  believed  that  the ; 
rate  varies  inversely  as  the  five-mnth  power  of  the  height, 
the  same  direction  it  is  found  that  small  animals,  as  a  rule,  l*i^ 
a  higher  pulse  rate  than  larger  ones.  Thus,  elephant, 
horse  and  ox,  36-50;  sheep,  60-a);  dog,  10(K120;  rabWt,  W 
mice,  700.  The  smaller  the  animal,  speaking  generally,  the  I 
rapid  is  the  consumption  of  oxygen  in  its  tissues,  and  the  mf\ 
demand  for  oxy^geu  is  met  by  an  acceleration  of  the  flow,  du^* 
the  quicker  beat  of  the  heart.  According  to  Buchanan*  the  I 
of  the  canary  beats  at  the  extraordinary  rate  of  UMXI  per  mil 
♦BuchaiiaD,  ** Science  Progress,"  July,  1910, 
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yoriaiions  with  Age. — ^In  line  with  the  last  condition  it  is  found 
lan  that  the  pulse  rate  is  highest  in  infancy,  sinks  quite  rapidly 
1st  and  then  more  slowly  up  to  adult  life,  and  rises  again 
itly  in  very  old  age  at  the  time  that  the  body  undergoes  a 
eptible  shrinkage.  The  most  extensive  data  upon  this  point 
bund  in  the  works  of  the  older  observers.*  According  to  Guy, 
idensed  sunmiary  of  the  average  results  obtained  at  different 
ds  of  life,  both  sexes  included,  may  be  given  as  follows: 

At  birth 140 

Infancy 120 

Childhood 100 

Youth 90 

Adult  age 75 

Old  age 70 

Extreme  age 75-80 

he  Variations  in  Pulse  Rate  Effected  through  the  In- 
oiy  and  Accelerator  Nerves. — ^Most  of  the  sudden  adaptive 
^  of  the  heart  rate  come  imder  this  head.  In  the  laboratory 
nd  that  stimulation  of  all  sensory  nerve  trunks  may  affect 
leart  rate,  in  some  cases  increasing  it,  in  others  the  reverse, 
e  we  find  that  the  pulse  rate  is  very  responsive  to  our  changing 
^ions  and  especially  to  mental  conditions  that  indicate  deep 
est  or  emotional  excitement.  In  a  previous  paragraph  (p.  583) 
physiological  cause  of  this  effect  has  been  discussed  briefly.  It 
arise  either  from  a  reflex  excitation  of  the  accelerator  nerves 
reflex  inhibition  of  the  tonic  activity  of  the  inhibitory  nerves. 
Tacts  at  present  seem  to  indicate  that  both  mechanisms  are  used. 
Idition  to  these  reflexes  associated  with  conscious  states  the 
bis  susceptible  to  reflex  influences  of  a  totally  unconscious  char- 
'  connected  with  the  states  of  activity  of  the  visceral  organs, 
example,  after  meals-  the  heart-beat  increases  usually  in  rate 
especially  in  force  of  beat,  thereby  counteracting  the  effect  on 
Ir-pressure  of  the  large  vascular  dilatation  in  the  intestinal  area. 
'^ariatUma  in  Heart  Rate  with  the  Condition  of  Blood-pressure. — 
a  long  been  known  that  when  the  blood-pressure  in  the  arteries 
the  pulse  rate  increases  and  when  it  rises  the  pulse  rate  de- 
les.  Thus,  the  low  blood-pressure  that  is  characteristic  of 
condition  of  surgical  shock  is  associated  with  a  very  rapid 
of  heart  beat.  There  is  a  certain  inverse  relationship  between 
(ure  and  rate  which  has  the  characteristics  of  a  compensatory 
tation.  The  quicker  pulse  rate  following  upon  the  low  pressure 
3  to  increase  the  output  of  blood  and  raise  the  pressure.  There 
formerly  much  discussion  as  to  whether  this  relationship  is 
ght  about  by  reflexes  through  the  extrinsic  nerves  of  the 
i  or  whether  it  is  due  to  some  direct,  perhaps  mechanical, 

See  Volkmann,  "Die  Hamodynamik,"  p.  427,  1850;  also  Guy,  article 
s"  in  Todd's  "CyclopaBdia  of  Anatomy  and  Physiology,"  1847-49. 
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efiFect  upon  the  heart.  The  expenments  of  Newell  M  '  'ii 
the  isolated  heart  seem  to  have  settled  the  matter  sat  y, 

By  a  method  devised  by  him  he  kept  dogs'  hearts  beating  I 
many  hours  when  isolated  from  all  connections  with  the  fiflj 
except  the  lungs.  Under  these  conditions  it  was  found  tl 
even  extreme  variations  in  blood-pressure  did  not  affect  ( 
heart  rate.  Consequently,  the  variation  that  does  take  pl( 
under  normal  conditions  must  be  due  to  a  stimulatioD  of ) 
cardiac  nerves.  A  rise  of  pressure  in  the  arteries  may  a| 
directly  the  cardio-inhibitory  center  or  it  may  affect  affel 
fibers  in  the  heart  or  arteries,  and  thus  refiexly  stimulate  1 
cardio-inhibitory  center.  This  point  has  been  the  subjecl 
a  number  of  investigations,  but  Eyster  and  Hookerf  apf 
to  have  demonstrated  that  both  methods  of  stimulation  t^ 
High  arterial  pressure  ulTects  the  medullary  center  dirftj 
and  thus  slows  the  rate,  but  it  affects  also  certain  sensory  fit 
in  the  aorta  at  or  beyond  the  arch,  and  through  them  caua 
reflex  slowing, 

Vanalions  mlh  Mumular  Exercise. — It  is  a  matter  of  eveij 
experience  that  the  heart  rate  increases  with  muscular  exEll 
A  simple  change  in  ]x>sturc,  in  fact,  suffices  to  affect  the  hi 
rate.  The  rate  is  higher  when  stamiing  (80)  than  when  m 
(70)  and  higher  in  this  latter  condition  than  when  lying  M 
(66)*  Unusual  exertion,  as  in  rimning,  causes  a  ver>*  marke<l| 
long-lasting  increase  in  the  puise  rate.  The  beneficial  chani 
of  this  adaptation  is  very  evident.  Increase  in  muscular  actii 
calls  for  a  more  rapid  circulation  to  supply  the  oxygen  and  <4 
elements  of  nutrition,  but  the  physiological  meclianism  by  wlj 
this  adaptation  is  obtained  is  not  explained  satisfactorily.  Jol 
son 4  who  has  studied  the  matter  carefully,  concludes  tliat 
effect  is  due  mainly  to  two  causes:  First,  to  the  effect  of  the 
ical  proihiets  of  metabolism  in  the  active  muscle,  w^hich  are 
off  to  the  circulation  and  are  then  carried  to  the  nerv*e 
where  tlie\'  affect  the  cardiac  nerves,  or  jxj&sibly  to  an  eff«| 
these  metabolic  products  on  the  heart  directly.  He  considers  j 
factor  as  of  relatively  subordinate  importance.  Second,  the  d| 
factor  is  foun<l  in  an  associated  activity  of  the  accelerator  nert 
That  is,  the  (Hscharge  of  inipulses  along  the  voluntary'  motor  pi| 
(pyramidal)  sets  into  activity  at  the  same  time  and  proporticol 
the  center  of  the  accelerator  nerve  fibers,  HeringS  suppj 
the  latter  part  of  this  explanation  to  the  extent  of  showing  I 
the  increase  in  heart  rate  after  muscular  exercise  is  depend 

♦Martin,  "Studies  from  ttie  Biological  Laboratory,  Johns  Hopki 
versit^"  2,  213.  1882;  also  ^'Collected  PhyisiolD^cal  Papere,"  p.  25, 
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e  integrity   of  the  accelerator  nerves.     On   the  other 

ter  prolongetl  or  excessive  miiscular  exertion  the  heart 

ains  aceelerateti  for  a  considerable  period  after  cessation 

ork — in  the  untrained  individual  at  least — a  fact  %vhich 

Ldicate  some  long-lasting  influence,  such  as  is  implied 

Bt  factor  given  above,  namely,  the  effect  of  the  products 

alar  nietaljolism. 

iions  with   the  Gaseaus  Conditiom  of  ih  Biimd.—\i\  con* 

rf  asphyxia   the  altered  gaseuus    contents    of  the  blood, 

b  CO,  and  decrease  in  Oj,  act  upon  the  medullar)*  centers 

O^ac  nerves,  causing,  first, 

ae  and  then  a  decrease  in 

e. 

Variations  in  Pulse  Rate 

Changes  in  the  Composi- 

Properties  of  the  Blood. — 

lit  ion  under  this  head  that 

Cost  marked  influence  upon 

\  rate  is  the  temjierature  of 

d.     Speaking  generally,  the 

Bat  increases  iTgidarly  with 

perature  of    the    blood    or 

culating  liquid  up  to  a  cer- 

mum  temj)eratiire.     On  the 

the  cold-bloodetl  animal  this 

hip  is  easily  demo nst rated 

y\\\g  the  heart  with  an  arti- 

iculation  of   Ringer's   solu- 

ch  can  l>e  heated  or  cooled 

ine.    The  nite  ami  force  of 

\  inerease  to  a  maxiomni, 

reached  at  about  .10'^  C. 
,  247).  Beyond  tliis  opti- 
njjerature  the  l>eats  decrease 
and  also  in  rate,  IxTOining 
or  fibrillar  l)efore  tlie  heart 
unes  to  rest,     Newell  Mar^ 

shown  the  same  relation- 
I  very  conclusive  way  ujKvn 
^ted  heart  of  the  dog. 
ihyeiological  limits  the  rate 
rises  and  falls  substantially  ijarallel  to  the  variations  in 
^ureas  is  shown  by  the  chart  rcpmciuced  in  Fig.  248.  The 
ed  heart  rate  in  fevers  is  therefore  due  probably  to  the 

tin/' Croon ian  Lecture,  Philosonhii-al  Traii5ac>tion»,  R»wal  Soe'vely," 
74,663,  1883;idao*'CollcHea  Fliysiologieal  Palmers/'  ji.  40,  1895. 


Fir.  247.— To  show  the  effect  oJ 
tcrnr>eraluirp  on  the  rate  and  force  oi 
tfie  heart  l»eut.  Contrortioti.H  of  ibe 
torrapin'^  ventricle  at  difTcrpnt  tefn-^ 
l«»rature«,  Kytnoffniph  moving  at 
the  ^mo  spwit  At  :W  the  rate  U 
still  increaMiig,  but  the  extent  of  con- 
miction  KaA  po^tted  it«>  optiiuucn. 
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^^H         direct  influence  of  the  high  temperature  upon  the  hear 
^^H         sfone  observer  determined  experiment  ally  the  uppi 
^^H        lethal  limits  of  temperature  for  the  manmialian  heart. 
^^H         ments  were  made  upon  cats'  hearts  kept  alive  by  ar 
^^H         latiun  through  the  coronary  arteries.*  It  was  found  t 
^^H         est  temperature  at  which  the  heart  w^ill  beat  is  about  i 
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although  a  slightly  higher  temperature  may  1 
special  conditions.     At  the  other  extreme  th< 
ceases  to  beat  wlien  the  temi)erature  falls  as 
The  rate  of  the  !ieart  beat  may  be  influence 
stances  added  to  the  blood.  The  influence  of  ai 

♦Martin   and    Applecart h,    ^'SHidics   from   the 
Johns   Hopkins  T'nivereity/'   4,   275,  IHm;   also   *'C 
Papere/^  p.  97,  1895. 
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Igss  aMjn^SkAy  been  alluded  to,  but  changes  also  in  the  normal  con- 
0tituezxt2J3  of  the  blood  may  have  similar  effects.  Thus,  an  increase  in 
the  soditxm  carbonate  of  the  blood  affects  the  heart  beat,  particu- 
Isrly  Jy^  regard  to  the  amplitude  or  force  of  the  contraction, 
whil®  "V^i^riations  in  the  other  inorganic  constitutents  may  have 
a  mar^k^xd  influence  on  the  rate.  The  most  significant  and  strik- 
ing fsL€srt^  in  this  connection  is  the  relation  of  the  potassium  salts. 
As  tli^^  <&mount  of  diffusible  potassium  is  increased  the  pulse 
rate  b^c^omes  slower  and  slower,  until  the  heart  stops  in  a  con- 
dition^   of  potassium  inhibition. 


CHAPTER  XXXII. 


THE  VASOMOTOR  NERVES  AND  THEIR  PHYSIO* 

LOGICAL  AcnvrrY. 

During  the  first  half  of  the  nineteenth  century  the  ph>*sic4lotl 
mechanical  conditions  of  the  circulation  were  carefully  sti 
great  emphasis  was  laid  ujkju  such  properties  as  the  eL 
the  coats  of  the  vessels.     The  physical  adaptability  therei)}'  coo- , 
ferred  upon  the  vascular  tube^  was  thought  to  be  sufficient  fortte 
purpfjses  of  the  circulation.     We  now  know  that  inany  of  the  blood- j 
vessels  are  supplied  with  motor  aj)d  iuhibitory  nerv^e  '  '  r^>n?k] 

whose  activity  the  size  of  the  vascular  l:>ed  and  the  itnoi 

blood  to  the  various  oi^gans  are  regulated.  We  know^  also,  tbi 
wthout  this  nervous  control  the  vascidar  system  fails  entirely  t«  j 
meet  what  seems  to  be  the  most  imixirtant  condition  of  a  Dornul  I 
circulation, — namely,  the  maintenance  of  a  high  arterial  pressuit  I 
Although  a  number  of  physiologists  had  assumed  the  existence  «<  I 
nerve  fibers  capable  of  acting  upon  the  muscular  coats  of  the  bbo*-! 
vessels,  the  experiment^il  proof  of  the  existence  of  such  iMsrvs.! 
and  the  beginning  of  the  modern  development  of  the  theorr  rfj 
vasomotor  regulation  were  a  part  of  the  brilliant  conirihutions  tfl  j 
physiology  made  by  Claude  Bernard.*  In  1S51  Bemarti  iliscoMiiij 
that  when  the  s}Tnpathetic  nerv^e  is  cut  in  the  neck  of  a  rabhit  mi 
blood-vessels  in  the  ear  on  the  same  side  become  very^  much  dikleAl 
He  and  other  ol)ser\^ers  afterward  showed  that  if  the  peripbiflii 
(head)  end  of  the  severed  nerve  is  stimulate'd  electrically  thct^j 
becomes  blanched,  owing  to  a  constriction  of  the  blood-vt^«kf 
Thus  the  existence  of  vasocfmstnctor  nerv^e  fi1>ers  to  the  blood-vcsafcl 
was  demonstrated.  A  vast  amount  of  exfjerimental  work  ha«b«*I 
done  since  to  ascertain  the  exact  distribution  of  these  fillers  to  tJ*J 
various  organs  and  the  reflex  conditions  under  which  they  fu 
normally.  Few  subjects  in  physiolog}^  are  of  more  practic^J  ' 
portance  to  the  physician  than  that  of  vasomotor  regulatii>o: 
plays  such  a  large  antl  constant  part  in  the  normal  activity  of  1 
various  organs.  liemanl  was  doubly  fortunate  in  being  the  i 
to  demonstrate  the  existence  of  a  second  class  of  nerve  fibeiStl 
when  stimulated,  cause  a  dilatation  of  the  blood-vessels  audi 

♦See  "Life  of  t'kude  Beniurd,'"  by  Sir  Midiael  Fo^er.  I.S99.  mtli«i 
"Miist^rs  of  Medicine." 
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designated  as  vasodilator  nerve  fibers.    This  discovery 

connection  with  the  chorda  tympani  nerve,  a  branch 
which  sends  secretory  fibers  to  the  submaxillary  gland, 
jrve  is  cut  and  the  peripheral  end  is  stimulated  a  secre- 
i  results  and  at  the  same  time,  as  Bernard  showed,  the 

of  the  gland  dilate;  the  flow  of  blood  is  greatly  in- 
e  efferent  vein  and  may  even  show  a  pulse, 
jrvous  regulation  of  the  blood-vessels  we  have  to  «on- 
)re,  the  existence  and  physiological  activities  of  two 
sets  of  nerve  fibers:  First,  the  vasoconstrictor  fibers, 

causes  a  contraction  of  the  muscular  coats  of  the  ar- 
^refore  a  diminution  in  the  size  of  the  vessels.  Second, 
or  nerve  fibers,  whose  action  causes  an  increase  in  size 
vessels,  due  probably  to  a  relaxation  (inhibition)  of  the 
its  of  the  arteries.  Before  attempting  to  describe  the 
5  of  our  knowledge  upon  these  points  it  will  be  help- 
)  some  of  the  methods  by  means  of  which  the  existence 
•  fibers  has  been  demonstrated. 
Used    to    Determine    Vasomotor    Action. — The 

most  direct  proof  is  obtained  from  mere  inspection, 
i  possible.  If  stimulation  of  the  nerve  to  an  organ 
blanch,  the  presence  of  vasoconstrictor  fibers  is  dem- 
less  the  organ  is  muscular  and  the  blanching  may  be 
i  mechanical  result.  On  the  other  hand,  if  stimulation 
to  an  organ  causes  it  to  become  congested  or  flushed 
le  presence  of  vasodilator  fibers  may  be  accepted.  It 
owever,  that  this  method  is  applicable  in  only  a  few 
1  that  in  no  case  does  it  lend  itself  to  quantitative 
Vasomotor  effects  may  be  determined  by  measur- 
3ow  of  blood  from  the  veins.  If  stimulation  of  the 
organ  causes  a  decrease  in  the  flow  of  blood  from  the 

organ,  this  fact  implies  the  existence  of  vasoconstrictor 

an  opposite  result  indicates  vasodilator  fibers.  3. 
IS  in  arterial  and  venous  pressures.  When  vaso- 
bers  are  stimulated  there  is  a  rise  of  pressure  in  the 
ying  the  organ  and  a  fall  of  pressure  in  the  veins 
m  the  organ.  This  result  is  what  we  should  expect  if 
ion  takes  place  in  the  region  of  the  arterioles.  The 
I  size  of  these  vessels  by  increasing  peripheral  resistance 
i  internal  pressure  on  the  arterial  side  of  the  resistance, 

fall  of  side  pressure  on  the  venous  side  (see  p.  503). 
nvolved  is  large  enough  the  increased  resistance  will 
eptible  difference  in  pressure,  not  only  in  the  organ 

also  in  the  aorta ;  there  will  be  a  rise  of  general  (dias- 
>re8sure.    On  the  other  hand,  a  vasodilator  action  in 
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any  organ  is  accompanied  by  the  reverse  changes.    Penphenl 
resistance  being  diminished  there  will  be  a  fall  of  pressure  on  tk  j 
arterial  side  and  a  rise  of  pressure  on  the  venous  ade.    Wbeu,  j 
therefore,  the  stimulation  of  any  nerve  brings  about  a  ri*  «fl 
arterial  pressure  that  can  not  be  refeiTed  to  a  change  in  the  hdrtl 
beat  the  inference  made  is  that  the  result  is  due  to  a  va«ic<»-l 
striction.     When  the  method  is  applied  to  a  definite  oigsn— tkej 
braiUi  for  instance — it  becomes  conclusive  only  when  dmultaneow 
observations  are  made  ujion  the  pressure  in  the  art-er>'  and  tbeifin  1 
of  the  organ,  and  i>roof  is  obtained  that  the  pressures  at  these  pmatij 
var>^  in  opposite  directions.     4,  By  obser\^ations  upon  the  volumi  j 
of  the  organ.    It  is  obvious  that,  other  conititions  remaininf^  uft-  j 
changed,  a  vasoconstriction  in  an  organ  will  \ye  aeeompamed  U  J 
a  diminution  in  volume,  and  a  vasodilatation  b^'  an  increa*  in 
volume.     This  method  of  studying  the  blood-supply  of  an  orT?»n  ii 
designated  as  pkiliysmograpky,  and  ^  any  instrument  designal  tfl  I 
record  the  changes  in  volume  of  an  organ  is  a  pleiktf$mografk*  \ 
Plethysmographs  have  been  designed  for  special  organs,  and  in  sudi 
cases  they  have  sometimes  l>een  given  special  nAmes.     Thus,  thi  ] 
plethysmograph  used  upon  the  kidney  and  spleen  has  been  desig' 
nated  as  an  oncometer,  that  for  the  heart,  as  a  cardioroetff. 
The  precise  form  and  structure  of  a  plethysmograph  varies,  rfj 
course,  with  the  organ  studied,  but  the  principle  used  is  tM 
same  in  all  cases.     The  organ  is  inclosed  in  a  box  with  ri|3 
walls  that  have  an  opening  at  some  one  point  only,  and  tb»] 
opening  is  placed  in  connection  with  a  recorder  of  some  kind  I 
tubing   wdth    rigid   walls.     The   connections   between 
and  plethysmograph  and  the  space  in  the  interior  of  the  UW\ 
not  occupied  by  the  organ  may  be  filled  with  air  or,  as  is  monj 
u,suaily  the  case,  with  water.    The  idea  of  a  plethysiiiogrtpf 
may  be  illustrated  by  the  skull.     This  structure  forms  a  nato 
pelthysmograph  for  the  brain.     If  a  hole  is  bored  through  th 
skull  at  any  point  and  a  connection  is  then  made  with  a  recoR 
of  some  kind,  such  as  a  tambour,  the  volume  changes  of 
brain  may  be  registered  successfully. 

Thie  plethyBmograph  j^enerallvern  ployed  in  laboratories,  part irulflrfff 
vestigtttioiia  on  inAn,  h^  some  niodification  of  the  fonn  dev^ised  by  Ma 
Fi§.  249),    The  limid  Jitol  more  or  less  of  tlie  iinu  \s  plareii  in  a  ^hufs^, 
whirh  is  swwng  freely  frooi  a  support.     The  opening  around  the  arm  Vi 
off  by  Ik  ruff  of   ruhlxT  dtim  that  must  be  rhosen  of  such  a  sijt  i 
fit    the   arm   snujrly   without   compression     of    tlie    j^iii^erficial   \'*ai*. 
fonviml    end   of   the  plethvi^mopraph    is  eonne<ted    tiy   tubing  with  » 
corder.      Throiiirh  appropriate  openings   the  cylifuler  and  roimenin^  W 
are  filled  with   warm   water   and   then    all  oj^niiii^   are    closed  *^*^ 
one  k'wling  to  the  reconler.    Any  increase  in   voUnne  of  the  arm  wii  i 
water   from    the    filethysmograph    to   tlie  recortier,  and   miy   < 


♦  For  a  description  of  the  development  of  this  method 
Marey's  **  Travaux  du  Lalxiratoire/'  1876,  p.  1. 


,  see  Frmo^ob-F 
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my,  will  suck  water  from  the  recorder  into  the  plethysmograph. 
iiUior's  laboratory  a  modification  that  has  been  found  most  conve- 
epresented  in  Fig.  250.  To  avoid  escape  of  water  at  the  upper  end 
ibe  and  at  the  same  time  to  prevent  compression  of  the  vems  of  the 
ery  thin  rubber  glove  with  long  gauntlet  is  used.  The  gauntlet 
theaed  by  cuffs  of  dam  tubinff,  as  shown  in  the  illustration,  and  all 
ted  over  the  end  of  the  plethysmograph.  The  outer  cuff  (3)  may 
od.  The  hand  is  inserted  into  the  cvmider  and  is  held  in  place  by 
le  fingers  through  the  rings.  The  plethysmograph  being  suspended 
m  the  ceiling,  any  movement  of  the  arm  will  move  the  instrument  as 
without  disturbing  the  position  of  the  arm  in  the  instrument.  By 
rings  of  hard  rubber  (D,^,  one  fitting  around  the  rim  of  the  plethys- 
and  the  other  adapted  more  or  less  closely  to  the  size  of  the  torearm. 
;ted  portion  of  the  gauntlet  and  cuff  is  held  in  place  and  preventea 
ing  way  readily  to  any  rise  of  pressure  in  the  plethysmograph.    The 


49. — A  schematic  diagram  of  Moeso's  plethysmograph  for  the  arms:  a,  the  glass 
r  the  arm,  with  rubber  sleeve  and  two  tubulatures  for  filling  with  warm  water : 
d  qning  swinging  the  test  tube,  t.  The  spring  is  so  calibrated  that  the  level  of 
in  the  test  tube  above  the  arm  remains  imchanged  as  the  tube  is  filled  and 
The  movements  of  the  tube  are  recorded  on  a  drum  by  the  writing  point,  p. 


i  the  latter  is  connected,  as  shown  in  Fig.  249,  to  a  test  tube  swung 
J  spring  (Bowditch's  recorder) .  The  spring  is  so  adjusted  by  trial  that 
ad  rises  exactly  in  proportion  to  the  inflow  or  outflow  of  water.  By 
s  the  level  of  the  water  in  the  tube  is  kept  constant,  and  since  the  posi- 
lis  level  determines  the  pressure  upon  the  outside  of  the  arm  in  the 
ograph  this  pressure  is  also  kept  constant  independently  of  the 
a  volume  of  the  arm.  The  level  should  be  set  in  the  beginning 
make  a  slight  positive  pressure  on  the  arm  sufficient  to  flatten 
glove  to  the  skin  and  thas  drive  out  the  air  between  the  two. 
s  apparatus  is  conveniently  arranged,  with  slings  to  support  the 
servations  may  be  made  upon  the  changes  in  volume  of  the  arm 
ag  periods.  The  results  so  obtained  are  referred  to  under  several 
With  the  form  of  recorder  described  the  plethysmograph  gives 
ily  the  dow  changes  in  volume  of  the  arm,  due  to  a  greater  or  less 
F  blood.     By  using  a  more  sensitive  recorder  and  making  the  con- 
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nections  entirely  rigid  the  sDiaLier,  quicker  changes  in  volume  catisaJbi^^l 
heart  heat  are  abci  recorded.     A  vulume  pulse  is  obtained  rcscmbUnf  m  8*  | 
general  fonn  the  prenMure  pidse  given  by  the  sphygmograph,     ^T»«o  i 
for  this  purpose  the  uistriuiieiit  is  described  as  a  hyarosphygmograpk. 

Records  taken  of  the  vohime  of  the  hand^  foot,  brajji,  or  my  j 
other  organ  show  that  in  addition  to  the  changes  causetl  bythaj 
heart  beat  and  by  the  i-espirators^  movements,  there  are  otberi 
irregular  variations  that  are  eontiniiallyo€cuiTing,the  cause  of  i 
is  to  be  fouiid  in  the  variations  in  the  araoimt  of  blood  in  the  oij 
Day  and  night  these  changes  in  volume  take  place,  and  thCT"  i 
referable  to  tlie  activity  of  the  vasomotor  syst-em.     Vasoconstsf^ 
or  vasodilatation  in  the  organ  itself  cause  what  may  be 


Fig*  25<).— Detailed  drawing  of  th«i  (fl«««  plethyamoipiiph  with  the  mnrnnpeiMat  of  f«»l 
ber  glov©  tn  prevent  leaking  without  cutn presrdnis  tbe  veins.  2»  The  glovo  with  it»  pMwJj 
reQ<»ot««i  over  tbe  eiul  u(  the  gJo^  cylinder;  1  and  3,  supporting  pieces  oi  ttout  rwobt^ 
ioff^  D  and  £t  aeeliona  o(  outer  and  inner  riafca  of  hard  rubber  to  f&eleo  tb*  f<  '  ' 
tubliiK  nod  reduce  the  openiuii^  fur  the  arm. 

an  active  change  in  volume.     But  vasoconstriction  or 
tion  in  other  organs  may  cause  a  i>erceptible  change,  of  a  pi^^J 
kind,  in  the  volume  of  the  organ  uiitler  obsen^ation.     For. 
the  amount  of  blood  remains  the  same,  a  change  in  any  onei 
must  affect  more  or  less  the  volume — that  is,  tbe  blood  contJ 
of  all  other  organs. 

General  Distribution  and  Course  of  the  Vasoconstrictofl 
Nerve  Fibers.— These  fibers  belong  to  the  s>Tnpathetic  autommif  * 
sy>;tem,  mid  consist,  therefore,  of  a  prcgaoglionic  filler  arising  in  tif 
central  nervous  system  and  a  postganglionic  fiber  arising  fronil 
cell  of  some  s>^npathetic  ganglion.     The  general  arrangeoieDt  < 
the  autonomic  system  (p.  246)  should  be  revieweci  in  this  < 
tion.     It  has  been  shovn^i  by  experiments  of  the  kind 
under  the  last  heading  that  vasoconstrictor  fibers  are  prcMfltl 
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rtis  nerve  trunks,  but  especially  in  those  distributed  to  the 
d  to  the  abdominal  and  pelvic  organs.  If,  for  instance,  the 
or  the  splanchnic  nerve  be  cut,  to  avoid  reflex  effects,  and 
ipheral  end  be  stimulated,  there  will  be  a  strong  constriction 
vessels,  which  may  be  detected  by  ocular  inspection,  blanch- 
the  increase  in  arterial  pressure;  or  by  the  diminution  in 
of  the  organs.  The  vasoconstrictor  fibers  supplying  these 
»t  r^ons  arise  immediately  (postganglionic  fibers)  from 
other  of  the  ganglia  constituting  the  sympathetic  chain,  or 
le  large  prevertebral  ganglia  (celiac  ganglion,  for  instance) 
'  connected  with  it.  Ultimately,  of  course,  they  arise  in  the 
nervous  system  (preganglionic  fiber),  and  it  has  been  shown 
»r  the  r^ons  under  consideration,  they  all,  with  a  few  com- 
ely unimportant  exceptions,  leave  the  spinal  cord  in  the 
itfiow  that  takes  place  in  the  thoracic  region  from  the  second 


261. — Schema  to  ahow  the  path  of  the  pregan^ionic  and  postoanglionio  portiona 
onstrictor  nerve  fiber:  a,  Anterior  root,  showing  the  course  of  the  preganglionic 
dotted  line;  d,  v,  dorval  and  ventral  branches  of  the  ipinal  nerve;  r,  the  ramus 
ana;  a.  the  sympathetic  ganglion.  The  postgangUooic  fibers  in  each  ramus  come 
ympathetic  ganglion  with  which  it  Ls  connected.  The  preganglionic  fibers  enter- 
ganglion  may  pass  up  or  down  to  end  in  the  cells  of  some  other  ganglion. 


3  to  the  second  lumbar  nerves  (p.  248).  In  this  outflow 
•e  mixed  \^'ith  other  autonomic  fibers,  such  as  the  sweat 
pilomotor  fibers,  accelerator  fibers  to  heart,  pupilodilator 
dsceromotor  fibers,  etc.  Emerging  in  the  anterior  roots,  they 
the  sympathetic  chain  by  way  of  the  corresponding  ramus 
oicans.  Having  reached  the  chain,  they  end  in  one  or  other 
anglia,  not  necessarily  in  the  ganglion  with  which  the  ramus 
s  anatomically.  The  preganglionic  fibers  for  the  blood- 
of  the  submaxillary  gland,  for  instance,  enter  the  first 
I  ganglion  of  the  sympathetic  chain,  but  do  not  actually 
te  until  they  reach  the  superior  cervical  ganglion  high  in  the 
rhe  postganglionic  fibers  arise  in  the  ganglion  in  which  the 
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^j  the  spinal  nerve  for  distribution  to  the  peripheral  tissues.  It  should 
>i  be  borne  in  mind  that  the  fibers  in  the  white  ramus  do  not 
*i^  return  to  the  spinal  nerve  by  the  gray  portion  of  the  same  ramus, 
^  but  passing  upward  or  downward  in  the  sympathetic  chain 
p^  return  to  some  other  spinal  nerve  as  postgangUonic  fibers.  In  this 
way,  therefore,  it  happens  that  the  various  intercostal  nerves  and 
tiie  nerve®  of  the  brachial  and  sciatic  plexus  contain  vasoconstrictor 
fiters  i\s  postganglionic  or  sympathetic  fibers.  On  the  other  hand, 
the  vas4*eonstrictor  fibers  destined  for  the  great  vascular  region  of 
the  JnteMines  and  other  abdonmial  viscera,  after  reaching  the  S3an- 
pttietic  chain  by  way  of  the  white  rami  as  preganglionic  fibers,  do 
not  mtiim  to  the  spinal  nerves  by  the  gray  rami.  They  leave  the 
s^mpfitbetio  chain,  still  as  pr^anglionic  fibers,  in  the  branches  of  the 
aphnchnie  nerves  and  through  them  p)ass  to  the  celiac  ganglion, 
irlsere  tJiey  mainly  end,  and  their  path  is  continued  by  the  post- 
jSaofiC^Iianlc  or  sympathetic  fibers  arising  from  this  ganglion.  More 
gps^c  information  concerning  the  origin  of  the  vasomotor  fibers 
to  the  tlifferent  organs  is  given  in  condensed  form  farther  on.  It  is 
quite  important  in  the  beginning,  however,  to  obtain  a  clear  general 
conception  of  the  paths  taken  by  the  constrictor  fibers  from  their 
origjb  in  the  spinal  cord  to  their  termination,  on  the  one  hand, 
m  the  vessels  of  the  skin,  or,  on  the  other,  in  the  vessels  of  the 
abdominal  and  pehic  viscera. 

The  Tome  Activity  of  the  Vasoconstrictor  Fibers. — ^A  very 

importaat  fact  regarding  the  vasoconstrictor  nerve  fibers  is  that 

Ul^  ifctt*  constantly  in  action  to  a  greater  or  less  extent.    This 

fict  is  demonstrated  by  the  simple  experiment  of  cutting  them. 

If  the  sympathetic  nerv^e  in  the  neck  is  cut  in  the  rabbit  the  blood- 

veeiKfb  ctf  the  ear  Ijecome  dilated.     If  the  splanchnic  nerves  on 

the  two   sides  are  cut  the  intestinal  region  becomes  congested, 

aQd  the  effect  in  this  case  is  so  great  that  the  general  arterial  pressure 

falfe  to  a  very  low  point.     From  these  and  numerous  similar  ex- 

permients  we  may  conclude  that  normally  the  arteries — ^that  is, 

the  arterioles — are  kept  in  a  condition  of  tone  by  impulses  received 

tlirough  the  vfisoconstrictor  fibers.     Cut  these  nerves  and  the  arte- 

ri^  lose  their  tone  and  dilate,  with  the  result  that,  the  peripheral 

r^st&nce  being  diminished,  the  lateral  pressure  falls  on  the  arterial 

ade  and  rises  on  the  venous  side.    The  relatively  enormous  effect 

upon  aortic  pressure  caused  by  paralysis  of  the  tone  of  the  arteries 

k  the  splanchnic  area  shows  that  imder  normal  conditions  the 

pmpheral  resistance  in  this  great  area  plays  a  predominant  part 

k.  the  maintenance  of  normal  arterial  pressure,  and  by  the  same 

Masoning  variations  in  tone  in  the  arteries  of  this  region  must 

Phy  a  very  large  part  in  the  regulation  of  arterial  pressure. 

The  Vasoconstrictor  Center. — As  stated  in  the  last  two  para- 
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graphs,  the  vasoconstrictor  liters  emerge  from  the  cord  am  i 
definite  region,  and  they  exhibit  constant  tonic  activity.    It  hM 
been  shoi^ni,  moreover,  that  if  the  cord  l>e  cut  an\^'here  in  tfai  I 
cervical  region  all  of  the  constrictor  fibers  lose  their  tone;  apttl 
vascular  dilatation  results  in  both  the  splanchnic  and  skin  arai. ' 
We  may  infer  from  this  fact  that  the  \'asoconstrietor  paths  oripsttte  ' 
from  Der\T  cells  in  the  brain  and  that  their  tonic  activity  is  t* 
be  traced  to  these  cells.    Such  a  group  of  cells  exists  in  the  rneduBl  j 

oblongata,  and  forms  the  i 
cmistridor   center.      The  axfltf  | 
given  off   from   these 
scend  in  the  cervical 
tenninate  at  various  leve 
the  anterior  horn  of  gray  i 
ter  in  the  region  from  the  upjitf  J 
thoracic  to  the    upper  lu 
y^j^>^  ^  spinal  nerv'e^.     A  spinal 

eontiniies  the  path  as  the  pifl 
ganglionic  vasoconstrictor  fibtfl 
which    terminates,    as   abtufrj 
described,  in  some  sympftltietl| 
ganglion^  whence    the  path  ill 
further  continued  by  the  pai*| 
ganglionic  fiber.    This  arrup*! 
ment  of  the  constrictor  pithij 
indicated  scheniaticallY  m  Rg*] 
253.     The  exact  Uxatioc  of  iitl 
group  of  cells  that  pla\*s  the  in*' j 
portant  role  of  a  vasoconstn^ 
center  hi\s  not  l>een  deiermijtfiij 
histologically.     The  re^on 
liowever,  l:)een  dehmiled  rou^ 
by  physiological  experiiucnE^  1 
the  brain  is  cut  through  at  ^l 
le%'el  of  the  midbrain  tbexei»5'| 
marked  loss  of  vascular  tone  I 
the  body  at  large.     If, 
similar  sections  are  made  f« 
and   farther   back   a  poiot 
reached  at  which  vascular  paralysis  begins  to  be  apparent  inii 
point  farther  clown  at  w^hich  this  paralysis  is  as  complete  ait 
would  be  if  the  cenical  cord  were  cut.     Between  these  tw(>  | 
the  vasoconstrictor  center  must  lie.    The  careful  experiments  < 
this  kind  made  by  Dittmar*  are  now  somewhat  old,     Ae 
♦"Berichte  d.  Siiths.  Akatlemie,  M^th.-phys.  Kladee/'  1873.  f  *^i^ 


A 


Fipf.  253,— Schemik  to  Aiuw  th©  p«tb 
of  the  vaHoconiitirictor  fibers  from  the  \'a,ao* 
ron!*trirtor*rcnter  to  lUe  bli>fjd-vei*«»eltt  iLtiiiJi 
the  mflcliani»tn  for  the  reflex  BtJXniiilAtion 
of  these  fibers;  t\  <■-.  The  vaj*c>coii  strict  or 
eentar;  1,  the  central  neuron  of  the  va«>- 
cxMifftrictor  pnth ;  2,  the  ^hial  rieurun 
(pree&uKlionic  fiberl;  3,  the  yympothetic 
QeyroD  (posttipiiighonir  fiber):  a.  the  arte^ 
note;  4,  the  seDSMjrj'  fiber*  of  the  posterior 
root  [smking  ronii«^tioiiH  hy  ^Hztlhitei^ls 
with  the  voMjconHtricior  center:  5,  an  in- 
tercentral  fiber  < efferent)  acting  upoo  the 
vatsoeoniftrtctor  center. 
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his  description,  the  center  is  bilateral, — that  is,  consists  of  a 
wip  of  cells  on  each  side, — and  lies  about  the  middle  of  the  fourth 
ntricle  in  the  tegmental  region,  in  the  neighborhood  of  the  nucleus 
the  facial  and  of  the  superior  olivary.  In  the  rabbit  it  has  a 
)gih  of  3  nmis.,  a  breadth  of  1  to  1.5  mms.,  and  lies  about  2 
2.5  mms.  lateral  to  the  mid-line.  Assuming  the  existence  of 
is  group  of  cells,  we  must  attribute  to  them  functions  of  the  first 
iportance.  Like  other  motor  cells,  they  are  capable  of  being 
mulated  reflexly  and  by  this  means  the  regulation  of  the  blood- 
m  is  largely  controlled.  Moreover,  they  are  in  constant  activity, 
due  doubtless  also  to  a  constant  reflex  stimulus  from  the  inflow 
afferent  impulses.  The  complete  loss  of  this  tonic  influence 
mid  result  in  a  complete  vascular  paralysis,  the  small  arteries 
mid  be  dilated,  peripheral  resistance  would  be  greatly  diminished, 
d  the  arterial  pressure  in  the  aorta  would  fall  from  a  level  of 
IW50  nuns.  Hg  to  about  20  or  30  DMns.  Hg, — a  pressure  insuflS- 
nt  to  maintain  the  life  of  the  organism.  In  the  condition  known 
surgical  shock  this  state  of  things  occurs.  There  is  a  great  fall 
arterial  pressure  which  is  due  probably  to  a  loss  of  tone  in  the 
sooonstrictor  center  and  the  consequent  dilatation  of  the  small 
teries.  We  must  conceive,  also,  that  in  this  vasoconstrictor 
Btcr  the  different  cells  are  connected  by  definite  paths  with  the 
sooonstrictor  fibers  to  the  different  regions  of  the  body;  that 
(De  of  the  cells,  for  instance,  control  the  activity  of  the  fibers 
itributed  to  the  intestinal  area,  and  others  govern  the  vessels 
the  skin.  Under  physiological  conditions  the  different  parts 
the  center  may,  of  course,  be  acted  upon  separately. 
Vasoconstrictor  Reflexes — Pressor  and  Depressor  Nerve 
Iters. — ^It  is  obvious  that  such  a  mechanism  as  that  described 
Dve  is  susceptible  of  reflex  stimulation  through  sensory  nerves, 
1  according  to  our  general  knowledge  we  should  suppose  that 
onic  center  of  this  kind  may  have  its  tonicity  increased  (excita- 
a)  or  decreased  (inhibition).  Numerous  experiments  in  phys- 
3gy  warrant  the  view  that  both  kinds  of  effects  take  place 
rmally.  Those  afferent  nerve  fibers  which  when  stimulated 
ise  reflexly  an  excitation  of  the  vasoconstrictor  center,  and 
srefore  a  peripheral  vasoconstriction  and  rise  of  arterial  pressure, 
i  frequently  designated  as  pressor  fiberSj  or  their  effect  upon  the 
;ulation  is  designated  as  a  pressor  effect.  Those  afferent  fibers, 
the  contrary,  which  when  stimulated  cause  a  diminution  in 
tone  of  the  vasoconstrictor  center  and  therefore  a  periph- 
I  vasodilatation  and  fall  of  arterial  pressure,  are  designated  as 
ressor  nerve  fibers,  or  their  effect  upon  the  circulation  is  a  de- 
Bor  effect.  Pressor  effects  may  be  obtained  by  stimulation  of 
oet  any  of  the  large  nerves  containing  afferent  fibers,  but  espe- 
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perhaps  of   ilw   eutaneous   oen^s.     There   is  abiiiJi4»ii** 
Jidence  to  8how  that  similar  results  can  be  obt^ned  in  mift- 
fpressor  effect  inaDifests  itself  by  a  me  in  general  arterui pt^ 
if  a  suilieientiy  large  region  is  in%^olved,  and  by  a  dimuittii' 
|ize  of  the  organ  involved.     On  the  other  hand,  deproBCKrrfhtt 
also  be  obtained  from  stimulation  of  many  of  the  Imp  wrn 
Inks.     If  one  8tinmlate.s  the  central  end  of  the  sciatic  mm, 
'  example,  one  obtains  a  pressor  effect  on  the  circulatioti  IA; 
3,  but  imder  certain  conditions  a  marked  depreaBor 
|ws  the  stimulation*    The  simplest  explanation  of  sudi  a  fsii 
that  the  nerv^e  trunks  contain  afferent   fibers   of  hot!-  ^^" 
Ihen  we  apply  our  electrodes  to  a  nerve  we  stimulate  e** 
it  and  the  actual  result  will  depend  upon  which  group  of  fibp 
Fexerte  the  stronger  action,  and  this  may  vary  with  the  ratidttt 


v'V..w/V* 
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Fi«.  254.— Pletbysmc^pmiihic  curve  of  foraarm*    The  volume  of  Um 

by  meaJiH  ^^r  o  crj(UDt«r*weight«d  uurilMiur  And  the  record  ahow9  the 
m  m«ntal  arithmetic — the  prcxlucl  of  24  by  43— caused  a  isArked 


of  the  nervT,  the  condition  of  the  center,  the  anestbetir  u«i*  ft- 
Under  normal  conditions  no  such  gross  stimuJatian  f 
pressor  fibers  are  stimulated  under  some  circumstances, 
pressor  fibers  under  others.     For  instance,  when  the  skin  ie 
io  cold  it  is  blanchetl  not  by  a  direct,  but  by  a  reflex,  eflfeiet    D* 
low  tenif^erature  stimulates  the  sensor)'  (cold)  fibers  in  the  i4m 
and  the  ner\^e  impulses  thus  aroused  refiexly  stimulate  the  vaso- 
constrictor center,  or  a  part  of  it^  and  cause  blanching  of  the  alcia 
Exix)sure  to  high  tem|jeratyres,  on  the  contrary;,  flushes  the  «kin^ 
and  in  this  case  we  may  suppose  that  the  sensory  impulsee^     ~ 
by  the  heat  nerves  inhibit  the  tone  of  the  vasoconstrictor  4<.- 
and  cause  dilatation  or  flushing  of  the  skin.     So  far  as  mm  ' 
concerned,  exjxTiments  made  with  the  plethysmograph  ahowve^j 
*See  Hunt,  "Jouraal  of  Phygio!og3%"  18,381,   l«5>6. 
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a  vasodilator  center.  Among  the  many  depressor  effe 
have  been  observed  on  stimiilation  of  afferent  nerve  filtered 
aroused  espe<"ial  interest — nmnely,  that  cause<l  by  certain  i 
fibers  from  the  heart  or  from  the  aorta.  These  fibers , 
ammals'=the  dog,  for  instance— run  in  the  vagus  ner 
other  animals,  the  raJjfvit,  they  form  a  separate  nerve,  the  i 
depressor  nerve  of  the  heart — discovered  by  Ludwig  and  ( 
(1806).  So  far  as  the  effect  in  question  is  concerned  the  ph\^ 
ical  evidence  indicates  that  the  fibers  arise  from  the  deseed 
aorta  and  it  might  be  more  appropriate  to  speak  of  them  a| 
depressor  nerve  of  the  aorta.*  In  the  rabbit  this  nerve  foii 
branch  of  the  vagus,  arising  high  in  the  neck  by  two  roota^ 
from  the  trunk  of  the  vagus  and  one  from  the  superior  laiyl 
branch.  It  runs  toward  the  heart,  in  the  sheath  with  the  i 
and  the  cer\ncal  synipathetic.  The  nerve  is  entirely  hffi 
If  it  is  cut  and  the  peripheral  end  is  stimulated  no  result  fol 
If,  however,  the  central  end  is  stimulated  a  fall  of  blood-{xrd 
occurs  and  also  perhaps  a  slo\\ing  of  the  heart  beat  (see  Fig,  i 
The  latter  effect  is  due  to  a  reflex  stimulation  of  the  cardicH^ 
itory  center  and  may  be  eliminated  by  pre\nous  section  d 
vagus.  The  fall  of  blood-pressure  is  exphiined*  by  supp 
the  nerve,  when  stimulat^^l,  inhibits,  to  a  greater  or  less  exte 
tonic  activity  of  the  vaHOconstrictor  center,  t  Physiologic 
periments  indicate  that  the  nerve  plays  an  important 
role.  J  When^  for  instance,  blood-pressure  rises  above 
limits,  it  may  be  supposed  that  the  endings  of  this  ner\"e  i^ 
aorta  or  heart  are  stimulated  by  the  mechanical  effect,  ana 
bloo*l-pressure  is  thereby  lowered  by  an  inhibition  of  the  Umed 
constrictor  center.  Moreover,  it  has  been  shown  by  Einthj 
that  every  heart  beat  sends  up  tim  nerve  a  series  of  ner\^e  impH 
that  is,  when  the  nerve  is  cut  and  the  ends  are  connecte*!  I 
a  string-galvanometer,  electrical  variations  occur  synch 
with  the  heart  beat  (Fig,  280).  To  explain  this  result ' 
only  assume  that  each  heart  beat  stimulates  sensory 
in  the  heart  itself  or  in  the  aorta,  and  that  the  nerve 
thus  transmitted  to  the  medulla  probably  play  a  r61e  in 
taining  the  tonic  activity  of  some  of  its  centers^  perh 
Einthoven  suggests^  the  tonic  activity  especially  of  the ! 
inhibitory  center. 

*  See  EvBt^r  and  Hoctker,  **Ammcan  Jotirnal  of  Pbymok 
1908;  also  Kft^ter  and  Tsclifrmak,  '*Arckiv  f.  die  gefiammte 
93,  24,  1902. 

t  See  Porter  and  Beyer,  "American  JDiinml  of  Physiolog]r, "  4, 2SSt' 
ftlflo  Baylim,  **  Journal  of  FliyFialogj%  "  14,  Ml,  1803. 

t  Sewall  and  Steiner,  "Journal  of  Physiology,"  6,  162,  18S5- 
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A  most  su^estlve  example  of  the  regulating  action  of  the  depressor  nerve 
I  oven  by  Sewall.  When  the  caroti<fi  in  a  rabbit  are  clampcKl  a  variable 
na  not  very  large  rise  of  arterial  pressure  is  observed.  If,  however,  the 
jBpfcaaor  nerves  are  first  cut,  clampmg  the  carotids  causes  an  extraordinary 
i»  of  arterial  pressure.  When  the  carotids  are  closed  we  may  suppose  that 
he  resulting  anemia  of  the  medulla  stimulates  the  vasoconstrictor  center 
■d  thus  tends  to  raise  arterial  pressure,  but  this  effect  is  neutralized  because 
I  the  pressure  rises  the  depressor  fibers  of  the  heart  are  stimulated.  It 
NDB  evident  that  during  life  the  depressor  fibers  must  exert  a  very  important 
l|Dliting  effect  upon  tne  circulation. 

A  similar  nerve  has  been  described  anatomically  in  man,  while 
I  animals  like  the  dog,  in  which  it  is  not  present  as  a  separate 
oalimucal  structure,  it  probably  exists  within  the  trunk  of  the 
agUB.  K  this  latter  nerve  is  cut  in  the  dog  and  the  central  end 
I  stimulated  a  depressor  effect  is  usually  obtained. 

VoMconatrictor  Centers  in  the  Spinal  Cord. — From  the  description  of  the 
■oooDstrictor  mechanism  given  above  the  probable  inference  may  be  made 
•t  throughout  the  thoracic  region  the  cells  of  origin  of  the  preganglionic 
J«  may,  under  special  conditions,  act  as  subordinate  vasoconstrictor  centers 
grife  of  giving  reflexes  and  of  exhibiting  some  tonic  activity.  Numerous 
periments  tend  to  support  thb  inference  When  the  spinal  cord  is  cut  in 
e  lower  thoracic  region  there  is  a  paralysis  of  vascular  tone  in  the  posterior 
tnmities.  If,  however,  the  animal  is  kept  alive  the  vessels  gradually  re- 
wr  their  tone,  although  not  connected  with  the  medullary  center.  The  re- 
Biq)itoa  of  tone  in  this  case  may  be  attributed  to  the  nerve  cells  in  the  lower 
mdc  and  upper  lumbar  region,  since  vascular  paralysis  is  again  produced 
Ml  this  portion  of  the  cord  is  destroyed.  Finallv,  Goltz  has  shown  that 
Ml  the  entire  cord  is  destroyed,  except  the  cervical  region  (p.  152) ,  vascular 
le  may  be  restored  finally  in  the  blood-vessels  affected.  In  this  case  the  re- 
nptioQ  of  tonicity  must  be  referred  either  to  the  properties  of  the  muscular 
ite  of  the  arteries  themselves,  or  to  the  activity  of  the  sympathetic  nerve 
li  that  give  rise  to  the  postganglionic  fibers.  However  this  may  be,  it  seems 
He  clear  that  under  normal  conditions  the  great  vasoconstrictor  center  in 
fi  medulla  is  the  important  seat  of  tonic  and  of  reflex  activity.  If  the  con- 
BtioDS  of  this  center  with  the  blood-vessels  are  destroyed  suddenly — for 
unple,  by  cutting  the  cervical  cord — ^blood-pressure  falls  at  once  to  such  a 
r  level,  2K)  to  30  mms.  Hg.,  that  death  usually  results  unless  artificial  means 
5  employed  to  sustain  the  animal. 

Rhythmical    Activity    of   the    Vasoconstrictor    Center. — 

iroughout  life  the  vasoconstrictor  center  is  in  tone  the  intensity 
which  varies  with  the  intensity  and  character  of  the  reflex  im- 
ikes  playing  upon  it.  Under  certain  unusual  conditions  the 
Qter  may  exhibit  rhythmical  variations  in  tonicity  which  make 
emselves  visible  as  rhythmical  rises  and  falls  in  the  general 
terial  pressure  (Fig.  256),  the  waves  being  much  longer  than 
Dse  due  to  the  respiratory  movements.  These  waves  of  blood- 
essure  are  observed  often  in  experiments  upon  animals,  but 
ar  ultimate  cause  is  not  understood.  They  are  usually  desig- 
ted  as  Traube-Hering  waves,  although  this  term,  strictly  speak- 
j,  belongs  to  waves,  synchronous  with  the  respiratory  move- 
nts, that  were  observed  by  Traube  upon  animals  in  which 
I  diaphragm  was  paralyzed  and  the  thorax  was  opened. 
>se  latter  waves  are  also  due  to  a  rhythmical  action  of  the 
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vasomotor  center.  During  sleep,  certain  much  longer ♦  w*Ve4ikif 
variations  in  the  blood-pressure  also  occur  that  are  again  due  doulH- 
less  to  a  rhythmical  change  of  tone  in  the  vasoconstrictor  ewiUf. 


Fljf.  Zise.— Rhjrthmical  viijiomotor  wav«»  of  hlood-prcs^iire  in  m  dog  rTrmubl^lJ 
waves).     Hie  upper  tmcinj^  <1)  w  thp  blood-prcn-tiro  nv-ird  mB  t*ken  with  tM  I 
mamune'tt^r:  the  lower  trairiiiK:  (2>   i-«*  la  ken  i^ith  a  llilrthle  manometBT.     " 
respirtttoiy  w&vea  of  bLoo(i-pre«i«un}  may  bo  recognised  &a  each  larse  wav 

General  Course  and  Bistrlbution  of  the  Vasodilator  Fibtrs.! 

—By  tlefinition  a  vasodilator  fiber  is  an  efferent  fiber  which  v^ai  I 
stimulated  causes  a  dilatation  of  the  arteries  in  the  region  aippliflt  ] 
In  searcliing  for  the  existence  of  such  fibers  in  the  various  oeHf  i 
trunks  physiologists  have  used  all  the  methods  referred  to  above,-J 
namely,  the  flusliing  of  the  organ  as  seen  by  the  eye,  the  inc 
blood-flow,  the  increase  in  vohinie,  or  the  fall  in  blood-pr 
the  arterial  side  associated  with  a  rise  on  the  venous  side. 
these  methods  vasodilator  fibers  have  been  demonstrated  iiij 
following  regions : 

1,  In  the  facial  nen^e.     The  dilator  fiber**  are  found  in  % 

{)ani  tiranrh  and  are  distribuletl  to  the  salivary   ^l 
say  and  Kubhnjtrual)  and  to  the  anterior  two-tlii- 

2,  In  the  glos8ophar\iigeiil  nenc.     Supplies  dilator  ti  lej 

third  of  ton^e,  tonsils,  phanTtXi  parotiii  gland  <  iymj«4iiie  i 

3,  In  the  sympatlictrc  cliain-     Ln  the  cervical  portion  oi"  the  mop 

dilator  fil>er«  are  carried  whirh  are  distributeii  to  the  muccyts  i 
brane  of  the  mouth  (lips,  jarume,  and  palate"!.  rKn^trds,  and  iht^  ^ 
of  the  cheeks,      llict^*'  fibfrs  pasw  Uf>  the  nock  to  the  superior  ««**►  I 
cal  ganglion  and  theiut"  by  communicating  branches  reach  thrGy  | 
B(*ritiii  ganghoji  and  are  distributed  to  the  bucco-facial  refdoci  ii 
branches  of  the  fJth  crania!  ner\'e.*     From  the  thoracic  ] 
the  s^mpatlictie  vasodilator  filjersj  pass  to  the  abdomij>:il  i 
way  of  the   Pplanchiiic   nen'ei*  and  to  the  limbe    by  smjr  i 
branches  of  the  brachial  and  lumbar  plexuses^  but  the  dataf 
the  dilator  fiV>cTH  for  these  regions  are  not  as  yet  entirely  j 
Goltz  and  others  have  showTi  that  dilator  fibers  ar«  found  ' 
nen*es  of  the  limbic,  but  the  origin  of  thene  fibeis  from  tb©> 
tltetic  chain  has  not  been  dcnlon^l rated* 
*  See  *•  Reclierches  experiment  ales  s*ir  le  syvt^me  nerveux  ' 
Dastreand  Mond,  1HH4, 
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111  the  nervi  ergentee.  Eckhard  first  gave  concluBive  proof  that  tho 
enctioii  of  the  penis  is  essentially  a  vasodilator  phenomenon.  The 
fiben  arise  from  the  first,  second,  and  third  sacral  spinal  nerves,  pass 
to  the  hypogastric  plexus  as  the  nervi  ententes,  and  thence  are  dis- 
tiibiited  to  the  erectile  tissues  of  the  penis. 

le  General  Properties  of  the  Vasodilator  Nerve  Fibers. — 

b  the  vasoconstrictors,  the  vasodilators  are  not  in  tonic 

pr;  at  lea^t,  no  experimental  proof  has  been  given  that  they 

pi  the  case  of  the  erectile  tissue  of  the  penis  and  the  dilators 

i  glands  it  would  seem  that  the  fibers  are  in  activity  only 

I  the  functional  use  of  the  organ,  at  which  time  they  are 

i  netiexly.     There  has  been  much  discussion  in  physiology  as 

I  nature  of  the  action  of  the  dilator  fibers.    The  muscular 

f  the  Bmall  arteries  runs  transversely  to  the  length  of  the 

L  and  it  is  easy  to  see  that  when  stimulated  to  greater  con- 

pn  through  the  constrictor  fibers  it  must  cause  a  narrowing 

f  artery.    It  is  not  so  evident  how  the  nerve  impulses  carried 

le  dilator  fibers  bring  about  a  widening  of  the  artery.    At 

ime  peripheral  S3rmpathetic  ganglia  in  the  neighborhood  of 

rteries  were  used  to  aid  in  the  explanation,  but,  since  histo- 

il  evidence  of  the  existence  of  such  ganglia  is  lacking,  the 

that  seems  to  meet  with  most  favor  at  present  is  as  follows: 

dilator  fibers  end  presumably  in  the  muscle  of  the  walls  of 

rteries,  and  when  stimulated  they  inhibit  the  tonic  contrac- 

>f  this  musculature  and  thus  bring  about  a  relaxation.    These 

I  in  fact  inhibit  the  tonic  contraction  of  the  vascular  muscle 

as  the  vagus  fibers  inhibit  the  tone  of  the  cardiac  muscle. 

ation  caused  by  a  vasodilator  nerve  fiber  always  presupposes, 

fore,  a  previous  condition  of  tonic  contraction  in  the  walls 

e  artery,  this  tonic  condition  being  produced  either  by  the 

a  of  vasoconstrictor  fibers  or  by  the  intrinsic  properties 

e  muscle  itself.     In  the  nerves  of  the  limbs,  as  stated  above, 

vasoconstrictor  and  vasodilator  effects  may  be  detected 

imulation.    It  has  been  shown  that  the  separate  fibers  may 

fijGferentiated   by   certain   differences   in   properties.    Thus, 

B  peripheral  end  of  the  cut  sciatic  nerve  is  stimulated  by 

ly  repeated  induction  shocks  a  vasoconstrictor  effect  is  ob- 

d,  as  shown  plethysmographically  by  a  diminution  in  volume 

3  limb.    If,  however,  the  same  nerve  is  stimulated  by  slowly 

ted  induction   shocks  the  dilator  effect  will  predominate,* 

iting  a  greater  degree  of  irritability  on  the  part  of  these  latter 

.     After  section  of  the  sciatic  nerve  the  vasodilators  degen- 

more  slowly  than  the    vasoconstrictors,  and   they  retain 

irritability  when  heated  or  cooled   for  a  longer  time  than 

>nstrictors.t 

nrditch  and  Warren,  "Journal  of  PhysioloKy^, "  7,  439,  1886. 

well,  Budgett,  and  Leonard.  "Journal  of  Physiology,"  16,  298, 1894. 
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Vasodilator    Center    and    Vasodilator    Reflexes. — Since  tb»  I 
vasodilator  fibers  form  a  system  similar  to  that  of  the  vaaocOK  j 
strictonj,  it  might  be  supposed  that,  Uke  the  latter,  their  activity 
is  controlled  from  a  general  center,  fomiing  a  vasodilator  center  ia 
the  brain  similar  to  the  \'asoconstrictor  center.     Wliat  eviiaw 
we  have,  however,  is  against  this  \iew*     In  the  dog  mth  hisspiml. 
cord  severed  in  the  lower  thoracic  region  the  penis  may  show  DozadlJ 
erection  when  the  glatm  is  stimulated,^a  fact  that  indicaleii 
reflex  center  for  these  dilator  fibers  in  the  limibar  cord.    For  ( 
other  clear  easels  of  vasodilator  fibers  we  have  no  reason  at  prcMflft  * 
to  believe  that  they  are  all  normally  connected  with  a  single  ^roof 
of  nerve  cells  located  in  a  definite  part  of  the  nervous  sysleot  ITi 
dilator  fibers  in  the  facial,  glossophar^^ngeal,  and  cer%^icttl  s^inpr 
thetic  (distributed  through  the  trigeminal)  all  arise  probably  in  tk 
medulla,  but  not,  so  far  as  is  known ^  from  a  common  nuck* 
Intimately  connected  witli  the  question  of  the  existence  of  a  grneol 
vasodilator  center  is  the  possibihty  of  definite  reflex  stimulaiiffl 
of  the  vasodilator  fibers.     As  stated  above,  reflex  dilatation  of  rfp 
blood-vessels  may  be  produced  by  stimulating  various  nerve  trnu* 
containing  afferent  fibei^.     The  depressor  nerve  fibers  of  the  Ui^< 
give  only  this  effect,  and  the  sensory  fibers  from  certain  ffi**  j 
regions,  notably  the  middle  ear  and  the  testis,  cause  mainly,  if  «*| 
exclusively,  a  fall  of  arterial  pressure  due  presumably  to  \TianiltfJ 
dilatation.    The   sensorj^   nerv^  of  the   trunk   and   limlier 
stmiuiated  by  the  gross  methods  of  the  laborator\%  give 
reflex  vasoconstriction  or  reflex  vasodilatation,  and,  as  waa  I 
alx)ve,  there  is  reason  to  believe  that  these  trunks  contain  twO^ 
of  afferent  fibers, — the  pressor  and  the  depressor.    The  acUoiil 
former  predominates  usually,  but  in  deep  anesthesia,  and  ; 
larly  in  those  conditions  of  exposure  and  exhaustion  that  pn 
the  appearance  of  "shock/'  the  depressor  effect  is  more  ma 
indeed,  may  be  the  only  one  obtained.    To  explain  such  de 
effects  we  have  two  possible  theories.    They  may^  be  due  to  i 
excitation  of  the  centers  giving  origin  to  the  vasodilator  fibew  *! 
reflex  inhibition  of  the  tonic  activity  of  the  vasoconstrictors 
The  latter  explanation  Is  the  one  usually  given,  especially  fof  t 
typical  and  perhaps  special  effect  of  the  depressor  ner\'e  of  the  I 
This  explanation  seems  justified  by  the  general  consideratjoo  t 
in  the  two  great  vascular  areas  through  whose  variations  in  < 
the  blood-flow  is  chiefly  regulated,^namely,  the  abdominal ' 
and  the  skin, — the  vasoconstrictor  fibers  are  chiefly  in  e%i 
and  are,  moreover,  in  constant  tonic  activity.    On  the  oiiiti  1 
the  fact  that  vasodilator  filjers  exist  is  presumptive  evideoee  i 
they  are  stimulated  reflexly,  since  it  is  by  this  means  only  1 
can  normally  affect  the  blood-vessels.    Some  of  the  many  i 
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tects  occurring  in  the  body  must  be  due,  therefore,  to  reflex 
imulation  of  the  dilators  and  others  to  reflex  inhibition  of  the 
ostrictors.  It  would  be  convenient  to  retain  the  name  depressor 
r  fhe  sensory  fibers  causing  the  latter  effect,  and  to  designate 
oae  of  the  former  class  by  a  different  name,  such  as  reflex  vaso- 
ktor  fibers.*  Only  experimental  work  can  determine  positively 
idiich  effect  any  given  reflex  dilatation  is  due,  but  provisionally 
least  it  would  seem  justifiable  to  assume  that  dilatation  by  reflex 
nmlation  of  the  vasodilator  fibers  occurs  in  those  parts  of  the 
iy  in  which  vasodilator  fibers  are  known  to  exist.  Thus,  the 
etion  of  the  penis  from  stimulation  of  the  glans  may  be  explained 
tlus  way,  also  the  congestion  of  the  salivary  glands  during  activity, 
)  blushhig  of  the  face  from  emotions,  and  possibly  the  dilatation 
the  skeletal  muscles  during  contraction.  Gaskell  and  others 
re  given  reasons  for  believing  that  the  vessels  in  the  muscles  are 
vplied  with  vasodilator  nerve  fibers,  and  Kleen  f  has  shown  that 
ehanical  stimulation  of  the  muscles — kneading,  massage,  etc. — 
laeB  a  fall  of  arterial  pressure. 

VawdUaUUion  Due  to  Antidromic  Impulses. — The  existence  of  definite  effei^ 
vasodilator  fibers  in  the  nerve  trunks  to  the  limbs  has  beem  made  doubt- 
by  the  work  of  Bayliss.  This  author  has  discovered  certain  facts  which  at 
mt  tend  to  make  the  question  of  vasodilatation  more  obscure,  but  which, 
A  fuUy  imderstood,  wiU  doubtless  give  us  a  much  deeper  insight  into  the 

K  Briefly  stated,  he  has  shownt  that  stimulation  ol  the  posterior  roots 
erves  supplying  the  lumbo-sacral  and  the  brachial  plexus  causes  vas- 
ir  dilatation  in  the  corresponding  limbs.  He  has  fiven  reasons  for  believing 
t  tlie  fibers  involved  are  afferent  fibers  from  the  limbs  and  that,  therefore, 
A  stimulated  they  must  conduct  the  impulses  in  a  direction  opposite  to 

normal — antidromic.  It  is  most  difficult  to  understand  how  such 
mbes,  conveyed  to  the  terminations  of  the  sensory  fibers,  can  a£fect  the 
leolar  tissue  of  the  blood-vessels.  It  is  most  difficult  to  understand  also 
r  BQch  anatomically  afferent  fibers  can  be  stimulated  reflexly  in  the  cen- 

nervous  system.  Bayliss  gives  reasons  for  believing  that  the  limbs 
■ve  no  vasodilator  fibers  via  the  sympathetic  system,  and  that  either  the 
Nl-vessels  in  this  re^on  are  lacking  altogether  in  such  fibers  or  else  the 
rent  fibers  function  m  the  way  described  (see  also  p.  81). 

General  Schema. — ^The  main  facts  regarding  the  vasomotor 
xuatus  may  be  summarized  briefly  in  tabular  form  as  follows: 

I.  Vasoconstrictor  fibers — distributed  mainly  to 
the  skin  and  the  abdominal  viscera  (splanch- 
nic area),  all  connected  with  a  general  center 
_,♦       ..«.^^^«^.  ]  ^  the  medulla  oblongata,  and  in  constant 

fih^  i  *«^^^  activity. 

^^^'  '    II.  Vasodilator  fibers — distributed    especially   to 

the  erectile  tissue,  glands,  bucco-facial  region, 
and  muscles;  not  connected  with  a  general 
center  and  not  in  tonic  activity. 

»8ee  Hunt,  "Journal  of  Physiology,"  18,  381,  1895. 

f  Kleen,  "  Skandinavisches  Archiv  f.  Physiologie,"  247,  1887. 

I  Bayliss,  "Journal  of  Physiology,"  26,  173,  1900,  and  28,  276,  1902. 
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Afferent  fibers   giving  ^ 
vasomotor  reflexes. 


1 .  Pressor  fibers*  Cause  va.«oular  eonstricl 
ruse  of  arterial  pressure  from  reflex ! 
tiou  of  the  vasoconstrictor  cenU 
sensory  nen^es  of  skin. 
11.  Depressor  fillers.  Cause  vascular  dilatatiodiiRl 
fall  of  arterial  pres5ure  from  reflex  ifthibiw  1 
of  the  tonic  acti%^ity  of  the  vasocoostmof  I 
center, — e,  g,,  depressor  nen-'e  of  htAxi.  I 
III.  Depres«5or  (or  reflex  vasodilator)  fibers  CaW  J 
vascular  dilatation  and  fall  of  arfcenal J^ 
sure  from  stimulation  of  the 
center, — e.g.^  erectile  iiasue*  coogesUoB  ( 
glands  in  functional  activity. 

It  may  he  supposed  that  under  normal  conditioos  the  i 
of  this  mechanism  m  adjusted  so  as  to  control  the  blood-flow  t 
the  different  organs  in  proportion  to  their  needs.  When  the  I 
vessels  of  a  given  organ  are  constricted  the  flow  through  tbat< 
is  diminished,  wliile  that  through  the  rest  of  the  body  is  incn 
to  a  greater  or  less  extent  corresponding  to  the  size  of  the  area  < 
volved  in  the  constriction.  When  the  blood-vessels  ot  s^  pK 
organ  are  dilated  the  blood-flow  through  that  organ  is  increased  i 
that  through  the  rest  of  the  body  dimimshed  more  or  less, 
adaptability  of  the  vascular  system  is  wonderfully  complete, 
is  worked  out  mainly  through  the  reflex  activity  of  the 
system  exerted  partly  through  the  vasomotor  fibers  and 
through  the  regulator^'  nerves  of  the  heart. 

Reguktioo  of  the  Blood-supply  by  Chemical  and  Me 
leal  StimElL— From  time  to  time  attention  has  been  calW  I 
the  fact  that  the  calibre  of  the  blood-vessels  may  be  influ 
otherwise  than  through  the  agency  of  vasoconstrictor  and  v* 
dilator  nerve  fibers.  Gaskellj  for  example,  has  sho^Ti  that  Jkoij 
in  slight  concentration  cause  a  vascular  dilatation.  BayliaB^f 
recently  generalized  the  facts  of  this  kind,  and  has  suggested  1 
in  addition  to  the  nervous  regulation  descril>ed  in  the  pn 
pages  there  may  be  formed  chemical  substances  of  a  definite  i 
acter  which  exert  a  similar  useful  regulating  action.  As  < 
of  this  influencep  we  have  the  lactic  acid  produced  in  muscles  ( 
activity  and  probably  also  the  carbon  dioxid  produced  in  tkoBt 
in  other  tissues.  These  substances  may  act  to  produce  a 
dilatation  .during  functional  activity  and  thus  proWde  the  ^ 
with  more  blood  at  the  time  that  it  is  needed.  On  the  othff  I 
the  internal  secretion  of  the  adrenal  glands  (epinephrin)  and  | 
bly  also  of  the  infundibular  portion  of  the  pituitar\*  gland  i 
the  reverse  cfTect,  causing  a  vasoconstriction  and  thus  tCftffilCl 
maintain  normal  vascular  tone.  Evidence  has  accumulated  1 
reeent  years  which  indicates  that  the  secretion  of  epinephrin  I 
be  increased  under  various  conditions,  such  as  emotional 
•  Bayliss  in  "Ergebnisse  der  Physiologie/*  IQOfi,  v,^  319. 
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Bnt  or  sensory  stimulation,  and  it  is  possible  that  by  this  means 
«  arterial  pressure  may  be  regulated  under  special  conditions, 
iien^utically,  various  substances  may  be  introduced  into  the 
leolation  which  by  chemical  action  cause  a  constriction  or  a 
Station  of  the  peripheral  arteries  and  thus  raise  or  lower  general 
Kxi-pressure.  In  the  former  class  of  vasoconstricting  reagents 
have  such  substances  as  epinephrin,  digitalis,  etc.,  while  in  the 
fcer  class  the  nitrites,  especially  amyl  nitrite  (Bnmton),  have 
91  much  used,  particularly  in  such  conditions  as  angina  pectoris, 
which  a  quick  relief  from  a  state  of  vascular  hypertension  is 
arable. 


CHAPTER  XXXIII. 

THE  VASOHOTOR  SUPPLY  OF  THE  DIFFERENT 
ORGANS- 

There  are  three  important  organs  of  the  body—namdyj 
heart,  the  lungs,  and  the  brain—in  which  the  existence  of  %  ni 
motor  supply  is  still  a  matter  of  imcertainty.     A  very  great  i 
of  investigation  has  been  attempted  with  reference  to  these < 
but  the  technical  difficulties  in  each  case  are  so  great  that  noctitiPBlf 
satisfactory  conclusion  has  been  reached.    A  brief  re\iew  of  i 
of  the  experimental  work  on  record  will  sufhce  to  make  endent^ 
present  condition  of  our  knowledge. 

Vasomotors  of  the  Heart. — ^The  coronary'  vessels  lie  in  ar| 
the  musculature  of  the  heart.     Any  variation  in  the  force  of  < 
traction  or  tonicity  of  the  heart  muscle  itself  will  therefore  i 
possibly  the  caliber  of  the  arterioles  and  the  rate  of  blood-flow  ml 
coronary  syst-em.    At  each  contraetion  of  the  ventricles  the  i 
nar>'  circulation  is  probably  interrupted  by  a  compression  of  I 
smaller  arteries  and  veins,  and  the  size  of  these  vessels  during  <f * 
tolc  will  naturally  v^ry  with  the  extent  of  relaxation  of  the  i 
muscle.     Since  stimulation  of  either  of  the  efferent  nerv^  sup 
the  heart,  vagus  and  sympathetic,  affects  the  condition  of  the  i 
culature,  it  is  evident  at  once  how  difficult  it  is  to  distin 
simultaneous  effect  upon  the  coronary  arteries,  if  any  such  \ 
Newell  Martin*  found  that  stimulation  of  the  vagus  causes  i 
tion  of  the  small  art-eries  on  the  surface  of  the  heart  as  seen  i 
a  hand  lens.     Moreover,  w^hen  the  heart  is  exp08ed  and  arlii 
respiration  is  stopped  the  art€^ries  may  be  seen  to  dilate 
the  asphyxia  causes  any  general  rise  of  arterial  pressure. 
interpreted  the^se  obser\'ations  to  mean  that  the  coronary  i 
receive    vasodilator  fibers  through  the  vagus.     Porterf 
the  outflow  through  the  coronary  veins  in  an  isolated  cftt^s  1 
kept  alive  by  feeding  it  with  blood  through  the  coronary  i 
He  found  that  this  outflow  is  diminished  when  the  vagitf  : 
is  stimulated,  and  hence  concluded  that  the  vagus  carries ' 
Btrictor  fibers   to  the   heart.     Maasf  reports   similar 
obtained  from  eats'  hearts  kept  alive  by  an  artificial  ch 
through  the  corouary  arteries.     Stimulation  of  the  vagus  I 

*  Martin,  ''Transactions  Medical  ami  Ghirurgieal  Faculty  of  ' 
1891. 

t  Porter,  *'  Boston  Medical  and  Surgical  Journal,  '*  January  %  I8ii 
j  Maas,  *' Archiv  f.  die  gesammte  Physiologie,"  74,  2&1,  1£09, 
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5  stream  (vasoconstrictor  fibers),  while  stimulation  of  the 
npathetic  path  quickened  the  flow  (vasodilator  fibers).  Neither 
aas  nor  Porter  gives  conclusive  proof  that  the  heart  musculature 
18  not  afifected  by  the  stimulation.  Wiggers  reports*  that  the 
feet  of  epinephrin  upon  a  heart  perfused  through  the  coronary 
toies,  but  not  beating,  is  to  decrease  the  flow,  while  upon  the 
sating  heart  this  effect  is  reversed,  owing  to  the  action  of  the 
Mnephrin  upon  the  heart  contractions.  Schaefer,t  on  the  con- 
•aiy,  gets  entirely  opposite  results.  When  an  artificial  circula- 
on  was  maintained  through  the  coronary  system  and  the  amount 
'  outflow  was  determined,  he  found  that  this  quantity  was  not 
Aiitdy  influenced  by  stimulation  of  either  the  sympathetic  or 
le  vagus  branches.  Moreover,  injection  of  epinephrin  into  the 
ttmary  circulation  had  no  influence  upon  the  outflow,  and  since 
is  substance  causes  an  extreme  constriction  in  the  vessels  of 
gans  provided  with  vasoconstrictor  fibers,  the  author  concludes 
at  the  coronary  arteries  have  no  vasomotor  nerve  fibers.  Lang- 
doiff  reports  that  strips  of  coronary  artery  suspended  in  an  epi- 
fdirin  solution  exhibit  relaxation  instead  of  the  contraction  shown 
mother  arteries,  and  this  fact,  if  corroborated,  might  be  considered 

evidence  for  the  presence  of  vasodilator  fibers.  It  is  evident 
m  a  consideration  of  these  results  that  the  existence  of  vasomotor 
lers  to  the  heart  vessels  is  still  a  matter  open  to  investigation. 

Vasomotors  of  the  Pulmonary  Arteries. — The  pubnonary 
xnilation  is  complete  in  itself  and,  as  was  stated  on  p.  510,  it 
feis  from  the  systemic  circulation  chiefly  in  that  the  peripheral 
nstance  in  the  capillary  area  is  much  smaller.  Consequently 
e  arterial  pressure  in  the  pulmonary  artery  is  small,  while  the 
locity  of  the  blood-flow  is  greater  than  in  the  systemic  circuit, — 
Kt  is,  a  larger  portion  of  the  energy  of  the  contraction  of  the 
^t  ventricle  is  used  in  moving  the  blood.  From  the  mechanical 
nditions  present  it  is  obvious  that  the  pressure  in  the  pulmonary 
tary  might  be  increased  by  a  vasoconstriction  of  the  smaller 
Dg  arteries,  or,  on  the  other  hand,  by  an  increase  in  the  blood- 
m  to  the  right  ventricle  through  the  venae  cayse,  or,  last,  hj 
ek  pressure  from  the  left  auricle  when  the  left  ventricle  is  not 
ipfying  itself  as  well  as  usual  on  account  of  high  aortic  pressure. 
Ule  it  is  comparatively  easy,  therefore,  to  measure  the  pressure 
the  pulmonary  artery,  it  is  difficult,  in  the  interpretation  of  the 
anges  that  occur,  to  exclude  the  possibility  of  the  effects  being 
e  indirectly  to  the  systemic  circulation.    Bradford  and  Dean,} 

comparing  carefully  the  simultaneous  records  of  the  pressures 
the  aorta  and  a  branch  of  the  pulmonary  artery,  came  to  the 

♦Winers,  "Americsan  Journal  of  Physiology,"  1909.  Proceedings  of 
American  Physiological  Society. 

I ''Archives  aes  sciences  biologiques, "  11,  suppl.  volume,  251,  1905. 
Bradford  and  Dean,  "  Journal  of  Physiology,  '^  16,  34, 1894. 
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conclusion  that  the  latter  may  he  affectetl  independently  by  stimtir 
lation  of  the  third,  fourth,  and  fifth  thoracic  spinal  nervei^wi 
hence  concluded  that  these  nerves  contain  vasoconstrictor  filtfl  ' 
to  the  piilmonary  vessels,  the  course  of  the  fibers  being,  iii  gieMii, 
that  taken  by  the  accelerator  fibers  to  the  heart,  aam€l>\  U)  tin 
first  thoracic  sympathetic  ganglion  by  the  rami  conunimkauttl } 
and  thence  to  the  pulmonary  plexus.    They  give  e^adence  to  Act  I 
that  these  fibers  are  stimulated  during  asphyxia.     The  autl)cn| 
state,  however,  that  the  effects  obtained  upon  the  pressure  in  tk  I 
pulmonan^  artery^  are  relatively  and  absolutely  small  as  compiw4| 
with  the  vasomotor  effects  in  the  aortic  system.    Similar  resollij 
have  been  obtiiined  by  other  observers  (Frangois-Franck).    Uw|| 
another  and  more  direct  method,  Brodie  and  Dixon*  have  i 
to  an  opposite  conclusion.     These  authors  maintained  an  artificiil] 
circulation  through  the  lungs  and  measured  the  rate  of  outfi 
when  the  nerves  supplying  the  lungs  were  stimulated.     Under t 
conditions  stiiiudation  of  the  vagus  or  the  sympathetic  caused  i 
definite  change  in  the  rate  of  flow, — a  result  which  would  ! 
that  neither  nerve  conveys  vajsomotor  fibers  to  the  lung  vesKkl 
This  conclusion  was  strengthened  by  the  fact  that  in  similar  i 
fusions  made  upon  other  organs  (intestines)  vasomotor  effecuw«ffl 
easily  demonstrated.     Moreover,  epinephrin,  pilocarpin,  and  ma^J 
carin  cau.sc  marked  vasoconstriction  when  irrigated  through  1 
intestine,  but  have  no  such  effect  upon  the  vessels  in  the  I 
These  authors  conclude  that  the  lung  vessels  have  no  vasao 
nerves  at  all,  and  their  experimental  evidence  might  be  acceptidl 
as  satisfactory  except  for  the  fact  that  a  similar  method  in  thf  | 
hands  of  another  observer  has  gi\en  opposite  results.     Pluini«^tj 
finds  that  tlie  outflow  through  a  perfused  lung  is  diminislMti  aj 
some  cases  by  stimulation  of  the  sympathetic  branches  to  the  hm0li| 
and  also  by  the  use  of  epinephrin.     Under  such  condi' 
necessary  to  defer  a  decision  imtii  more  experiments  an 
Regarding  the  vast^motors  of  the  lungs,  one  can  only  say,  asi 
case  of  the  heart,  that  their  existence  has  not  been  demons 

The  Circulation  in   the  Brain  and  Its  Reflation.— T 
question  of  the  existence  of  vasomotor  nerves  to  the  brain  f 
up  necessarily  the  larger  question  of  the  special  charact 
the  cranial  circulation.     The  brain  is  contained  in  a  rigid 
that  its  free  expajision  or  contraction  with  variations  in  the  i 
of  blood  can  not  take  place  as  in  other  oi^gans  and  we  have  to  < 
sider  in  how  far  this  fact  modifies  its  circulation. 

The  Arterkd  Supply  of  the  Brain. — ^The  brain  is  supplied  1 

the  two  internal  carotids  and  the  two  vertebrals,  which 

form  the  circle  of  Willis.     It  will  !:»e  remembered  also  thil ' 

*  Brodie  and  Dixon,  "Journal  of  Physiology,"  30,  470»  1904. 
t  Pluinier,  *' Journal  de  phy.Hiologie  et  ile   pMhologic  ii^n^fftle.'*^' 
1904;  s€©  abo  ''Archives  intern  a  tionales  de  physiologie/ '  1,  189, 190t 
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^^^rtebral  arteries  give  off  the  posterior  and  the  anterior  spmal  arte- 
*itt,  which  supply  the  spinal  cord,  and  that  the  last-named  artery 
iKiakes  anastomoses  along  the  cord  with  the  intercostal  arteries 
tud  other  branches  from  the  descending  aorta.    From  the  ana- 
tanical  arrangement  alone  it  is  evident  that  the  circulation  in  the 
fanun  is  very  well  protected  from  the  possibility  of  being  inter- 
ftxpied  by  the  accidental  closure  of  one  or  more  of  its  arteries.    In 
Some  anhnals,  the  dog,  one  can  ligate  both  internal  carotids  and 
both  vertebrals  without  causing  unconsciousness  or  the  death  of  the 
animal.    In  an  animal  imder  these  conditions  a  collateral  circula- 
tion must  be  brought  into  play  through  the  anastomoses  of  the 
mpaul  arteries.    In  man,  on  the  contrary,  it  is  stated  that  ligation 
Cf  both  carotids  is  dangerous  or  fatal. 

The  Venous  Supply, — ^The  venous  system  of  the  brain  is  peculiar, 
QBpecially  in  the  matter  of  the  venous  sinuses.  These  lai^e  spaces 
mn  contained  between  folds  of  the  dura  mater  or,  on  the  base  of 
tlie  skull,  between  the  dura  mtater  and  the  bone.  The  channel 
boDowed  out  in  the  bone  is  covered  with  a  roof  of  tough,  inex- 
tenible  dura  mater,  and  indeed  in  some  animals  the  basal  sinuses 


'^mh         WM^         ^^■■■{/■'^■' 


ng.  257. — ^Diayam  to  repraeent  the  relations  of  the  menincBeal  membranes  of  the  oere- 
omm,  the  position  of  the  subaraclmoidal  space  and  of  the  venous  sinuses. 

*>iay  in  part  be  entirely  incased  in  bone.    The  larger  cerebral  veins 

^t^pcn  into  these  sinuses;  the  openings  have  no  valves,  but,  on  the 

;-  •ontrary,  are  kept  patent  and  protected  from  closure  by  the  struc- 

"f^nre  of  the  dura  mater  around  the  orifice.    The  sinuses  receive 

«lood  also  from  the  veins  of  the  pia  mater,  dura  mater,  and  from 

I;  "^lie  bones  of  the  skull  through  the  diploic  veins.     The  venous  blood 

'  ^merges  from  the  skull  in  man  mainly  through  the  opening  of  the 

•■•teral  sinuses  into  the  internal  jugular  vein,  although  there  is  also 

^communication  in  the  orbit  between  the  cavernous  sinus  and  the 

^.^Iphthalmic  veins  through  which  the  cranial  blood  may  pass  into 

"''^fce  qrstem  of  facial  veins  or  vice  versa,  another  communication 

^h  the  venous  plexuses  of  the  cord,  and  a  number  of  small  emis- 

%My  veins.     In  some  of  the  lower  animals — the  dog,  for  instance — 

'(he  main  outflow  is  into  the  external  jugular  through  what  is  known 
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as  the  superior  cerebral  vein,  A  point  of  physiolo^cal  ini 
that  the  venous  sinuse^;  and  their  |>oints  of  emergence  frumtl 
are  by  their  structure  well  protected  from  closure  by  comp 
The  Metiingcal  iSpace^,— The  general  arrangement  of  the 
geal  membranes,  and  particularly  of  the  meningeal  8])aoa 
portant  in  connection  with  the  mechanics  of  the  brain  circ 
In  the  skull  the  dura  mater  adlxeres  to  the  bone,  the  pi 
invests  closely  the  surface  of  the  brain,  while  bet^'een 
arachnoid  (Fig.  257).  The  capillar}"  space  l>etween  the  ai 
and  the  dura,  the  so-called  subdural  space,  may  be  m 
Between  the  arachnoid  and  the  pi|i  mater,  however,  U«  i 

arachnoidal  ^pace  I 
less  intersected  by  i 
connective  tissue,  bu 
communication  thr 
the  brain  and  cord 
subarachnoidal  space 
A^ith  a  liquid,  the 
spinal  liquid,  which 
pad  inclosing  the  br 
cord  on  all  sides.  TI 
surrounding  the  eor 
free  communicatioi 
that  in  the  brain,  as 
cated  in  the  accom 
schematic  figure  (Fi^ 
Within  the  brain  itsc 
are  certain  points  at 
gles  and  hollows  of  tl 
ent  parts  of  the  brain  f 
the  subarachnoidal 
is  much  enlarged, 
the  so-called  ctstema 
are  in  communicati 
with  another  by  mean 
less  conspicuous  can 
Fig.  259).  The  wholi 
is  also  in  direct  com 
tion  with  the  vcntr 
the  brain  on  the  on 
ttuxjugh  the  forM 
Magendie,  the  foramina  of  lAtschka,  and  perhaps  at  othei 
and  on  the  other  hand,  along  the  emnial  and  spinal  nei 
continued  outward  in  the  tissue  spaces  of  the  sheaths  of  thea 
The  Pacchionian  bodies  constitute  also  a  peculiar  feature  of 
arachnoidal  space.    These  bodies  occur  in  numbers  that  y\ 


FijR.  25^> — DiasTom  to  show  the  connec* 
tion  of  the  j^ubnitichjioidal  apace  in  the  bniiii 
ftod  the  €ortJ, 
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he  individual  and  with  age,  and  are  found  along  the  sinuses, 

i^)ecially  the  superior  longitudinal  sinus.    Elach  body  is  a  minute, 

iMai^shaped  protrusion  of  the  arachnoidal  membrane  into  the  inte- 

ior  of  a  sinus,  as  represented  schematically  in  Fig.  260.    Through 

Imbb  bodies  the  cerebrospinal 

iquid  is  brought  into  close 

lontaet    with    the    venous 

ilood,  the   two  being  sepa- 

ited  only  by  a  thin  layer 

f  dura  and  the  very  thin 

ochnoid.     The  niunber  of 

he  Pacchionian    bodies    is 

ttdly  sufficient  to  lead  us 

0  suppose  that  they  have  a 

pedal  physiological  impor- 

inoe.    The  cerebrospinal  liq- 

id  found  in  the  subarach- 

oidal  space  and  the  ventri- 

ks  of  the  brain  is  a  very 

Ion,  watery  liquid  having  a 

pedfic  gravity  of  only  1.007 

D  1.008.    It  contains  only 

nces  of  proteins  and  other 

iganic  substances,  which  may  vary  under  pathological  condi- 

bns.    It  is  thinner  and  more  watery  than  the  lymph,  resembling 

ither  the  aqueous  hmnor  of  the  eye.    The  amount  of  this  fluid 


Fig.  250.~Diacnun  to  show  the  location 
of  the  ciatenuB  and  canals  of  the  subarach- 
noidal space. — (Poirier  and  Charpy.) 


lie.  260.— Schenut  to  show  the  relations  of  the  Pacchionian  bodies  to  the  nnuses: 
4,  Folds  of  the  dura  mater,  inclosing  a  sinus  between  them ;  v.b.,  the  blood  m  the 
m;^  a»,the  arachnoidal  membrane;  p,  the  pia  mater;  Pa.,  the  Pacchionian  body  aa 
pntitetion  of  the  arachnoid  into  the  blood  sinus. 


esent  normally  is  difficult  to  determine.     Various  figures  have 
en  given,  but  it  is  usually  stated  to  amount  to  60  to  80  c.c.    If 
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these  figures  are  eorrect  it  evidently  cloe^  not  form  a  thick  envelope 
to  the  nervous  system.  Under  abnormal  conditions  (hydrocfji- 
alus,  etc.)  the  quantity  may  be  greatly  increased,  and  it  is  stated 
that  normally  the  amount  increases  with  age,  after  pul)eTt3f, » 
the  brain  shrinks  in  size.*  It  is  physiologically  interesting  to  4a^ 
that  this  liquid  may  be  fonned  very  promptly  from  the  blomi  aal 
when  in  excess,  be  absorbed  quickly  by  the  lilood.  In  framr« 
of  the  i>ai=ie  of  the  skulb  for  instance,  tlie  liquid  has  been  obeenri 
to  drain  off  steatUly  at  tlie  rate  of  200  c.e.  or  more  per  day.  (>Dtk 
other  hand,  when  one  injects  physiological  saline  into  tlie  ^ 
arachnoidal  space  under  some  pressure  it  is  absorbed  with 
prising  rapidity.  After  death,  also,  the  Hquid  present  in  thei 
ara€hnoi<lal  space  is  soon  aljsorbetl  • 

Intraeranud  Pressure. — By  intracranial  pressure  is  meant  I 
pressure  in  the  space  between  the  skidl  and  the  brain.— t 
the  pressure  in  the  subarachnoidal  liquid  and  presumably  &bo  I 
pressure  in  the  ventricles  of  the  brain,  since  the  two  spaces  ml 
conununication.  This  pressure  may  be  measured  by  boring  at ' 
through  the  skulb  dividing  the  dura,  and  connecting  the  untj« 
lying  space  %\ith  a  manometer.  Observers  who  have  XDeasureil  t 
pressure  state  that  it  is  always  the  same  as  the  venous  ; 
within  the  sinuses.  This  we  can  understand  when  we 
the  close  relations  between  the  subarachnoidal  liquid  and  the  1 
veins  and  sinuses.  We  may  consider  that  the  large  veins  are « 
rounded  by  the  cerebrospinal  liquid,  and  consequently  an  equ 
rium  of  pressure  must  be  established  between  them;  any  rise ifill 
intracranial  pressure  raises  venous  pressure  by  compression  of  1 
veins.  This  statement  holds  true  at  least  so  far  as  the  intu 
pressure  is  due  to  the  circulation.  The  intracranial  pressure  I 
caused  and  controlled  normally  l>y  the  pressure  within  the  art« 
and  capillaries.  This  pressure,  by  enlarging  these  vessels,  ienM 
expand  the  brain  against  the  skull,  and  exercises  a  pressure,  1 
fore,  upon  the  intervening  cerebrospinal  liquid.  This  pn 
however,  cannot  exceed  that  in  the  veins,  since,  as  said^  \ 
will  be  equalized  by  a  corresfTOnding  compression  of  the 
The  venous  pressure  in  the  end  determint\s,  therefore,  the  : 
amount  of  intracranial  pressure.  Conditions  which  alt^ 
pressure  in  the  cerebral  veins  affect  the  intracranial 
correspondingly.  Thus,  comprt^ssion  of  the  veins  of  the 
raises  the  pressure  in  the  cerebral  veins  and  also  intracranial  I 
sure,  and  a  higher  general  arterial  pressure  also  results  finally (> 
higher  pressure  in  the  cerebral  veins  and  therefore  in  ibe  < 
arachnoidal  space.  Under  pathological  conditions,  such  as  t« 
abscesses,  excessive  formation  of  cerebrospinal  liquid,  etc^,  ^^ 
lead  to  a  general  compression  of  the  brain,  intracranial  pressfl*  | 
•  Stillman,  "Archives  of  Internal  Medicine/*  8,  193,  191L 
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creased  beyond  normal  limits.  Experimental  investiga- 
r  that  SO  long  as  the  intracranial  pressure  remains  below 
le  arteries  supplying  the  brain  the  circulation  through 
is  not  markedly  affected.  If,  however,  the  intracranial 
ises  above  general  arterial  pressure  the  flow  through  the 
of  the  brain  is  prevented  and  a  condition  of  anemia  re- 
1  would  presumably  cause  unconsciousness.  In  anesthet- 
ils  submitted  to  such  a  condition  it  has  been  shown  that 
sation  takes  place ;  the  anemic  condition  of  the  me- 
iulates  the  cardio-inhibitory  center,  causing  a  slower 
•;  at  the  same  time 
ites  also  the  vaso- 
ter,  causing  a  general 
riction  in  the  rest  of 
the  result  of  which 
the  arterial  pressure 
tblish  the  cranial  cir- 
ZJushing).* 

d  to  itA  simplest  form, 
conditions  may  be  re^ 
r  a  schema  such  as  is 
g,  261.  A  system  with 
apillar^  area,  and  a  vein 
ed  as  mclosed  in  a  rigid 
irrounded  by  an  incom- 
[uid.  According  to  the 
prevailing  in  the  body, 
3  in  the  interior  of  A  and 
3  is  much  higher  than  in 
,  the  pressure  in  i4  is  in- 
greater  pressure  brought 

the  walls  will  tend  to 
im:  a  greater  pressure 
f  be  communicated  to 

liquid,  which,  in  turn, 
es  the  veins  correspond- 
)  expansion  on  the  arte- 
I  made  possible  by  a 
Dg  diminution  on  the 
e    where    the    internal 


J 


V 


Fi^.  261. — Schema  to  represent  the 
trensmission  of  arterial  preesure  through 
the  brain  substance  to  the  veins:  A,  The 
artery,  V,  the  vein,  represented  as  entering 
into  and  emerging  from  a  box  with  rigid 
walls  and  filled  with  incompressible  liquid; 
c,  c,  the  intervening  area  of  small  arte- 
ries, etc.  An  expansion  of  the  walls  of 
the  arterial  system  by  the  pulse  wave  or  by 
a  rise  of  arterial  pressure  increases  the  pres- 
sure on  the  surrounding  Uquid  and  tms  is 
transmitted  through  the  Uquid  to  the  walls 
of  the  veins  and  compresses  them,  since  at 
this  point  of  the  circuit  the  intravascular 
pressure  is  low. 

corded  measurements  of  the  intracranial  pressure  show 
%y  vary  from  50  to  60  mms.  of  mercury,  obtained  dur- 
sat  rise  of  pressure  following  strychnin  poisoning,  to  zero 
obtained  by  Hillf  from  a  man  while  in  the  erect  pos- 
this  position  the  negative  influence  of  gravity  is  at  its 


ag,  "American  Journal  of  the  Medical  Sciences,"  1902  and  1903. 

rster,  Burrows  and  Essick,  "Journal  of  Experimental  Medicine, 

)9. 

s  and  Hill,  "  Journal  of  Physiology,"  18,  356,  1895. 
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The  Effect  of  Variations  in  Arterial  Pressure  upon  the  Blood* 
fiow  through  the  Braiit. — Quite  a  number  of  obs€*rvers*  haveprort'^ 
experimentally  that  a  rise  of  general  pressure  is  followed  notoolfj 
by  an  increase  in  the  intracranial  tension^  but  also  by  aniiici 
blood-flow  through  the  brain.     There  has  been  much  diaiussioal 
to  whether  a  rise  of  arterial  pressure  in  the  basilar  arteries  cimc 
any  actual  increase  in  the  amount  of  blood  in  the  brain  on 
it  expresses  itself  solely  or  mainly  as  an  increased  amount  of  flot" 
In  the  other  organs  of  the  Iwdy^  except  perhaps  the  bones,  a  geoed 
rise  of  pressure,  not  accompanied  by  a  constriction  of  the  orv^^ 
own  arteries,  causes  a  dilatation  or  congestion  of  the  or^ao  tog^iitf 
with   an   increased   blood-flow.     Ph^^siologically   the   congjcatioo- 
that  iSj  the  increased  capacity  of  the  vessels — is  of  no  value;  tht 
important  thing  is  the  increase  in  the  quantity  of  blood  flowing 
through.     In  the  brain,  owing  to  the  peculiarities  of  its  poatim. 
it  has  been  suggested  that  iierhaps  no  actual  incmase  in  -^  ' 
possible.     It  Is  evident,  howe\'er.  that  the  existence  of  tht-   . 
in  the  subarachnoidal  space  makes  possible  some  actual  r-Xfyoi 
sion  of  the  organ.     For  as  the  pressure  upon  this  liquid  incp 
may  be  driven  into  the  dural  sac  of  the  cord  (Fig.  258)  and  ^iiaKJ 
sheaths  of  the  cranial  and  spinal  nerves.     To  what  extent 
actually  possible  in  man  we  tio  not  know,  nor  do  w^e  know  hoir  i 
cerebrospinal  liquid  is  contained  in  the  skull  and  brain  of  r^'"*-   b 
the  dog  Hillf  hnds  experimentally  that  the  brain  can  expand  oiQly 
l>v  an  amount  ecjual  to  2  or  3  c.c,  without  causing  a  rise  of  intii' 
cranial  tension ;  so  that  probabl>'  these  figures  represent  the  arnotfBl 
of  expansion  possible  in  this  aninml  by  simple  squeezing  out  of  tit 
cerebrospinal  liquid.     If  the  rise  of  arterial  pressure  is  auch  «  to  J 
expand  the  brain  beyond  this  point,  then  it  may  not  only  (oi 
out  cerebrospinal  liquid,  if  any  remains,  bnt^  as  ex  plainest  in ' 
last  paragraph,  it  will  compress  the  ^'ein3  and  miae  int 
pressure.    To  the  extent  that  the  veins  are  compressed  as  the  i 
teries  exjxind  no  actual  increase  in  the  size  or  blocMl^^|jacity  o(t 
brain  takes  place.     That  an  expansion  of  the  brain  arteries  < 
presses  the  veins  is  indicatetl  very  clcariy  by  the  normal  «>ccu 
of  a  venous  pulse  in  this  organ.     The  bl«>od  flows  out  of  the  \t 
the  brain  in  pulses  synchronous  with  the  arterial  pulses,  ao«i ' 
venous  pulse  may  be  recorded  easily  as  shown  in  Fig,  262.    lol 
case  the  sudden  expansion  of  the  arteries  compresses  the  * 
veins,  gi^'ing  a  synchronous  rise  of  pressure  in  the  interior  of  I 
sinuses.    Some  authors  (Geigeb  Grashey),  on  purely 

•  See'Gartner  and  Wagner,  **Weiiier  med.  Wochenschrift,"lS87;ilfil 
and  Verhorgen,  **  Journal  dc  M^kiecirif,  etc,/'  Brussels;  Roy  and  Sbeffi«L 
''Journal  i>f  PhysiolQKV%"  li,  85,  IStMJ;  Reiner  and  Sohnittler,  **  ArehlTl* 
Pathol  u.  Pharraakol./  38,  249,  1897. 

t  Hill   "The  Physiology  and  Patholog;>'  of  the  CerebnU 
London,  1896. 
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grounds,  have  held  that  this  compression  of  the  veins  in  cases  of  an 
extensive  rise  in  arterial  pressure  may  result  in  a  diminished 
Wood-flow  through  the  organ, — a  sort  of  self-8tranp:iilation  of 
itfio^'n  circulation.  Actual  experiment  shows  that  this  is  not  the 
ciiae.  Any  ordinary  rise  of  general  arterial  pres-sure  is  accompanied 
by  a  greater  blood-flow  throuf^h  the  brain,  so  long  as  the  arterial 
presmire  remains  above  intracranial  pressure.  Whether  the  brain 
increases  in  volume  as  a  result  of  a  rise  of  arterial  pressure  is^  on  the 
ph}^ological  side,  unim|K>rtant;  tliemain  point  is  that  the  amount 
of  blood  flowing  through  it  is  increased  under  such  circumstances  as 
would  cause  a  like  result  in  other  organs.  That  the  compression  of 
the  veins  does  not  produce  any  sensible  obstruction  to  the  blood- 
tew  may  be  understood  easily,  In  the  first  place,  this  compression 
loes  not  take  place  at  the  narrow  exit  from  the  skull, — ^since  at  that 
oint  the  sinuses  are  protected  from  t  he  action  of  intracranial  press- 
The  compression  takes  place  doubtless  upon  the  cerebral  veins 


^-  ^^f.: — Simultaneous  record  of  pulae  m  tbe  circle  of  WillLa  (c)  and  in  the  tortfu- 

B«rophui   (t).      The  tra^infc  from  the  cirde  of  Willis  u-as  o<btame<:l  by  meanA  of    a 

rtlue  manometer  ccJtinected  with  the  head  end  of  the  int^prnal  carotid.     Lt  will  be  tiot^ 

liae«  are  Mimiltaneou'iH  yidicatLofc  that  the  venous  pube  is  due  to  the  1 

I  ftitenal  pube  throuj;h  the  brain  aub@taat>e. 


Saptying  into  the  sinuses,  and  at  this  point  the  venous  bed, 
iken  as  a  whole,  is  so  large  that  the  expansion  due  to  an 
rtliiiar>'  rise  of  arterial  pressure  is  distributed  and  has  but  little 
ffect  on  the  vohmie  of  the  flow.  Secondly,  ven'  great  increases  in 
"rterial  pressure,  up  to  the  point  of  rupture  of  the  walls,  have  less 
aidless  effect  in  actually  expanding  the  arteries;  a  point  is  reached 
TOitually  at  which  these  tubes  become  practically  rigid,  so  that 
^ber  expansion  is  impossible.  This,  of  course,  is  tnie  for  everv^ 
ligan. 

The  Regulation  of  the  Brain  Circulation.— It  is  still  a  matter 
»f  uijcertaint>"  whether  the  arteries  of  the  brain  jwssess  vasomotor 
nerves.  Most  of  the  authors  who  have  studied  the  matter  experi- 
afintally  have  concluded  that  there  are  none.*  These  authors  were 
oable  to  show  that  stimulation  of  any  of  the  nen*e  paths  that 

lit  innerv^ate  the  brain  vessels  causes  local  effects  upon  the  brain 

'See  Roy  and  Sherrington.  Ravlis.^  and  Hill»  Hill,  Gaertner  and  Wapier, 
ft.,  and  Hill  and  MaeLeod,  "Journal  of  Physiology,  '  25,  394,  1901. 
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circulation.    Whenever  such  stimulations  caused  a  change  in  pffSr 
sure  or  amount  of  flow  in  thebmin  the  result  was  referable  to  an  situ- 
ation of  general  arterial  pressure  produced  by  a  vasomotor  chanl^ 
elsewhere  in  the  body.    When  as  a  result  of  such  stimuladon  tbB 
pressure  rises  in  the  circle  of  Willis,  one  may  infer  that  if  this  is  diJC 
to  a  local  constriction  in  the  cerebral  arterioles  there  should  be  • 
fall  of  pressure  in  the  venous  sinuses  and  a  dindnished  flow  of  blood; 
if,  on  the  contrary,  it  is  due  to  a  constriction  elsewhere  in  the  bfjdT 
that  has  increased  general  arterial  pressure,  but  has  not  constricted 
the  brain  circuit,  then  there  should  be  a  rise  in  venous  pressure  aod 
intracranial  pres^surep  together  with  a  greater  flow  of  blood  tlirough 
the  brain.     Most  observers  obtain  tliis  latter  result.     Some  ixLym- 
tigators,    Hiirthle,    Francois-Franck^  and   others,*  on   the  other 
hand,  have  obtained  results,  especially  from  stimulation  of 
cervical  sympathetic,  which  indicated  local  vasoconstriction  or 
dilatation  in  the  brain.     So  far  as  the  experimental  results  for 
against  vasomotors  are  based  upon  a  determination  of  the  amouuf 
of  flow  through  the  brain  or  upon  measurements  of  pressure  within 
the  circle  of  Willis,  it  has  been  shown  that  an  undetermined  f»^ 
tor  is    involved  which  makes  such  observations   unsatisfactotr. 
It  has  been  shown  t  in  experiments  upon  dogs  that  when  the  iiiov 
crania!  pressure  is  raised  so  high  as  to  obliterate  the  circulation 
through  the  brain  substance  itself  an  abundant  circulation  m^yl^ 
maintained  through  the  skull  by  perfusion  into  the  internal  carotid 
— thai  is  to  say,  there  are  paths  between  the  circle  of  Willis  and  <h* 
emergent  veins  other  than  the  capillary  circulation  through  tk 
brain  substance.     One  such  path  is  furnished  by  an  anastorooi 
at  the  base  of  the  skull  between  the  circle  (through  the  iDterai) 
carotid)  and  the  ophthalmic  branch  of  the  internal  maxillar}' artrry* 
It  might,  therefore,  very  well  happen  that  the  circulation  intbcbriift 
substance  may  be  changed  without  materially  affecting  theamooftt 
of  blood-flow  from  the  brain,  owing  to  the  fact  that  these  otbff 
paths  are  open.     Weber »  who  used  the  pleth>\smographic  roctbw 
of  measuring  the  volume  of  the  brain ^  states  positively  that  siiB^ 
lation  of  the  cervical  sympathetica,  of  the  cortical  surface,  and  of 
various  sensory  nerves  gives  in  animals  such  changes  in  bna 
volume  as  can  only  be  interpreted  by  the  assumption  that  the  bnft 
vessels  possess  both  vasoconstrictor  and  vasodilator  nerve-fibrt*. 
Since  these  react'wns  can  be  obtained  refiexly  after  destnictkHirf 
the  general  vasomotor  center  in  the  medulla^  he  is  forced  io  Mssatof 
a  special  vasomotor  center  for  the  brain  lying  further  forward  lb*!* 

♦  Hiirthle,  "Ardiiv  f.  die  Kesammtc  Physiologic/'  44,  574»  18S9;  FiWj^ 
Fratick,  "Archives  de  phvsioL  norniale  et  pathologique/'  1890;  Ww* 
**Afchiv  f.  Physiologie;''  mH,  457. 

t  Eyster,  barrows,  and  Eiick^  **  Journal  of  Exp.  Medicine,"  lt»480,  I* 
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the  medulla,  a  conclusion  which  is  not  entirely  satisfactory.  An 
argument  of  a  different  kind  in  favor  of  vasomotor  fibers  has  been 
submitted  by  Wiggers.*  In  experiments  made  upon  an  isolated 
hrain  (in  the  skull)  perfused  with  an  artificial  circulation,  he  states 
that  addition  of  epinephrin  caused  a  diminution  in  the  outflow  from 
the  organ,  thus  showing  that  the  epinephrin  had  caused  a  constric- 
tion somewhere  in  the  circuit.  If,  as  some  authors  believe,  epineph- 
rin acts  only  on  plain  muscle  that  is  innervated  by  sympathetic 
nerve-fibers,  this  result  furnishes  indirect  evidence  for  the  existence 
of  such  fibers  in  the  case  of  the  brain  vessels.  Using  the  same 
method,  this  author  states  that  electrical  stimulation  applied 
directly  to  the  sheath  of  the  internal  carotid  at  its  entrance  into 
the  skull  also  causes  a  decrease  in  the  outflow,  a  fact  which  would 
indicate  the  existence  of  constrictor  fibers  running  in  the  sheath 
of  this  artery.  On  the  whole,  it  will  be  seen  that  the  evidence  for 
the  existence  of  a  vasomotor  regulation  of  the  brain  circulation  is 
not  conclusive.  If  vasomotors  are  present  it  is  possible  that  they 
Diay  serve  to  control  the  distribution  of  blood  within  the  cerebral 
area,  while  the  general  supply  to  the  brain  as  a  whole  is  increased  or 
decreased  by  a  mechanism  of  another  sort  described  by  Roy  and 
Shemngton.  According  to  these  authors  the  blood-flow  through 
the  brain  is  controlled  indirectly  by  vasomotor  effects  upon  the  rest 
^  the  body.  When,  for  example,  a  vasoconstriction  occurs 
jn  the  skin  or  the  splanchnic  area  the  result  is  a  rise  of  pressure 
iu  the  aorta,  and,  therefore,  a  rise  of  pressure  in  the  circle  of  Willis, 
^ch  then  forces  more  blood  through  the  brain.  Adopting  this 
'^,  we  can  understand  the  teleology  of  certain  well-known  vaso- 
inotor  reflexes.  Stimulation  of  the  skin  generally  causes  a  reflex 
tonstriction  and  rise  of  pressure,  and  one  can  well  understand  that 
this  result  is  valuable  if  it  means  a  greater  flow  of  blood  through 
*he  brain,  since  imder  the  conditions  of  nature  such  stimulation, 
especially  when  painful,  demands  alertness  and  increased  activity 
^  the  part  of  the  animal.  Attention  has  also  been  called  to  the 
fcct  that  in  plethysmographic  observations  on  man  the  most 
e*rtain  and  extensive  constrictions  of  the  skin  vessels  are  those 
^Used  by  increased  mental  activity.  Mosso  has  shown  by  observa- 
tions upon  men  with  trephine  holes  in  the  skull  that  the  constriction 
^J' the  limbs  is  always  accompanied  by  a  dilatation  of  the  brain, 
^is  fact,  therefore,  fits  exactly  the  view  that  is  being  considered. 
•**ie  peripheral  constriction,  by  raising  general  blood-pressure,  dilates 
•he  brain  more  or  less,  and,  what  is  more  important,  drives  more 
■^'ood  through  it.     It  is  difficult  to  understand  why  psychical 

•Wiggers,  "American  Journal  of  Physiology,"  1905,  14,  452;  and  21, 
H,  1908. 
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activity  is  always  associated  in  this  way  with  a  peripheral  coftr 
strietioQ  unless  the  object  of  the  reflex  is  to  increase  the  \ko^ 
mipply  to  the  brain.  Even  if  vasomotor  fibers  are  suboequeatlv 
shown  to  be  present  in  the  brain,  the  importance  of  this  reftn'in 
providing  a  greater  flow  to  the  central  origan  at  the  time  that  ills 
in  activity  may  still  be  admitted.  A  general  irrigation,  so  to  spejk, 
is  provided  for  by  this  means.  Local  vasomotors  may  be  used  to 
divert  this  How  mainly  through  one  or  another  cerebral  area. 

Vasomotor  Nerves  of  the  Head  Region* — The  vaacraioU^ 
supply  of  the  various  parts  of  the  head,  including  the  mouth  cavity, 
has  been  investigated  by  many  obser^^e^s.  It  would  appear  fiwa 
the  results  of  mast  of  these  investigations  that  the  vasoconstnetol 
supply  for  the  skin,  including  the  ears,  the  eye,  the  mouti^  lod 
buccal  glands,  is  derived  mainly,  if  not  entirely,  from  the  spup^ 
thetic  nervous  system.  These  fibers  arise  from  the  spinal  cord  in  4t 
upper  thoracic  nerves,  first  to  the  fifth  or  sixth,  emei*ge  by  the  noi 
communicantes  to  the  sympathetic  chain,  in  winch  they  pass  upmrf 
and  end,  for  the  most  part,  in  the  superior  cer\"ical  ganghon.  f  wo 
this  ganglion  they  are  distributed,  by  various  routes,  as  irmipa^ 
glionic  fibers,  in  one  interesting  instance  the  constrictor  fibct 
for  the  head  were  supposed  to  take  a  somewhat  different  ctmrtt- 
It  was  shown  by  Schiff,  long  ago,  that  in  the  rabbit  the  ear  rtm^B 
vasomotor  fibers  from  the  auricularis  magnus  nerve,  a  branch  of  tht 
third  cervical  nerve.  Later  investigations  indicate  (Meltzer*  tb* 
the  ear,  in  fact,  receives  most  of  its  vasoconstrictor  fibef^  by  i^ 
route-  Fletcher^  however,  has  shown  that  these  fillers  do  not  erarn?: 
from  the  brain  in  the  roots  of  the  third  cervical,  but  rather  io  the 
general  outflow  from  tlie  thoracic  region.  After  reaching  the  ay"^ 
pathetic  chain  these  particular  fibers  pass  to  the  third  cenical  bf 
the  gray  rami  from  the  fii-st  thoracic  ganglion,  which  communici*^ 
with  a  numljer  of  the  cervical  nerves.  On  the  other  hand,  ^ 
vasodilator  fibers  for  the  head  are  supplied  in  part  by  way  of  tk 
cervical  sympathetic,  following  the  s^me  general  path  as  the  nfl^ 
strictors,  and  in  part  by  way  of  the  craninl  nerves  (seventh,  nmih 
and  the  sympathetic  gangha  with  which  they  connect.  Arcordffl|i 
to  Langley,  the  outflow  of  the  seventh  nerve  passes  to  the  spbe»" 
palatine  ganglion,  whence  as  postganglionic  fibers  they  accomjanf  | 
the  branches  of  the  superior  maxillar>^  nerve  and  cause  vasodi^j 
tation  in  the  membrane  of  the  nose,  soft  palate,  tonsils,  u%Tjla,iw"  I 
of  mouth,  upper  lips,  gums,  and  phar\^nx.  The  w^elKknown  dilai«*  I 
of  the  submaxillar)^  and  sublingual  glands  are  contained  in  tk 
chorda  tympani  branch  of  the  seventh  nerve;  the  pregangli** 
fil>ers  terminate  probably  in  the  small  peripheral  ganglia  conncrtao 
with  these  glands.     The  fibers  that  emerge  in  the  ninth  paj* "" 
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•rt  directly  to  the  tongue  and  in  part  terminate  first  in  the  otic 
nglion,  whence  they  are  distributed  with  the  branches  of  the 
ferior  maxillary  to  the  lower  lips,  cheeks,  gums,  and  parotid  and 
bital  glands.  Dastre  and  Morat  describe  the  vasodilators  in  the 
rvical  sympathetic  as  reaching  the  fifth  cranial  nerve  by  com- 
imicating  branches  from  the  superior  cervical  ganglion  and  state 
at  they  cause  dilatation  of  the  bucco-facial  region, — that  is, 
e  lips,  the  gums,  cheeks,  palate,  nasal  mucous  membrane,  and 
e  corresponding  skin  areas. 

The  Trunk  and  the  Limbs. — The  vasoconstrictor  fibers  for 
»e  regions  are  distributed,  so  far  as  is  known,  chiefly  to  the  skin, 
rey  are  all  derived  inmiediately  from  the  sympathetic  chain  and 
imately  from  the  outflow  in  the  anterior  roots  of  the  thoracic 
d  lumbar  spinal  nerves.  Those  for  the  upper  limbs  arise  from 
5  midthoracic  r^on  chiefly  (fourth  to  ninth  thoracic  nerves), 
Me  for  the  lower  limbs  arise  in  the  nerves  of  the  lower  thoracic 
d  upper  lumbar  r^on  (eleventh,  twelfth,  thirteenth  thoracic 
)(jj  and  first  and  second  lumbar).  The  vasodilator  fibers  in  the 
rves  of  the  limbs  have  been  demonstrated  frequently,  as  already 
plained.  Whether  or  not  these  fibers  also  pass  through  the 
npathetic  system,  following  the  same  general  course  as  the 
» constrictors,  has  not  been  shown  conclusively.  The  most 
inite  work  at  present  (Bayliss)  indicates  that  the  vasodilator 
»t  is  directly  caused  in  some  unknown  way  by  fibers  found 
the  posterior  roots  of  the  nerves  forming  the  brachial  and  the 
itic  plexus.  The  unsatisfactory  explanations  offered  for  this 
ult  have  been  referred  to  (p.  609). 

The  Abdominal  Organs. — ^The  stomach  and  intestines  receive 
ar  most  important  supply  of  vasoconstrictor  fibers  by  way  of  the 
anchnic  nerves  and  celiac  ganglion.  These  fibers  emerge  from 
)  cord  in  the  lower  thoracic  spinal  nerves,  from  the  fifth  down, 
i  the  upper  liunbar  nerves,  and  they  supply  the  whole  mesenteric 
culation  as  far  as  the  descending  colon.  The  stomach  and  in- 
tines  are  said  to  receive  vasoconstrictor  fibers  from  the  vagus 
rve  also  (Lohmann).  According  to  some  observers  (Frangois- 
anck  and  Hallion),  the  mesenteric  vessels  receive  a  supply  of 
9odilator  fibers  by  way  of  the  splanchnics,  and  it  is  also  stated 
it  similar  fibers  reach  this  region  through  the  vagus  nerve, 
e  pancreas  has  been  shown  to  receive  vasoconstrictor  fibers  by 
Y  of  the  splanchnics,  and  the  kidney,  according  to  Bradford, 
Mves  vasodilator  as  well  as  vasoconstrictor  fibers  from  the  same 
ve.  Most  of  the  vasomotor  fibers  to  the*kidney  of  the  dog 
jTge  from  the  cord  in  the  roots  of  the  eleventh,  twelfth,  and 
teenth  thoracic  nerves,  and  those  for  the  liver  (Fran9ois- 
ack  and  Hallion)  come  from  about  the  same  region.  The 
40 
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vaj^eonstric'tors  to  the  spleen  are  said  to  leave  the  spinal  ^ 
chiefly  in  the  anterior  roots  of  the  sixth*  seventh^  and  «|bik 
thoraeie  nerves. 

The  Genital  Organs.— Both  vasoconstrictor  and  vMcnfiWt 
fibers  have  I)een  discovered  for  the  ext-enml  genital  organs  (pcna 
scrotum^  clitoris,  vulva).     The  vasoconstrictors  arise  in  the  d(|  j 
from  the  thirteenth  thoracic  to  the  fourth  lumbar  nerves,  pass  oM  I 
to  the  sympathetic  chain,  and  thence  reach  the  organs  ritherbf' 
way  of  the  hyijogastric  nerve  antt  i>elvic  plexus  or  by  way  odbsj 
sacnil  sympathetic  ganglia  and  their  branches  to  the  pudic  nenm  I 
The  vasodilator  fillers  arise  from  the  sacral  spinal  nen^e,  being  4i| 
beet  known  of  the  sacral  autonomic  system.    They  enter  the  i 
vus,  erigcns  and  thence  reach    the    organs  by  way  of  the  pdntl 
plexus.     The  especial  importance  of  these  fibers  in  the  prowaii 
erection  is  described  io  the  section  on  the  physiolog}^  of  the  rrp 
ductive    organs.     The    interna]    genital    organs — ^uterus,    ^1 
vas  deferens,  seminal  \'esicles,  etc. — receive   no  vasomotor 
from  the  sacral  autonomic  system, — that  is,  from  the  nervi  erig 
— ^but  do  receive  a  supply  of  constrictor  fibers  from  the  symji 
system.    These  latter  fibers  emerge  from  the  cord  in  the  nK)ts< 
the  upper  lumbar  nerves  ami  reach  the  organs  by  way  of  the  a 
ferior  mesenteric  ganglion  antl  hypogastric  ner\'e * 

Vasomotor  Supply  of    the    Skeletal  Muscles.— Gaskcllt 
pecially  has  given  evidence  of  the  existence  of  vasomotor  fil»eisi 
the  muscles.     He  concludes,  as  the  result  of  his  work»  that  the  1 
vessels  of  the  musclas  receive  both  vasoconstrictor  and  vastn 
fibers,  but  that  the   latter  greatly  predominate,— at  least. 
physiological  effect  is  nmeh  more  evident  in  expenmental 
As  proof  of  the  presence  of  dilator  fibers  he  gives  such  rasuK 
these:    The  mylohyoid  muscle  of  the  frog  is  thin  enough  total 
observed  directly  under  the  microscope.     When  curanied  sodj 
stimulated  through  its  motor  nen^e  the  small  vessels  may  be  i 
to  dilate  and  there  is  an  augmented  flow  of  blood.     In  a  dog  i 
of  the  motor  nerve  to  a  muscle  is  follow^ed  b\^  a  greatly  incretfrfl 
flow  of  blood,  which,  however,  is  only  tempomr>^  and  is  referaWf  wj 
a  mechanical  stimulation  of  the  dilator  fillers.     Direct  stiniu 
of  the  severed  nerve  causes  an  increased  flow  of  blood  tli 
muscles,  but  if  the  muscles  are  first  completely  curarized  stimu 
causes,  on  the  contrar>%  a  decreased  flow.     This  last  result  bi 
plained  on  the  supposition  that  curare  paralyzes  the  endiiig5of| 
dilator  fibers  and  thus  allows  the  effects  of  the  constrictors  to  I 
feet  themselves.     iSince,  however,  Bayliss  has  given  ev 

*  For  the  bihliogranhy  of  the  vasomotor  supply  to  the  varii 
Laogley,  " *  Ergebnisse  der  Phypiolof^k*/'  vol.  ii.,  part  n.,  p.  €20,  1908* 
tGaakeU,  •  Journal  of  Pliy«iology/'  1*  262,  1878-79. 
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*^  (p.  609)  that  the  dilator  effect  in  the  limbs  is  due  to  the  anti- 
^c  action  of  afferent  fibers,  it  is  evident  that  this  important 
'tttion  needs  reinvestigation.    Various  physiologists  have  shown 
*t  muscular  activity  is  accompanied  by  an  increase  in  the  blood- 
fw  tiirough  the  muscle,  as  we  should  expect,  but  it  remains  uncer- 
b  whether  this  result  is  brought  about  solely  by  an  increased 
fivity  of  the  heart  or  by  the  combined  effect  of  vasodilatation  and 
rease  in  heart-work.     Kaufmann  *  takes  this  latter  view  in  con- 
joeQce  of  some  interesting  results  obtained  upon  horses.     He 
Bsuied  the  blood-flow  through  the  masseter  muscle  and  the 
mtoT  of  the  lip  in  a  horse  in  which  the  muscles  were  exercised 
Dally  by  the  act  of  eating.     The  blood-flow  was  increased  as 
sh  as  five  times  over  that  observed  during  rest,  and  that  this 
ease  was  due  in  part  at  least  to  a  local  dilatation  seems  to  be 
fed  by  the  fact  that  the  blood-pressure  in  the  artery  suppl3dng 
muscle  fell,  while  that  in  the  vein  rose.    While,  therefore,  our 
srimental  knowledge  of  the  vasomotors  of  the  muscles  needs 
her  investigation,  we  may  provisionally  accept  the  view  ad- 
itcd  by  Gaskell, — namely,  that  the  vasomotor  supply  to  the 
eles  consists  essentially  of  dilator  fibers  and  that  these  fibers 
brought  into  action  reflexly  whenever  the  muscles  contract, 
\  providing  an  increased  blood-flow  in  proportion  to  the  func- 
al  activity.     It  should  be  added  that  the  local  dilatation  in 
muscles  during  activity  may  be  due  also  to  the  chemical  action 
be  (acid)  metabolic  products  on  the  blood-vessels  (p.  610). 
rhe  Vasomotor  Nerves  to  the  Veins. — It  is  assumed  in  physi- 
y  that  the  vasoconstrictors  and  vasodilators  end  in  the  muscula- 
\  (rf  the  small  arteries.    The  veins  also  have  a  muscular  coat, 
it  is  possible  that  if  this  musculature  were  innervated  from 
central  nervous  system  we  should  have  another  efficient  factor 
oatrolling  the  blood-flow.    Mall  has  given  very  clear  proof  that 
|K)rtaI  vein  receives  vasoconstrictor  fibers  from  the  splanchnic 
re,t  but  this  supply  may  be  exceptional,  as  the  portal  system 
If  is  unique.    The  portal  vein,  indeed,  plays  the  r61e  physiolog- 
ly  of  an  artery  in  regard  to  the  liver.    Roy  and  Sherrington  J 
>  some  evidence  for  the  existence  of  venomotor  nerves  to  the 
e  veins  of  the  neck,  and  Thompson,  as  also  Bancroft,§  reports 
sriments  in  which  it  was  found  that  stimulation  of  the  sciatic 
^e  caused  a  visible  constriction  of  the  superficial  veins  of  the 
I  limbs.   Finally,  it  has  been  shown  that  solutions  of  epinephrin 
<e  contraction  in  rings  of  vein  as  they  do  in  arterial  strips. 

Kaufmann,  ''Archives  de  physiologie  nonnale  et  pathologique/'  1892, 
79  and  495. 

Mall,  "Archiv  f.  Physiologie,"  p.  409,  1892. 
Roy  and  Sherrington,  "Journal  of  Physiology,"  11,  85,  1890 
Bancroft,  "Amencan  Journal  of  Physiology,^  1,  477,  1898. 
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Oe  the  accepted  explanation  of  the  way  in  which  epinephrin  *rti  i 
this  fact  implies  that  the  muscle  in  the  veins  is  siippHed  by  mut^l 
thetic  autonomie  nerve-fihers.  If  such  a  system  exists  it  mQsi| 
exert  an  important  influence  upon  the  supply  of  blood  to  I 
heart.* 

THE  CIRCULATION  OF  THE  LYBJPH, 

The  direction  of  flow  of  the  lymph  in  from  the  tissues  toward  the 
lyrpphatic  trunks^  tiie  thoracic  and  the  right  lymphatic  duct*     The  flow 
maiiituined  in  this  directinn  mainly  by  a  dilTerence  m  pressure  at  tbetfju" 
At  the  opening  of  the  large  trunks  into  tlie  jugtjlar  veins  tbc  pneBRiffrii 
low;  in  tlie  vein,  in  fact,  it  may  be  zero  or  even  negative  as  oompftitd 
the   atmospheric   pressure.     The   opening    between   the   lyroph   v««* 
the  vein  is  protectetJ  by  a  valve  whicti  open-s  toward  the  ^'cint  and  the  I^ 
therefore,  will  flow  into  the  vein  us  long  as  tlie  pre^vire  in  the  latter  li 
than  that  in  the  lymphatic  duct.     At  the  other  extremity  of  the  q 
in  the  tissue  spaces  to  wludi  the  lymphatic  capillaries  are  distributei 
pressure,    on    the    contrary,    'a^    high.     It^    exact    amount    is   do!   ' 
oiit,  since  tlie  prt^ssure  in  the  luood   capillaries  is  equal  to  40-60 
the  pressure  in  the  liquid  of  the  mirr(>un<ling  tissues  mu»t  abo  be 

able.     The   tissues   are,    in   fact,   in   a  condition  of  tuniidity  owin^    

presaure  of  the  lymph  in  the  tissue-spaces.  This  difference  in  fiii'^ 
at  the  two  ends  of  the  Ivmphatie  system  is  the  main  constant  fa<*tnr  ip  ^'^^ 
ing  the  lymph.     It  is  obvioiis  that  in  the  long  rmi  it  is  dejienil* 

fire^ssure  \^ithin  the  blood-vesvsels  and  therefore  upon  the  torer 
)eiit.     The  ctjulraetions  of  the  lieart  supply  the  energv%  not  only  i«»r  Ti)rujv«- 
ment  of  the  blood,  but  also  for  the  mut'li  slower  mo\  ement  of  the  hinph.   Il*i 
circulation  of  tlie  lymph  is  aided,  however,  by  many  aceessor>'  fartoa  I* 
some  aniiiiaLs  there  are  genuhie  lymph  hearts  uj>on  the  couffiC  of  the  ves^k" 
that  iw,  pulsatile  exoansions  of  the  lymph  ves?^ls  who^  force  of  beat ««»' 
trolled  by  valves,  is  directly  applied  to  moving  the  lymph.     No  such  >inirtB» 
are  found  in  the  mammalia,  but  iiccording  to  some  observers  the  Urfe  (•" 
'  Jeeptacle  at  the   Ijeguming  of    the  thoracic    duct,  receptaculum  chyir  nny 
,  \    1  undergo  rontrfU'tions,   and    is,  l>esides,  under  the    iidluence  of  rooiof  w 
inhibitory  nerves.     Such  movements,  if  they  occur,  must  l^equiv  ' —  *^ 
action  of  ti  lymph    heart   in   their   influence  upon  the  flow  of  1 
J  flow  of   lymph  or  chyle  in  the  intestinal  area  is  ako,  without  «J 
laasisted  by  the  peristaltic  and  especially  by  the  rliythmic  contr  s 
I  mtjj^ulature  of  the  intestines.     The  voluiiie  of  the  lymph  in  ii 
espet^ially  large  aii<l  the  lymph  capillaries  and  veins  are  pro\'ided  wii^  ** 
Itnythmical  coutractioiLs  of^  the  musculature  of  the  intestine  must  i 
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the  lymph  toward  the  thoracic  duct,  acting  like  a  local  pump  to  i 
the  flow  of  lynvj^h.  A  similar  influence  is  exerted  by  the  cofitrartioesrfil 
skeletal  muscles.  The  compression  exerted  liy  the  shortened  fibers  i 
the  lymph  vessels  and,  on  account  of  the  valves  present,  f orre»  1' 
onward  toward  the  larger  ducts.  The  flow  of  lymph  fronj  the  rertiofl 
— ^the  anris  and  legs,  for  instance — is  normally  small  in  qiiantit^r^  bi ^ 
miLscular  exercise  and  mas««age  it  is  obviously  increased.  This  li 
be  obser^etl  in  experimental  work  by  placing  a  cannula  in  the  th 
Active  or  pa'^sive  movements  of  the  linib«  under  these  conditions  wiilli 
noticeable  increase  in  the  outflow  from  the  duct.  Stifl  another  fact<jr^ 
exercises  an  influence  upon  the  flow  of  lymph  is  foimd  in  the  respir 
ments  of  the  thorax,  .\t  ea**h  inspiration  tlie  pressure  within  the  1 
diminis!ie<l  (increase  of  negative  presisiire),  and  this  factor  influeticesthtl! 
flow  in  several  ways:  By  increasing  the  flow  of  blood  through  the  bi 
at  the  eflp^  of  the  thorax,  jugulars  and  subclavians,  it  doubilia  i 
lymph  from  the  thoracic  and  right  lym*phatic  duets  into  thtte  vfiitt 

*  See  Henderson,  '^American  Journal  of  Physiology/'  23,  34»,  IW 
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p,  by  lowering  the  pressure  upon  the  intrathoracic  portion  of  the  thoracic 
t  it  also  aspirates  the  lymph  from  the  abdominal  portion  of  this  vessel. 
When  we  place  a  cannula  in  the  thoracic  duct  and  measure  the  outflow 
Mstly  it  is  found  to  be  exceedingly  slow  and  variable.  Older  measure- 
iits  (Weiss)  indicate  that  it  has  a  velocity  in  the  duct  in  the  neck  of  about 
ams.  per  second,  but  this  velocity  changes  naturally  with  the  conditions 
uencing  the  production  of  lymph  in  the  tissues.  Heidenhain  estimates  that 
a  dog  weighing  10  kgms.  the  total  outflow  from  the  thoracic  duct  in  24 
us  is  equal  to  640  c.c.  Munk  and  Rosenstein,  from  observations  upon  a 
t  with  a  lymph  fistula,  estimated  that  in  man  the  flow  may  be  equal  to 
to  100  or  120  c.c.  per  hour. 


SECTION  VI. 
PHYSIOLOGY  OF  RESPIRATION.] 

Historical.— The  term  respiration  as  usually  emp 
physiology  refers  to  the  process  of  gaseous  exchange  beti 
organism  and  its  enviroiuTient.  This  exchange  consists  en 
in  the  absorption  of  oxygen  by  the  living  matter  and  the  elin 
of  carbon  dioxid.  It  is  one  of  the  generalizations  of  ph>*siol< 
all  lining  matter,  with  the  exception  perhaps  of  the  m 
organisms,  requires  oxygen  for  its  vital  processes — t^ 
the  development  of  its  energj'  requirements.  On 
handp  one  of  the  universal  end-products  of  this 
is  carbon  dioxid.  Hence,  respiration  in  some  form 
great  characteristic  of  living  things.  In  the  simplest 
and  plants,  the  unicellular  organisms,  the  exchange  1 
the  air  (or  water)  and  the  organism  takes  place  direcl 
in  the  more  complex  animals  some  form  of  rei^piratory 
tus  is  developed  whose  function  consists  either  in  t 
the  air  or  ox>''gen-laden  water  to  the  constituent  celb.  as  ii 
tul>es  of  the  insects,  or  in  bringing  the  circulating  blood  into 
with  the  air  or  water,  as  in  the  case  of  animals  provided  iri 
or  gills.  In  man  and  the  air-breathing  vertebrates  the  latt< 
is  employed  and  one  may  distinguish  in  such  animals 
internal  and  external  respiration.  By  the  latter  term  is  m 
gaseous  exchange,  absorption  of  ox>'gen  and  eliini nation  01 
dioxid,  that  takes  place  in  the  lungs  l>etween  the  blood  in 
monar}^  capillaries  and  the  air  in  the  alveoli.  By  internal 
tion  is  meant  the  similar  exchange  that  takes  place  in  the  I 
capillaries  between  the  blood  and  the  tissue  elements.  Al 
exchange  is,  so  to  speak,  secondary,  since  the  essential 
consists  in  the  histor}^  of  the  oxygen  after  it  is  absorbed 
tissues, ^that  is,  the  part-  taken  by  the  oxygen  in  the  nietat 
living  matter.  This  process,  however,  is  a  part  of  the  m 
nutrition.  The  food  alisorbed  from  the  digestive  org^uis 
oxygen  taken  from  the  blood  have  a  conmion  bistory%  or 
their  reactions  are  iniliasohibly  connected  after  they  com 
the  field  of  influence  of  the  living  molecules.  This  side  of  i 
tion  of  the  oxj'gen  may  be  considered,  tlierefore,  more  appru 
in  the  section  on  nutrition,  In  the  present  section  attentioi 
directed  to  the  beautiful  means  tlmt  have  been  adapted  to  I 
pose  of  supplying  the  tissues  witli  oxygen  and  of  remo^ 
carbon  dioxid. 
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The  true  understanding  of  the  object  of  the  act  of  respiration  we 
fit  to  I-aavoisier,  the  discoverer  of  oxygen.  In  his  paper  published 
i  1777,  entitled  "Experiments  on  the  Respiration  of  Animals  and 
n  the  CSianges  which  the  Air  Undergoes  in  Passing  through  the 
/iBgBi '  he  laid  the  foundations  of  our  present  knowledge,  and 
Q  saboequent  work  he  developed  a  conception  of  the  nature  of 
physiological  oxidations  which  has  dominated  the*  physiological 
theories  of  nutrition  up  to  the  present  time.  The  discovery  of  the 
phyaological  meaning  of  respiration  and  the  function  of  the  lungs 
constitutes  the  most  interesting  part  of  the  history  of  physiology. 
An  the  great  physiologists  of  past  ages  contributed  their  part  to 
thestoiy,  and  as  we  look  back  we  can  count  distinctly  the  different 
Btepe  made  toward  the  truth  as  we  understand  it  to-day.  The 
histoiy  of  this  subject  is  not  only  most  instructive  in  demonstrating 
the  triumphant  although  slow  progress  of  scientific  investigation, 
but  it  illustrates  well  also  the  intimate  interrelations  of  physiology 
nith  the  sister  sciences  of  chemistry  and  physics  and  the  great  value 
of  the  experimental  method.  The  theory  of  respiration  held  in  each 
century  was  formulated  to  explain,  as  far  as  possible,  the  facts  that 
ivere  known,  and  as  we  look  back  from  our  vantage  point  it  is  most 
hnprasive  to  realize  how  well-known  phenomena,  imperfectly 
tmdeistood,  were  apparently  explained  by  theories  which  we  now 
know  to  be  incorrect.  Without  doubt,  many  of  the  explanations 
•ccepted  to-day  will  in  later  times  be  found  to  rest  upon  a  similar 
incomplete  knowledge.  Each  generation  must  do  the  best  it  can 
irith  Uie  knowledge  of  its  times. 

The  history  of  respiration,  the  successive  steps  in  its  progress  may 
he  summarized  in  a  few  words.  Aristotle  thought  that  the  main 
Amotion  of  respiration  is  to  regulate  the  heat  of  the  body,  which  was 
•ipposed  to  be  produced  in  the  heart;  hence  the  increased  respira- 
fais  after  muscular  exercise  when  the  body-heat  is  increased.  At 
the  same  time  he  believed,  with  the  philosophers  of  his  times,  that 
the  body  receives  something  from  the  air  that  is  necessary  to  life,  a 
ittbtle  something  that  he  designated  as  the  **  pneuma."  Praxagoras 
'•ught  that  blood  is  contained  only  in  the  veins,  and  that  the  ar- 
teries are  filled  with  a  gaseous  substance,  the  "pneuma"  derived 
iom  the  air,  an  unfortunate  error  that  prevailed  in  medicine  for 
•Bveral  centuries.  The  two  celebrated  anatomists  and  physiologists 
•f  the  Alexandrian  school,  Herophilus  and  Erasistratus,  distin- 
guished two  kinds  of  pneuma,  the  vital  spirits,  which  are  made  or 
sttiaeted  from  the  air  in  the  lungs  and  whose  production  consti- 
Utes  the  chief  function  of  respiration,  and  the  animal  spirits,  elabo- 
Med  in  the  brain  from  the  vital  spirits  and  responsible  for  the 
Unctions  of  motion  and  sensation.  Galen  (131  A.  D.)  demonstrated 
bat  the  arteries  as  well  as  the  veins  contain  blood,  but  still  believed 
bat  the  chief  function  of  the  respiratory  movements  is  to  furnish 
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pneuma  or  vital  spirits  to  the  heart.  This  great  physiologist  nutici 
also  that  the  air  is  necessai^^  for  combustion  as  it  is  for  lifej 
stated  his  belief  that  the  explanation  of  one  of  these  acts 
be  also  an  explanation  of  the  other.    Tliis  thought  seems  to  h*v( 
been  accepted  by  ail  the  physiologists  of  subsequeiit  timeSi  buti 
required  ovec  sixteen  hundred  years  of  investigation  before  a  J 
factor}^  solution  was  reached.    Galen  recognized,  moreover, 
not  only  does  the  blood  take  sometliing  of  essential  importance  fit 
the  air. — namely,  vital  spirits, — but  it  also  gives  off  something  to  t 
air  that  is  injurious  to  the  body,  a  something  which  he  eompiuvdl 
the  smoke  of  combustion  and  designated  as  the  *' fuliginous  vapor-^ 
If  we  substitute  oxygen  for  vital  spirits  and  carbon  dioxid 
fuliginous  vapor  we  realise  that  the  essential  problem  of  resp 
was  already  clearly  formulated,  but  could  not  make  further  adv 
until  chemical  knowledge  was  more  fully  developed.     Such  til 
case  mth  some  of  our  physiological  problems  to-day.    Galen  i 
explained  satisfactorily  the  respiratory  moveraente,  the  action  of  t 
muscles  of  inspiration  and  expiration,  thus  de8tro3ring  the 
erroneous  theories  that  the  expansion  and  contraction  of  the  1 
are  due  t-o  procasse^  of  heating  and  cooling. 

Galen's  physiology  held  undisputed  sway  until  the  sei'enfc 
centur}\     At  that  time  there  arose  a  school  of  physiologist*, 
iatromechanists,  who  proposed  to  explain  all  vital  phenomena  \ 
known  mechanical  principles,— the  laws  of  physics  and  chen 
For  the  mystical  view  of  vital  spirits  they  proposed  to  substita 
more  rational  and  concrete  theor}^    The  blood  in  the  lungs  1 
red  simply  because  it  is  minutely  subdivide^il  and  shakeUi  just  i 
tube  of  blood  becomes  red  when  violently  agitated.     Thus  an  cff^ 
to  be  more  scientific,  to  use  the  exact  knowledge  of  physics,  hdl 
the  adoption  of  views  which  we  now  know  were  far  more  i 
than  the  ancient  and  intrinsically  correct  conception  that  the  I 
receives  something  from  the  air  in  the  lungs. 

In  the  seventeenth  century,  however,  began  those  discovei 
in  chemistry  and  physiology  which  eventually  led  to  our 
knowledge.  Van  Helmont  (1577-1644)  discovered  that  in 
burning  of  charcoal,  the  fennentation  of  wine^  and  the  aetioQi 
vinegar  on  chalk  a  special  gas  is  produced  which  he  caOed  i 
s>dvestrc  and  which  we  call  carbon  dioxid.  Robert  Boyle  (W 
1691)  published  a  most  interesting  series  of  experiments  madei 
the  aid  of  the  recently  discovered  air-pump  which  demonstnted  t 
correctness  of  the  \iew  held  by  Galen  that  the  air  contains  i 
thing  necessary'  for  life  and  for  combustion.  He  showed,  mo 
that  air  that  had  !>een  repeatedly  inspired  was  no  longer  cap 
of  maintaining  life.  Robert  Hooke  (163-5-1703)  introduced 
method  of  artificial  respiration  by  means  of  a  bellows,  and  < 
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d  by  sending  a  continuous  stream  of  air  through  the  lungs 
he  respiratoiy  movements  of  these  oigans  are  in  themselves, 
echanieal  process,  in  no  wise  an  essential  feature  of  respiration. 
Uayow  in  1688-1674  discovered  that  air  is  not  a  simple  ele- 
but  contains  a  definite  substance  necessary  to  life  and  to 
jstion.  He  designated  this  substance  as  the  .nitro-aerian 
or  nitrous  particles,  because  he  believed  that  the  same 
inoe  is  present  in  condensed  form,  as  it  were,  in  common  niter, 
g  found  that  combustion  is  possible  even  in  a  vacuum  in  the 
ice  of  niter. 

the  eighteenth  century,  as  is  shown  in  the  work  of  the  great 
)logist,  Haller,  the  theories  of  respiration  were  in  many 
its  in  a  most  unsatisfactory  state.  The  new  facts  that  had 
discovered  made  the  old  views  untenable,  but  were  not  in 
elves  sufficient  to  explain  clearly  what  actually  takes  place, 
periods  of  imcertainty  and  dissatisfaction  are  frequent  enough 
history  of  science.  In  1757  Joseph  Black  rediscovered  carbon 
.,  calling  it  fixed  air,  and  showed  that  it  is  present  in  expired 
k  little  later  Priestly  discovered  and  isolated  oxygen  and 
en;  but,  under  the  influence  of  an  erroneous  view  of  combus- 
hat  had  been  advanced  by  Stahl,  was  unable  to  give  his 
eries  a  clear  and  satisfactory  application.  The  final  step 
B  progress  was  made  by  the  wonderful  work  of  Lavoisier 
8n  the  years  1771  and  1780.  He  made  correct  analyses  of 
d  of  carbon  dioxid,  he  explained  combustion  as  an  oxidation 
he  formation  of  COj  and  HjO,  he  showed  that  in  respiration 
me  process  occurs,  and  that  the  blood  takes  oxygen  from 
p  and  gives  back  to  it  in  expiration  the  carbon  dioxid  and 
formed  by  combustion  within  the  body.  He  gave  us  the 
ial  facts  in  the  modern  theories  of  respiration  and  physio- 
oxidations. 

ter  Lavoisier  the  chief  positive  advances  that  have  been  made 
)een  in  reference  to  the  condition  of  the  gases  in  the  blood, 
eans  of  the  gas-pump  Magnus  (1837)  obtained  these  gases 
tatively  and  thus  procured  data  which,  as  Liebig  showed, 
istrate  that  the  oxygen  is  held  in  the  blood,  not  in  simple 
>n,  but  in  some  form  of  chemical  combination,  probably 
iie  red  corpuscles.  Finally  it  was  shown  by  Stokes  and 
nSeyler  that  the  oxygen  is  held  in  definite  chemical  com- 
m  with  the  hemoglobin.  The  nature  of  the  combination  of 
rbon  dioxid  in  the  blood  is  not  yet  entirely  understood,  while 
tual  nature  of  physiological  oxidations — that  is,  the  part 
by  the  oxygen  in  the  chemical  reactions  of  living  matter — • 
if  the  great  problems  of  nutrition  which  may  need  many  years 
ition. 


CHAPTER  XXXIV. 


THE  ORGANS  OF  EXTERNAL  RESPmATTON  ANDl 
RESPmATORY  HOVEMENTS. 

Aiiatomical  Considerations.— Some  of  the  anatomicil  l^ 
rangements  in  the  lungs  which  have  an  immediate  physwlop* 
interest  may  be  recalled  briefly.  The  structures  of  the  trachea  tfi 
bronchi  are  admirably  adapted  to  their  functions  as  air  tubes,iQtltt* 
the  walls  possess  flexibility  combined  with  rigidit}'.  The  \mi;d 
ciliated  epithelium  throughout  the  air  passages  is  of  impoitiwt 
primaril}'  it  may  be  assumed,  in  removing  mucus  and  l(^ 
material  from  these  passages.  The  smaller  bronchi  poaaes^t^ 
tinct  muscular  layer,  and,  as  we  shall  see,  tins  musculature  is  uudef 
the  control  of  a  special  set  of  nen^e  filjers  through  whoee  rete 
activity  the  capacity  and  resistance  of  the  bronchial  system  wtf 
modified.  The  small^t  bronchioles  are  expanded  into  a  aysW' 
membranous  air  cells,  and  in  the  walls  of  these  thin  sacs  ibe 
laries  of  the  pulmonar>^  arter>'  are  distributed.  The  gi«at  el 
of  this  apparatus  is  evident  when  one  recalls  that  every  onel 
infinite  number  of  red  corpuscles  is  exposed  separately  to  the  iff 
the  air  cells,  so  that  although  the  time  of  transit  is  brief  the 
amoimt  of  hemoglobin  is  nearly  completely  saturated  with  ox>'j*'J 
Each  lung  is  enveloped  in  its  own  pleural  sac.  The  space 
the  parietal  and  the  visceral  layer  of  each  sac  is  the 
pleural  cavity,  but  it  must  be  borne  in  mind  that  under  all 
conditions  this  ca\uty  is  only  potential,— that  is,  the  parieUl 
visceral  layers  are  everv^here  in  contact  ^ith  each  other.  Uwk'l 
pathological  or  accidental  conditions  air  or  exudations  may  eiittf| 
this  space  and  form  an  actual  ca%dty.  Along  the  mid-line  of 
body  and  around  the  roots  of  the  lungs  we  have  the 
spaces  lying  between  the  pleural  sacs  of  the  two  sides,  but 
filled  with  the  various  thoracic  viscera,  such  as  the  heart,  aofti 
its  branches,  pulmonary  art^rv  and  veins,  vena?  cava?,  az>'gu« 
trachea,  esophagus,  thoracic  duct,  various  nerves,  and  I? 
glands.  All  these  organs,  therefore,  lie  out^de  the  hinjP' 
schematic  view  of  these  relations  is  represented  in  Fig,  261 

The  Thorax  as  a  Closed  Cavity.— The  thorax  is  a  cavity  enti*^ 
shut  off  from  the  outside  and  from  the  abdominal  ravity.   1»^1 
cavity  lie  the  lungs  and  the  various  viscera  enumerat*^ 
The  lungs  may  be  considered  as  two  large,  membranous  s^A 
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s^nted  in  Fig.  263,  the  interior  of  which  communicates  freely 
the  outside  air  through  the  trachea,  glottis,  etc.,  while  the 
de  of  the  sacs  is  protected  from  atmospheric  pressure  by  the 
\  of  the  chest.  It  is  to  be  remembered,  of  course,  that  the 
ior  surface  of  the  lungs  is  multiplied  greatly  by  the  sub-? 
ion  into  alveoli.  It  is 
lated  that  the  entire 
surface  of  the  lungs 
tnts  to  as  much  as  90 
e  meters,  over  one  hun- 
times  the  skin  surface 
le  body.  The  atmos- 
5  pressure  on  the  interior 
(68  of  the  lungs  expands 
structures  under  normal 
tions  until  they  fill  the 

thoracic  cavity  not 
ied  by  other  organs, 
ver  the  size  of  the  chest 
'  varies,  that  of  the 
must  change  accord- 
so  that  at  all  times  the 
fully  fill  up  every  part 
3  cavity  not  otherwise 
ied.  If  the  wall  of  the 
c  is  opened  at  any 
so  as  to  make  commu- 

on  with  the  outside  air,  or,  if  the  wall  of  the  lung  is  pierced 
kt  the  air  can  communicate  with  the  pleural  cavity  from 
side,  then  at  once  the  lungs  shrink  in  size,  since  the  atmos- 
!  pressure  is  then  equalized  on  the  outside  and  the  inside 
sacs.  We  may  consider,  therefore,  that  the  thoracic  cavity 
ch  larger  than  the  lungs,  and  that  the  latter  are  blown 
i  fill  this  cavity  by  the  atmospheric  pressure  on  the  inside, 
e  Honnal  Position  of  the  Thorax — Inspiration  and  Expira- 
-During  life  the  size  of  the  thorax  is  continually  changing  with 
qpiratoiy  movements.  But  the  size  and  position  taken  at  the 
a  normal  expiration  may  be  regarded  as  the  normal  position 
thorax;  that  is,  its  position  when  all  of  the  muscles  of  respira- 
le  at  rest,  and  substantially,  therefore,  the  position  of  the 
c  in  the  cadaver.  Starting  from  this  position,  any  enlarge- 
of  the  thorax  constitutes  an  active  inspiration,  the  result  of 
will  be  to  draw  more  air  into  the  lungs  ;  while  starting  from 
iOiinal  position  any  diminution  in  the  size  of  the  thorax 
tutes  an  active  expiration,  which  will  drive  some  air  out  of  the 

It  is  evident,  however,  that  after  an  active  inspiration  the 


Fig.  263. — Schema  to  indicate  the  re- 
lations of  the  parietal  and  viaoeral  layers  of 
the  pleural  sacs,  and  the  position  of  tne  me- 
diastinal space:  P,  the  potential  pleural 
cavity  in  each  sac;  Af,  the  mediastinal 
space:  R,L.  and  L.L.,  the  cavity  of  the 
right  and  the  left  lung,  respectively;  T,  the 
trachea.  The  outlines  of  the  pleura  on  each 
aide  are  represented  in  dotted  lines. 
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thorax  may  return  passively  to  its  normal  position,  gi\ing 
known  as  a  passive  expiration, — -that  is,  an  expiration  not 
by  muscular  effort*  So  after  an  active  expiration  the  thom: 
return  passively  to  its  nonnal  position,  giving  a  passive  inspiF^to 
Our  normal  respiratory  movements  consist  of  an  active  inspiraiwo 
followed  by  a  passive  expiration, 

Hechanisni  of  the  Inspifation*— The  chest  cavity  m^T 
enlarged  and  an  inspiration,  therefore,  be  produced  by  two  mctinA 
—namely,  by  a  contraction  of  the  diaphragm  and  by  an  devjuta 
of  the  ribs. 

Contractwn  of  the  Dmpkragm.—¥ rom  the  anatomy  of  th 
diaphragm  it  is  evident  that  its  fixed  attachment  is  found  ift  ^ 
muscular  connections  mth  the  hunbar  vertebrse,  the  ribs,  and  tlH 
ensiform  cartilage.  From  these  attachments  the  muscular  W 
extends  anteriorly  along  the  walls  of  the  thorax  and  then  bendBtf^ 
to  fonii  the  arch  which  ends  in  the  central  tendon.  This  btltf 
structure  is  not  entirely  free,  since  it  is  attached  to  the  peric«^ 
dium  of  the  heart ;  but,  relatively,  it  is  the  movable  portion  « 
the  diaphragm.  Speaking  generally,  a  contraction  of  the  dii* 
phragmatic  muscle  draws  the  central  tendon  downward  toward  ^ 
abdominal  cavity  and  therefore  enlarges  the  chest  in  the  vertic*! 
diameter,  while  an  increase  in  the  thoracic  cavity  around  thi 
periphery-  of  the  diaphragm  is  caused  also  by  the  flattening  of  tta 
muscular  arch.  Two  results  follow  this  movement:  The  lua^*w 
expanded  exactly  in  proportion  as  the  caWty  enlaiges.  There  k 
of  course,  at  no  time  any  space  between  the  lungs  and  the  dii- 
phragm:  as  the  latter  moves  downward  the  lungs  follow  because oi 
the  excess  of  pressure  on  their  interior.  Although  ordinarily  ^ 
speak  of  the  new  air  being  sucked  into  the  lungs  during  this  moffr 
ment,  it  is,  of  course,  strictly  speaking,  forced  in  by  the  preaiurerf 
the  outside  atmosphere.  On  the  other  hanti ,  the  desoeot  of  the  &^ 
phragm  raises  the  pressure  in  the  abdominal  ca\ity.  This  caviiyi 
entirely  full  of  viscera  and  for  mechanical  purposes  may  be  pegirthd 
as  being  full  of  liquid.  The  rise  of  pressure  is  transmitted  throu^^i 
the  abdomen  and  causes  the  abdominal  wall  to  protrude*  Inspiitli* 
caused  by  a  contraction  of  the  diaphragm  is  therefore  spoken 
either  as  dmphragrmitie  resjyiraimn  or  as  abdominal  respiraticni 
latter  term  having  reference  to  the  Nisible  effect  on  the  abd< 
walls.  In  strong  contractions  of  the  diaphragm  the  heart  ito 
pulled  downward,  and  if  the  movement  is  forced  the  lower  rib» 
be  pulled  inward  to  some  extent.  This  last  effect  would  drnii 
the  size  of  the  thorax  and  therefore  woidd  tend  to  an 
inspiratory  action  of  the  diaphragm^  and  other  muscles  are 
ently  brought  into  play  to  prevent  this  result.     As  stated 
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rotation. 


h  dorsal   vertebra  and 
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umborum  and  the  serratus  posticus  inferior  may  have 
this  function  of  fixating  the  lower 
ribs  in  violent  inspirations.  The 
diaphragmatic  muscle  is  innervated 
on  each  side  by  the  corresponding 
phrenic  nerve.  This  nerve  arises 
in  the  neck  from  the  fourth  and 
fifth  cervical  spinal  nerves,  and 
passes  downward  in  the  chest  in 
the  mediastinal  space,  l3dng  close 
to  the  heart  in  part  of  its  course. 
Section  of  this  nerve  paralyzes,  of 
course,  the  diaphragm  on  the  cor- 
responding side. 

Elevation  of  the  Ribs. — ^As  a 
necessary  result  of  the  structure  of 
the  bony  thorax,  every  elevation 
of  the  ribs  must  cause  an  enlarge- 
ment of  the  thoracic  cavity  in  the 
dorsoventral  and  the  lateral  diam- 
eters. We  are  justified  in  saying 
that  every  muscle  whose  contrac- 

an  elevation  of  the  ribs  is  an  inspiratory  muscle.    This 

J,  in  the  first  place,  to  the  slant 
Each  rib  is  attached  to  the 

on  at  two  points:  the  head  to 

the  vertebra  and  the  tubercle 

sverse  process.    The  up-and- 

ments  of  the  ribs  may  be  re- 

3tations  around  an  axis  joining 

)oints, — that  is,  each  point  in 

b  moves  up  or  down  describes 

)imd  this  axis  (see  Fig.  264). 

^ere  set  upon  the  vertebral  col- 

t  the  plane  of  the  rib  formed  a 

with  the  column,  then  every 

of  the  rib  up  or  down  would 

i  size  of  the  thorax  and  there- 

an  expiration.    As  a  matter 

ever,  the  ribs  slant  downward, 

evated  the  sternal  end  is  car- 
away from  the  sternum  and 
enlarged  in  the  dorsoventral 

5e  Fig.  265).    Moreover,  as  the  rib  moves  upward  there 


to  il- 
the  slant 


Fig.  265.— Dii 

liistrate  the  effect 

of  the  ribs:  S^  The  spinal  col- 
umn; a,  the  position  of  the 
rib  in  normal  expiration*  (aO 
its  position  (exaggerated)  in 
inspiration  (the  distanoe  be- 
tween the  spinal  column  and 
the  sternum  (t/.)t  the  antero- 
posterior or  dorsoventral  di- 
ameter of  the  chest  is  in- 
creased). Any  movement  from 
the  position  a*  would  cause  an 
expiration. 
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is  an  obvious  enlargement  of  the  chest  in  the  lateral  diaroetef. 
This  result  may  be  referred  to  two  causes:  In  the  first  place, tk  i 
axis  of  the  rotation  of  the  ribs, — that  is,  the  line  joining  the  h»d 
and  the  tubercle  of  the  rib  is  inclined  downward  so  that  thepUni] 
of  rotation,  which  is,  of  course,  at  right  angles  to  this  axis,  uiUbe  ' 
inclined  outward.  As  the  rib  is  moved  upward,  therefore,  it  miat  J 
also  move  outward.  Secondly  the  cartilaginouB  ends  of  the  ribs  iW  1 
fixed  at  the  sternum  so  that  as  they  move  upw^ard  and  out««tl  [ 
they  vn}i  be  twisted  or  everted  somewhat  in  the  middle,  iritis) 
torsion  of  the  cartilaginous  ends. 

The  Muscles  of  Inspiration.— In  addition  to  the  diaphnpntl 
all  muscles  attached  to  the  thorax  whose  contraction  causes  nl 
elevation  of  the  ribs  must  be  classed  as  inspirators^  muscles.  Ifltl 
regard  to  this  latter  group  the  action  of  some  of  them  is  eithtf  J 
evident  from  their  anatomical  attachments,  or  the  muscles  mar  bi| 
stimulated  directly  and  the  effect  of  their  contraction  be  noted-  hi 
other  cases,  however,  it  Ls  necessary  to  make  use  of  the  method] 
first  suggested  by  Newell  Martin. — namely,  the  detenninAliaBl 
whether  the  contraction  of  the  muscle  in  respiration  occurs  f^iniut*! 
taneously  with  that  of  the  diaphnigm  or  alternately  with  it.  In  1 
former  case  it  is  inspiratory^  in  the  latter  expiratory.  The  folh 
muscles  may  be  classed  as  inspiratory:  Levaicfres  coslarum*  Tlwyl 
arise  from  transverse  processes  of  the  seventh  cervical  and  firet  ta I 
eleventh  thoracic  vertebne  and  are  inserted  into  the  next  rib  or  thi I 
second  rib  below.  Intercosiaks  extcrjii  muscles.  They  lie  in  the  iIlte^| 
costal  spaces  extending  from  the  lower  edge  of  one  rib  to  the  I 
edge  of  the  rib  below ;  they  slant  downward  and  toward  the  i 
These  muscles  have  been  assigned  different  functions  by  diffa 
authors,  but  the  experiments  made  by  Hough,*  using  the  : 
of  Martin  described  above,  show  that  they  are  ins|nr&tory. 
was  found  that  in  the  dog  they  contract  synchronously  vnih  thil 
diaphragm.  The  same  authors  find  that  the  intercartiJagiiioaiJ 
portions  of  the  internal  intercost^ils  are  also  inspiratorv%  T^J 
scaleni — ^anterior^  medius,  and  posterior— tirise  from  the  transv«m| 
processes  of  the  cervical  vertebne  and  are  inserted  into  the  first  id'! 
second  ribe.  M.  siemo-cleido-mastoideus  extends  from  the  nuL*toiI| 
process  to  the  sternum  and  sternal  extremity  of  the  clavicle.  ^*f»( 
pectoralis  minor  extends  fnjm  the  coracoid  process  of  the 
to  the  anterior  surface  of  the  second  to  the  fifth  rib.  M, 
posliais  superior  extends  from  the  spinous  processes  of  the  I 
cervical  and  upjier  dorsal  vertebne  to  the  second  to  fifth  rih. 

The  Muscles  of  Expiration. — ^Expiration — ^that  is,  diminuti 

*  Hough,    ''Studies    from    the  Biological    Labon^toty.   John    Hopknil 
ITniveniitv?'  6,   91,    1893,  and  BerKendaJand  Bergman,  **  SkandinaviKi«l 

Archjv  f/Phyaiologie/'  7,  178,  1896,  ' 
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nse  of  the  thorax — ^may  also  be  produced  in  two  ways:  Rrst, 
forcing  the  diaphragm  farther  into  the  thoracic  cavity.  This 
nit  is  obtained;  not  by  any  direct  action  of  the  diaphragm,  but 
eontracting  the  muscular  walls  of  the  abdomen,  the  external  and 
tonal  oblique,  the  rectus,  and  the  transversus.  The  contraction 
these  muscles,  which  form  what  has  been  called  the  abdominal 
«B,  raises  the  pressure  in  the  abdomen  and  this,  acting  upon  the 
Bder  surface  of  the  diaphragm,  forces  it  up  into  the  thorax,  pro- 
ided  the  glottis  is  open.  If  the  glottis  is  kept  closed  firmly  the 
loeased  abdommal  pressure  is  felt  mainly  upon  the  pelvic  organs, 
id  this  effect  is  observed  in  micturition,  defecation,  and  parturition, 
wmd,  by  depressing  the  ribs.  The  muscles  which  may  be  sup- 
■ed  to  exert  this  action  are  as  follows:  M.  intercostales  intemi, 
Ik  expiratory  action  of  these  muscles,  so  far  as  the  interosseous 
xtion  is  concerned,  was  first  definitely  shown  by  Martin,  who 
lOved  that  when  they  contract  they  act  alternately  with  the  dia- 
bagm.*  Af .  triangularis stemi  or  the m.  transversua  thoracis  is  foimd 
I  the  interior  of  the  thorax  on  the  anterior  wall.  Its  fibers  pass 
om  the  stemiun,  running  upward  and  outward,  to  be  inserted  into 
le  third  to  sixth  rib.  The  expiratory  action  of  this  muscle  was 
moDStrated  by  Hough  according  to  the  method  of  Martin.  Af . 
\semialis  lumborum.  The  anatomical  attachments  of  this  muscle 
«8ach  as  would  enable  it  to  depress  the  ribs;  but  its  functional 
ttivity  in  expiration  has  not  been  demonstrated.  The  m.  serratus 
wticus  inferior  and  m.  qvadratus  lumborum  are  both  placed 
litomically,  especially  the  former,  so  that  their  contractions 
rfe  to  depress  the  ribs.  It  has  been  suggested,  however,  that 
iBf  may  act  in  forced  inspirations  so  as  to  antagonize  the  ten- 
■qr  of  the  diaphragm  to  pull  the  lower  ribs  inward.  Whether 
Hy  really  act  with  the  diaphragm  or  alternately  with  it  can  only  be 
Htennined  by  actual  experiment 

Quiet  and  Forced  Respiratory  Movements;  Eupnea  and 
^l^ea* — Our  respiratory  movements  vary  much  in  amplitude, 
id  the  muscles  actually  involved  differ  naturally  with  the  extent 
tfte  movement.  In  general,  we  distinguish  two  different  forms  of 
mthing  movements.  The  ordinary  quiet  respirations,  made 
Uiout  obvious  effort,  form  a  condition  of  respiration  designated 
eupnea.  Difficult  or  labored  breathing  is  known  as  dyspnea. 
il  impossible  to  draw  a  sharp  line  between  the  two.  There  are 
lljr  degrees  of  dyspnea,  and  doubtless  in  quiet  breathing  the 
|3iitude  of  the  movements  may  vary  considerably  before  they 
imie  distinctly  dyspneic.  In  all  conditions  of  eupnea  the  chief 
It  to  bear  in  mind  is  that  the  expiration  is  entirely  passive. 
♦  Martin  and  HartweU,  "Journal  of  Physiology,"  2,  24,  1879. 
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The  inspiration  in  man  is  made  b}^  the  diaphragm  alone  orby^t 
diapliragm  together  with  some  action  of  the  levatores  costanima 
the  external  intercostals.     At  the  end  of  the  inspiration  the  ribai 
diaphragm  are  brought  back  to  the  normal  position  by 
physical   forces, — the  elasticity  of  the  distended  abdominai  M^ 
the  elasticity  of  the  expanded  lungs,  the  weight  and  tonion  dj 
the  ribs,  etc.     As  soon  as  the  breathing  movements  become  st  i 
forced  the  action  of  the  above-named  inspiratory^  muscles  b  is 
creased  in  intensity,  and  the  other  inspiratory  muscles,  all  ek\% 
of  the  ribs,  come  into  play.     Quiet  breathing  in  man  at  baati 
mainly  diaphragmatic  or  abdominab  while  dyapneic  bread 
characterized  by  a  greater  action  of  the  elevators  of 
When  dyspnea  reaches  a  certain  stage  the  expiration  abo  1 
active  or  forced.     The  expirator>^  act  is  hastened  by  a  conft 
of  the  abdominal  muscles  or  of  the  depressors  of  the  riH  ! 
indeed  the  action  of  these  muscles  may  compress  the  chest  bejii 
its  normal  position,  so  that  the  expiration  is  followed  by  a  ] 
inspiration  which  brings  the  chest  to  its  normal  position  befor&t 
next  active  inspiration  begins. 

Costal  and  Abdominal  Types  of  Respiration.— These  i 
types  of  respiration  are  liased  upon  the  character  of  the  i 
movement.  An  inspiration  in  winch  the  movement  of  the  abda 
due  to  contraction  of  the  diaphragm,  is  the  eliief  or  only  fc*ta 
belongs  to  the  abdominal  type.  An  inspiration  in  w^hich  thc« 
tion  of  the  ribs  is  a  noticeable  factor  belongs  to  the  costal  tv] 
Hutchinson,  who  introduced  this  nomenclature ,*  laid  emp 
chiefly  upon  the  order  of  the  movements.  In  the  aVk 
type  the  abdomen  bulges  outwartl  first,  and  this  is  folio 
a  movement  of  the  thorax;  the  movement  spreads  fn 
abdomen  to  the  thorax,  and,  "  like  a  wave,  is  lost  over  the  1 
region."  In  costal  breathing  the  upper  ribs  move  first 
abdomen  second.  The  terms  are  meant  to  apply  chiefly  to  I 
respiration  and  have  aroused  interest  in  connection 
fact  that  in  quiet  breathing  in  the  erect  posture  the 
of  man  belongs  to  the  a]>dominal  type  and  that  of  woman  \ 
costal  type.  It  has  been  a  question  whether  this  diffei 
genuine  sexual  distinction  or  depends  simply  upon  diflfl 
in  dress.  Hutchinson  inclined  to  the  view  that  it  forms  wW^ 
should  call  a  secondary  sexual  characteristic,  and  that  its  ] 
logical  value  for  woman  lies  in  the  fact  that  provision  is  thusi 
as  it  were,  against  the  period  of  pregnancy.  He  states  tW^ 
twenty-four  young  girls  examinefl  between  the  ages  of  dcrw* 
fourteen  the  costal  type  was  present,  although  none  of  thcml 

♦See  Hutdimsoo,  article  on  ''Thorax,"  Todd 's  " Cyclop«4iJi of  ^ 
omy  and  Physiology, "  1849. 
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n  tight  dress.  Later  observers,  however  (Mays,  Kellogg,  and 
ers),  state  that  Indian  and  Chinese  women  who  have  not  worn 
it  dress  exhibit  the  abdominal  type,  and  the  same  statement  is 
le  regarding  civilized  white  women  who  habitually  wear  loose 
hing.  It  would  appear,  therefore,  that  the  assumption  of  the 
aI  type  by  women  in  general  is  due  to  the  hindrance  offered  by 
clothing  to  the  movements  of  the  abdomen.  From  an  exami- 
ion  of  four  hundred  and  seven  cases  Fitz*  concludes  that  when 
restricting  effect  of  dress  is  removed  there  is  little  or  no  differ- 
5  in  the  type  of  respiration  in  the  two  sexes.  The  natural  type 
ne  in  which  ''  the  movement  is  fairly  equally  balanced  between 
3t  and  abdomen,  the  abdominal  being  somewhat  in  excess/' 
en  the  respiration  becomes  dyspneic  it  takes  on  a  distinctly 
»1  type*  and  Fitz  and  others  have  shown  that  for  an  equal  in- 
lae  in  girth  the  thoracic  movements  cause  a  greater  enlargement 
he  lungs. 

Accessory  Respiratory  Movements. — In  addition  to  the  mus- 
whose  action  directly  enlarges  or  diminishes  the  capacity  of  the 
nax  certain  other  muscles  connected  with  the  air  passages  con- 
st rhythmically  with  the  inspirations,  and  may  be  designated 
perly  as  accessory  muscles  of  inspiration.  The  muscles  es- 
iaUy  concerned  are  those  controlling  the  size  of  the  glottis  and 
opening  of  the  external  nares.  At  each  inspiration  the  elevators 
be  wings  of  the  nose  come  into  play.  This  movement  occurs  in 
ooal  breathing  in  many  animals,  such  as  the  rabbit  and  horse, 
in  some  men,  while  in  dyspneic  breathing  it  is  invariably 
lent.  The  useful  result  of  the  movement  is  to  reduce  the  resis- 
96  to  the  inflow  of  air.  So  in  many  animals  the  glottis  is  dilated 
ach  inspiration  by  the  contraction  of  the  posterior  crico-aryte- 
1  muscles,  and  in  man  also  this  movement  is  evident  when 
breathing  is  at  all  forced.  The  useful  result  in  this  case  also  is 
duetion  in  the  resistance  offered  to  the  inflow  of  air. 
The  Registration  of  the  Rate  and  Amplitude  of  the  Respira- 
f  Moyements. — ^Many  methods  are  employed  to  register  the 
>  or  amplitude  of  the  respiratory  movements.  Upon  man  the 
ditude  may  be  measured  directly  by  a  tape  placed  at  different 
is  to  ascertain  the  increase  in  girth,  or  it  may  be  recorded  by 
16  form  of  lever  or  tambour  applied  to  the  chest  or  abdomen. 
lonvenient  instrument  for  this  purpose  is  the  pneumograph 
jibed  by  Marey,  which  is  illustrated  a^d  described  in  Fig.  266. 
diiinal  experimentation  the  various  methods  that  are  employed 
"  be  classified  under  four  heads:  (1)  Methods  in  which  the 
ige  in  circumference  or  diameter  of  the  chest  or  abdomen  is 
rded.  (2)  Methods  in  which  the  change  of  pressure  in  the  air 
♦  Fitz,  "Journal  of  Experimental  Medicine/'  1,  1896. 
41 
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passages  is  recorded.     In  these  methods  a  tube  may  l>e  insertedil 
one  of  the  nostrils  for  instance,  and  then  conoeeted  to  a  tamb 
lever  of  which  nmkes  its  record  on  a  kyraographion,  or  if  theari5 
is  traeheotomized  a  side  tube  upon  the  tracheal  cannula  luiv^j 
connected  to  a  tambour.    This  method  indicates  well  the  ott  t 
movement  and  the  relative  amplitude,  but  has  the  defect  thatl 


Fija;,   206.— Fij^jre  of    Mnrey'^i  pneynioflrrapb. — (VVrdinJ     The  Ukstnuiieiit  4 
fi  tambaur  U),  mountedl  on  a  flexible  metal  plute  (p).     By  meatiA  ol  Uie  baadv  twd 
tbe  metal  plate  b  tied  to  the  chest.     Any  increase  or  decreaae  in  Ihe  um  of  tlie  <i^JI 
then  tkSect  tbe  tambour  by  the  lever  atranii^emeni  i«howti  In  the  fig:uf«.     TbMt  i' 
tbe  taimb<mr  are  traJiamitted  thnmgh  the  tube  r  as  pressure  chanKeas  in  the  < 
to  a  second  tatnbour  (not  Hbciwn  in  tbe  igure)  which  retiord:»  them  tipon  a  i 

does  not  record  the  pause,  if  any,  at  the  end  of  inspiiation  (iT< 
piration.     A  modification  of  this  method  that  permits  an  ae 
record  of  the  amplitude  ami  duration  of  the  movements  con 
connecting  the  trachea  or  nostrils  with  a  large  bottle  of  air* 
animal  breathes  into  and  out  of  the  bottle,  and  the  cor 


Fiu,   267. — Curve  of    normal  nespirataiy  movem^nta. — (Mane^.)     Carrmd^fi 
reprej«nt9  the  mo\'emeneit  when  Uue  respiration  is  entirely  normal.      UoinivtrolBib  i 
cJQii ;  upfitroke,  expiration.     OurveO.  dotted  Line,  represents  tbe  inrmaacd  «m|i1 
movements,  slight  dyspnea,  caused  by  breathing  through  a  narrow  UibtL 


variations  in  pressure  are  recorded  by  a  tamboiir  also 
with  the  interior  of  the  bottle,     (3)  Methods  in  which  the  i 
of  pressure  in  the  thoracic  cavity  is  recorded.     Ttiis  end 
reached  by  inserting  a  cannula  into  the  thoracic  wall  so 
opening  lies  in  the  pleural  cavity,  or,  more  simply,  a  eat 
sound  connected  at  the  other  end  to  a  tamlx)ur  may  bepaasedc 
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^esophagus  until  its  end  lies  in  the  intrathoracic  portion, 
(Nations  in  pressure  in  the  mediastinal  space  synchronous  with 
respirator^'  movenients  affect  the  esophagus  anti  through  it 
"^^  sound.  (4)  Methods  in  which  the  movements  of  the  tiia- 
P^Tagm  are  recorded  either  by  a  tambour  or  lever  thrust  between 
^^  diaphragm  and  liver,  or  by  hooks  attachetl  directly  to  muscukr 
^•ps  of  the  diaphmgrn.  Registration  of  the  movements  in  man 
Mitring  quiet  breathing  give  us  such  a 
''"Bcord  as  is  seen  in  Fig,  267.  It  will 
be  seen  that  the  inspiration  (descend- 
ing limb)  is  followed  at  once  by  an 
Expiration,  as  we  should  expect^ 
^ince,  as  soon  as  the  inspirator}^ 
Xunscles  eease  to  act^  the  physical 
ctors  mentioned  above  at  once  tend 
>  bring  the  chest  hack  to  its  normal 
ation.  The  expiration  (ascending 
pnh)  is  at  first  rapid  and  toward  the  {^s 

I  very  gradual,  so  that  there  is  al- 
a  condition  of  rest,— an  expira- 
pause. 
The  Volumes  of   Air  Respired 
id  the  Capacity  of  the  Lungs. — 
be  voluxDe  of  air  respired  varies,  of 
5y  with  the  extent  nf  the  niove- 
and  the  size  of  the  indivi<lual. 
volume    may    he    determined 
in  any  given  case  by  means 
iromdcTi — a  form  of  gasometer 
to  this  purpose.     The  con- 
ion  of  this  apparatus  is  rejire- 
m  Fig.  268.    It  consists  of  a 
it^l  c>'linder  (A)  and  a  receiver 
lied  with  water.     The  cylinder 
counterbalancerl  by  a  weight  (g) 
aa  to  move  up  and  down  in  the         Fig.   258.^Wmtrich^«   mo^ufi- 
"water  of  B  with  the  least  possible  re-   ^IrhcmT''^'^''^''  «pirometer. 
wtaDce.    The  tulie  C  passes  throngh 

the  wall  of  B  and  ends  in  the  interior  of  A  above  the  level  of  the 
water.  The  free  end  of  this  tube  is  connected  with  the  mouth 
or  nose.  When  one  breathes  throngh  this  tube  the  expired  air 
passed  into  A^  which  rises  from  the  water  to  receive  it.  If  ^4  is 
•TEiiuated  the  amount  of  air  breathed  out  may  be  measured 
lirectly.  The  folkmnng  terms  are  used :  Vital  cajmciiy.  By 
%\  capacity  is  meant  the  quantity  of  air  that  can  be  breathed 
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out  by  the  deepest  |K)ssible  expiration  after  making  the  if^ ' 
possible  inspiration.     It  ^ivea  a  rough  measure  of  lung  capwi^i 
and  is  used  in  gymna,siuins  and  physical  examinations  for  this  |rtK  I 
pose.     The  actual  amoimt  varies  with  the  indi\idual;  anaveopi 
figure  for  the  adult  man  is  37f»0  cc.     Tidal  air.     By  this  lenBtj 
meant  the  amount  of  air  breathed  out  in  a  normal  quiet  expimuaLl 
A  similar  amount  is  breathed  in,  of  course,  in  the  previous  iiispii*'| 
tion.  and  the  term  tidal  air  designates  the  amount  of  air  thiktf 
in  and  out  of  the  huigs  with  each  quiet  respiratory  mov«iKflL| 
Here,  again,  there  are  individual  variations.     The  avera^ 
for  the  adult  man  is  500  ex.     The  complemental  air.    This  i 
designates  the  amount  of  air  that  can  be  breathed  in  over  aoii  ab 
the  tida!  air  by  the  deepest  possible  inspiration.     It  is 
at  I6(J0  c.c,     T/w?  supj^emenlal  air.     By  this  tarm  is  me&flt ' 
amount  of  air  that  can  be  breathed  out,  after  a  quiet  expiratioa,  I 
the  most  forcible  expiration.     It  is  equal  also  to  1600  c.c*   It  id 
evident  that  the  complemental  air  plus  the  supplemental  aif  ] 
the  tidal  air  constitute  the  vital  capacity.     The  residual  air, 
the  most  forcible  expiration  the  lungs  are  far  from  being  < 
collapsed.    The  vohime  of  air  that  remains  behind,  after  ^ 
pie  mental  air  has  been  driven  out,  is  known  as  the  re^dd 
The  amount  of  this  air  has  Ijeen  estimated  directly  on  the  i 
(Hermaim),    The  thorax  was  first  prefisefl  into  a  position  of  foi 
expiration ;  the  trachea  %vas  then  ligated,  the  chest  opened,  ttuj 
removed  and  their  valurne  estimated  by  the  amount  of 
placed  when  they  were  immersed.     The  average  result 
estimations  was,  in  round  numbers,  IDOO  c.c.     Under  conditii 
normal  breathing  the  reserve  supply  of  air  in  the  lungs  is  < 
the  residual  air  phjs  the  supplemental  air,^that  is,  2600  ex. 
nial  air.     When  the  thorax  is  opened  the  lungs  collapse,  driving <i 
the  supplemental  and  residual  air,  but  not  quite  completely, 
the  air  cells  are  entirely  emptied  the  small  bronchi  leading  to  I 
collapse  and  their  walls  adhere  with  sufficient  force  to  entmp  ft  Htti 
air  in  tlie  alveoli.     It  is  on  this  account  that  the  excised  lu 
in  water  and  are  designated  as  lights  by  the  butcher. 
amount  of  air  caught  in  this  way  is  designated  as  the  mininall 
In  the  fetus  before  birth  the  lungs  are  entirely  solid,  bull 
birth,  if  respirations  are  made^  the  lungs  do  not  collapse  < 
on  account  of  the  capture  of  the  minimal  air,     WTiether  or  iwll 
lungs  will  float  has  constituted^  therefore,  one  of  the  facts  Jtfrfi 
medicolegal  cases  to  determine  if  a  child  was  stillborn.    Thf  1 
during  hfe  may,  under  certain  conditions,  again  l>ecome  m  ] 
entirely  solid-     If  any  of  the  alveofi  become  completely  shut  < 
from  the  trafhea,  by  an  accident  or  by  pathological  conditions  t 
air  ciiught  in  them  may  be  completely  absorl»etL  after  .i 
intervali    by    the    circulating    blood. 
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le  Size  of  the  Bronchial  Tree  and  the  Ventilation  of  the 
I.— Since  the  reserve  supply  of  air  in  the  lungs  may  amount  to 
.c,  while  the  new  air  breathed  in  at  each  inspiration  amounts 
r  500  C.C.,  it  would  seem  at  first  that  the  alveolar  air  is  not 
Bciently  renewed  by  a  quiet  inspiration.  The  actual  amount 
tilation  efifected  depends  on  the  capacity  of  the  bronchial 
)metimes  known  as  the  "dead  space"  of  the  lungs,  since 
filling  this  space  is  not  useful  in  the  respiratory  processes. 
ing  to  observations  founded  partly  on  measurements  of 
f  the  tree  and  partly  upon  physiological  determinations 
)y  breathing  air  poor  in  oxygen,  it  would  seem  that  this 
may  be  reckoned  at  140  c.c*  At  each  inspiration,  there- 
least  360  c.c.  of  air  penetrate  into  the  alveoli,  and  if  evenly 
nated  through  the  lungs  add  about  -^  to  the  volume  of 
veolus.  Once  in  the  alveoli,  diffusion  must  tend  to  spread 
J  air  rapidly,  and  that  this  occurs  is  shown  by  an  interesting 
lent  performed  by  Gr^hant.  He  breathed  in  500  c.c.  of 
5n  instead  of  air  and  then  examined  the  amounts  of  hy- 
breathed  out  in  successive  expirations.  Only  170  c.c. 
covered  in  the  first  expiration,  180  c.c.  in  the  second,  41  in 
rd,  and  40  in  the  fourth. 

ificial  Respiration. — In  laboratory  experiments  artificial 
bion  is  employed  frequently  after  the  use  of  curare ;  when  it  is 
.ly  to  open  the  chesi:  after  cessation  of  respirations  from 
366  of  chloroform  or  ether,  etc.  The  method  used  in  almost 
18  is  the  reverse  of  the  normal  procedure, — that  is,  the  lungs 
[landed  by  positive  pressure  (pressure  in  excess  of  atmos- 
.  A  bellows  or  blast  worked  by  hand  or  machinery  is  con- 
with  the  trachea  and  the  lungs  are  dilated  by  rhythmical 
I.  Provision  is  made  for  the  escape  of  expired  air  by  the  use 
res  or  by  a  side  hole  in  the  tracheal  cannula.  Numerous 
rf  respiration  pumps  have  been  devised  for  this  purpose. 
cases  of  susjjended  respiration  in  human  beings  from  drown- 
ctrical  shocks,  pressure  upon  the  medulla,  etc.,  it  is  necessary 
artificial  respiration  in  order  to  restore  normal  breathing. 
3  ordinarily  cannot  be  used  in  such  cases.  Some  method 
e  employed  to  expand  and  contract  the  chest  alternately,  and 
dififerent  ways  have  been  devised.  The  Marshall  Hall 
I  consists  in  placing  the  subject  face  down  and  rolling  the 
om  this  to  a  lateral  position,  making  some  pressure  upon  the 
hile  in  the  prone  position.  The  Sylvester  method,  which  is 
tly  used,  consists  in  raising  the  arms  above  the  head  and 
iDging  them  down  against  the  sides  of  the  chest  so  as  to 
»  the  latter.  The  Howard  method  consists  in  simply  com- 
See  Loewy,  "  Archiv  f.  die  gesammte  Physiologie, "  58,  416. 
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pressing  the  lower  part  of  the  chast  while  the  subject  is  in  as 
position.  Schaefer,  who  has  recently  compared  these 
methods,  suggests  one  of  his  own,  which  seems  to  be  effective j 
labor^  and  is  less  injurious  to  the  subject.*  He  describes  it  as foti 
lows:  "It  consists  in  laying  the  subject  in  the  prone  ^^im\ 
preferably  on  the  ground,  with  a  thick  folded  garment  undeiBolkj 
the  chest  and  epigastrium.  The  operator  puts  himself  athwirt  of| 
at  the  side  of  the  subject,  facing  his  he^id  (see  Fig,  269)  and] 
his  hands  on  each  side  o%^er  the  lower  part  of  the  back  flowest  nbsVl 
He  then  slowly  throws  the  weight  of  his  body  forwanl  to  bearupdj 


Fig.   260.-— Show?;  iJi- 


of  tlrivwnmg.  —ii>cfui</itT.) 


.  i  rF.n>u»ti«  B  < 


his  ow^n  arms,  and  thus  presses  upon  the  thorax  of  the  subject  ni 
forc^  air  out  of  the  lungs.  This  l>eing  effected,  he  graduAll;  f^ 
[axes  the  pressure  by  bringing  his  owm  body  up  again  to  a  ni** 
erect  jxisition,  but  without  moving  the  hands."  These  mo^^n^ 
are  repeatcil  i|uite  regularly  at  a  rate  of  twelve  to  fifteen  \m^  * 
minute  until  normal  respiration  liegins  or  the  possibility  d  ^ 
restoration  is  abandoned.  A  half-hour  or  more  may  be  rttpW 
before  normal  lireathing  movements  start. 

•  Schafer.    '*Medicf>-chinirjn<'al    Transaction?/'    London^    vof.  IC^t 
l&04j  als<3  **jQuniiil  of  the  Atncricafi  Medical  Association/'  ^t    ^^^   ^^ 
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THE  PRESSURE  CX)NDinONS  IN  THE  LUNGS  AND 

THORAX  AND  THEIR  INFLUENCE  UPON  THE 

CIRCULATION. 

In  considering  the  pressure  changes  in  respiration  the  distinction 
etween  the  pressure  in  the  thorax  outside  the  lungs  and  the  pres- 
tue  within  the  lungs  and  air  passages  must  be  kept  clearly  in  mind, 
"he  pressure  in  the  thoracic  cavity  outside  the  lungs  may  be 
eognated  as  the  intrathoracic  pressure;  it  is  the  pressure  exerted 
poD  the  heart,  great  blood- 


s' thoracic  duct,  esopha- 
us,  etc.  The  pressure  in  the 
iterior  of  the  lungs  and  air 
aasages  may  be  designated  as 
Urapulmomc  pressure.  The 
^tdons  of  the  two  pressures 
ith  reference  to  the  outside 
hnosphere  is  indicated  sche- 
latically  in  Fig.  270. 

The  Intraptdmonic  Pres- 
Ore  and  its  Variations.— The 
br  passages  and  the  alveoli  of 
^  lungs  are  in  free  conmiuni- 
ition  with  the  external  air; 
Sosequently  in  every  position 
f  rest,  whether  at  the  end  of 
aspiration  or  expiration,  the 
KesBure  in  these  cavities  is 
jual  to  that  of  the  atmos- 
here  outside.  During  the  act 
r  inspiration,  however,  the  in- 
^pulmonic  pressure  falls  tem- 
Drarily  below  that  of  the  atmosphere, — that  is,  during  the  inflow  of 
r.  The  extent  to  which  the  pressure  falls  depends  naturally  upon 
le  rapidity  and  amplitude  of  the  inspiratory  movement  and  upon 
le  size  of  the  opening  to  the  exterior.  The  narrowest  portion  of 
e  air  passages  is  the  glottis;  consequently  the  variations  in  pres- 
re  below  this  point  are  probably  greater  than  in  the  pharynx  or 
sal  cavities.     If  the  air  passages  are  abnormally  constricted  at 
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_  _.  Diagram    to    illustrate   how 

the  pressure  of  the  air  is  exerted  through 
the  lun^  walls  upon  the  heart  (H)  and  other 
organs  m  the  mediastinal  suac^.  The  pres- 
sure on  these  organs  (intrathoracic  pressure) 
is  equal  to  one  atmosphere  minus  the  amount 
of  the  opposing  pressure  exerted  by  the  ex- 
panded limgs. 
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any  point  the  fall  of  pressure  during  inspiration  will  be  con 
ingiy  magnified  in  the  parts  below  the  constriction,  as  happens, !cr1 
instance,  in  bronchial   asthma,  edema   of  the  glottis,  foWintitj 
head^  etc.     Under  normal  condi lions  the  fall  of  pressure  durinii 
quiet  inspiration  is  not  large.     I>onders  determined  it  in  manlKj 
connecting  a  water  nianoniet-er  with  one  nostril  and  found  thai  i 
was  equal  to  — 9  or  — 10  mnis.  water.     At  the  end  of  an  inspifttk«»  I 
if  there  is  a  paiuse,  the  pressure  within  the  lungs  again  rises,  of  c(HJi«r  J 
to  atmospheric.     During  expiration,  on  the  other  hand,  the  colb(*  j 
of  the  chest  wall  takes  place  with  sufficient  rapidity  to  eompr»t 
air  somewhat  during  its  escape  and  cause  a  temporar>'  rise  of  pw^j 
sure.    In  nomia.1  expiration  Donders  estimated  this  rise  as  equal  ta  I 
7  or  8  mms.  water.     The  intrapuhnonic  pressure  may  \*ar>*  gnpf^Tl 
from  these  figures  in  the  positive  or  negative  direction  accordinigl 
the  factor?  mentioned  above,  especially  the  int-ensity  of  the  i 
tor>'  movement  and  the  size  of  the  opening  to  the  exterior.   Tkl 
extreme  variations  are  obtained  when  the  opening  to  the  outadelij 
entirely  shut  off.     When  an  inspiration  or  an  expiration  is  i 
with  the  glottis  firmly  closed  the  pressure  in  the  lungs,  of  ocmnek] 
rises  and  falls  with  the  rarefaction  or  compression  of  the  cootiiiMlj 
air.     A  strong  inspiration  under  such  conditions  may  lower  1 
pressure  by  30  to  80  rams,  of  mercur>',  while  a  strong  expintki 
raises  the  pressure  by  an  amount  equal  to  60  to  100  mms.  Hg. 
the  act  of  cougMng  we  get  a  similar  result:  the  strong  i 
expirations  are  made  with  a  closed  glottis  and  cottsequently  caiwi] 
marked  rise  in  the  intrapidmonie  pressure.     Such  great  va 
in  pressure  have  a  marked  influence  on  the  heart  and  the  cir 
tion,  as  is  explained  below. 

Intrathoracic  Pressure.— When  a  reference  is  made  ta 
pressure  within  the  thorax,  it  is  the  intrathoracic  pressure  tbi  i 
meanti — that  is,  the  pressure  in  the  pleural  ca\ity  and  : 
spaces.  This  pressure,  under  nomml  conditions,  is  alwa>^  i 
— that  is,  is  always  less  than  one  atmosi>here.  The  reason  for  thi' 
is  simply  that  the  lungs  are  distended  to  fill  the  thoracic  ca\it>%  auJ 
consequently  the  organs,  like  the  heart,  which  lie  in  thia  ca^t' 
outside  the  lungs,  are  exposed  to  a  pressure  of  one  atmo0pbm, 
minus  the  force  of  elastic  recoil  of  the  lungs  (see  Fig,  270).  The  hart 
and  other  intrathoracic  organs  are  protected  from  the  direct  pe^j 
sure  of  the  air  by  the  thoracic  walls;  they  are  pressed  upon,  i 
ever,  through  the  lungs,  but  naturally  the  atmospheric  piesuff  I 
reduced  by  an  amount  equal  to  the  elastic  force  of  the 
lungs.  Intrathoracic  pressure^  in  fact,  may  be  defined 
pulmonic  pressure  minus  the  elastic  poll  of  the  lung)s,  and  i 
under  usual  conditions  the  intrapulmonic  pre^asure  is  equal  to  1 
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the  atmosphere,  the  intrathoracic  pressure  is  less  than  an 
Qoephere  by  an  amount  equal  to  the  recoil  of  the  lungs.  The 
native  pressure  in  the  thorax  is,  therefore,  equal  to  the  elastic 
oe  of  the  lungs,  and  is  laiger  the  more  the  lungs  are  put  upon 
tretch, — ^that  is,  the  deeper  the  inspiration.  The  amount  of  this 
[ative  pressure  has  been  measured  upon  both  animals  and  men 
two  methods:  First  by  Bonder's  method  of  attaching  a  manom- 
r  to  the  trachea  and  then  opening  the  thoracic  walls  so  as  to 
m  the  atmosphere  to  press  upon  the  exterior  face  of  the  limgs. 
this  way  the  elastic  force  of  the  lungs  is  determined,  and,  as 
lained  above,  this  is  equivalent  to  the  negative  pressure.  Second, 
thrusting  a  trocar  through  the  thoracic  wall  so  that  its  open  end 
jT  He  in  the  pleural  or  mediastinal  cavity,  the  other  end  being 
lopriately  connected  with  a  manometer.  The  older  observers 
itchinson)  also  made  experiments  upon  freshly  excised  human 
p,  determining'  their  elastic  force  when  distended  by  known 
mnts  of  air.  The  figures  obtained  by  these  different  methods 
e  shown  some  variations,  but  the  following  quotations  give 
dea  of  the  average  extent  of  this  negative  pressure.  Heynsius,* 
dng  use  of  the  figures  obtained  by  Hutchinson,  estimates  that 
dan  the  negative  pressure  in  the  thorax  at  the  end  of  expiration 
-4.5  mms.  Hg,  while  at  the  end  of  an  inspiration  it  is  equal  to 
S  mms.  Hg, — a  variation  during  respiration,  therefore,  of  3  mms. 
That  is,  assuming  that  the  atmospheric  pressure  is  760  mms. 
the  conditions  of  pressure  in  the  thorax  and  lungs  at  the  end  of 
iration  and  expiration  are  as  follows: 

At  the  End  or  Inspiration.      At  the  End  or  Expiration. 
UNiImonic  pressure. .  .760   mms.  Hg.  760     mms.  Hg. 

ithoracic  pressure.... 762.5    "      '^  766.6    "       *^ 

Iron  gives  results  obtained  from  a  healthy  man  in  whom  a  can- 
k  was  connected  directly  with  the  pleural  cavity.t  From  36 
aminations  he  obtained  the  average  result  that  at  the  end  of 
t  inspiration  the  negative  pressure  is — 4.64  mms.  Hg  and  at 

end  of  expiration  — 3.02  mms.  Hg — results  considerably 
JT  than  those  estimated  by  Heynsius.  It  should  be  borne 
oind,  however,  that  these  values  depend  upon  the  condition 
Kpansion  of  the  chest, — that  is,  the  position  of  the  body  and 
depth  of  inspiration.  On  dogs  Heynsius  reports  as  follows: 
od  of  inspiration,  — 9.4  mms.  Hg;  end  of  expiration,  — 3.9  mms. 

On  rabbits,  — 4.5  mms.  and  — 2.5  mms.  Hg. 
'ariations  of  Intrathoracic  Pressure  with  Forced  and  Unusual 
jrations. — ^After  the  most  forcible  expiration,  when  the  air- 
"Anjhiv  f.  die  gesammte  Physioloeie, "  29,  265,  1882. 
Aron,  quoted  mm  Emerson,  "Johns  Hopkins  Hospital  Reports,"  11, 
903. 
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passages  are  open,  the  intrathoracic  pressure  is  still  negative  bf 
small  amount,  since  the  lungs  are  still  expanded  beyond  li 
might  be  called  their  normal  size.^that  is,  their  size  when  thcp 
sure  inside  and  outside  is  the  same.  If,  however,  a  forced  df 
tion  is  made  with  the  glottis  closed,  as  in  the  straining  movemi 
of  defecation,  parturition,  etc.,  then  naturally  the  intrathoi 
pressure  rises  ^dth  the  intrapulmonar>^  pressure.  The  inert 
prt^^ssure  from  the  compressed  air  in  the  lungs  is  felt  upon  theiw 
in  the  me^liastinal  spaces.  The  large  veins  especially  am  abl 
and  the  flow  in  them  Is  partially  blocked,  as  is  sho^^Ti  by  thesvi 
of  the  veins  in  the  neck  outside  the  thorax.  The  maintenizil 
such  conditions  for  a  considerable  period  may  seriously  aSect 
circulation.  The  same  general  effect  is  obtained  also  in  atUe 
coughing,  the  \iolent  spasmodic  expirations  with  closed  gjl 
causing  a  \Tsihle  venous  congastion  in  the  head  from  the  ohstmi 
to  the  venous  f!ow  into  the  heart.  Forcible  inspirations,  OQ 
other  hand,  lower  the  intrathoracic  pressure — that  is,  mciCBSi 
negati\'ity — whether  the  glottis  is  oj}en  or  closed,  WTien  theg 
is  freely  open  and  a  deep  inspiration  is  made  the  intmtha 
pressure  may  fall  as  much  as  30  mms.  Hg, — that  is,  l>ecoiiie  f 
to  7»iO  mms.  The  lungs  1  :>eing  much  more  expanded  exert  a  0 
spondingly  greater  elastic  force.  If  the  glottis  is  closed  dull 
deep  inspiration  then  there  Ls  little  actual  expansion  of  the  Id 
but  the  intrapulmonary  pressure  falls  from  the  rarefaction  of  Ui 
in  the  lungs,  and  the  intrathoracic  pressure,  of  course,  falls  w 
The  Origin  of  the  Negative  Pressure  in  the  Thorax.— As 
dent  from  the  above  explanation,  the  fact  that  the  pr^suieiol 
thorax  is  less  than  an  atmosphere  is  due  in  the  long  run  to| 
circumstance  that  the  lungs  are  smaller  than  the  thoracic  ni 
which  they  occupy.  In  the  fetus  the  lungs  are  solid,  and  eoroph 
fill  the  thoracic  ca%dty,  except  for  the  part  occupied  by  the  d 
organs.  It  has  been  a  question  whether  after  birth  the  me^  of 
thoracic  canity  is  suddenly  and  i>crmanently  increased  by  the 
inspiratory  movements,  and  a  negative  intrathoracic  pressiJfP^ 
produced  at  once.  The  careful  exi^eriments  of  Hermann*  aeerJ 
have  settleil  this  point.  He  proved  that  newly-torn  clflt 
between  the  first  and  the  fourtli  day,  show  no  meA.*^!urable 
pi-essure  in  the  thorax,  and  at  the  eighth  day  the  preasurt » 
thoracic  ca\dty  is  less  than  atmospheric  by  an  amoimt  equal  toi 
— 0.4  mm.  Hg,  The  negative  pressure  as  we  find  it  in  the 
evidently  develoi>ed  gradually,  and  is  due  to  the  fact  tluit 
thorax  increases  in  size  more  rapidly  and  to  a  greater  extiot ' 
the  lungs,  so  that  to  fill  the  ca\1ty  the  lungs  become  more  and 
expanded.  It  follows,  also,  from  these  facts,  that  the 
*  Hermann,  '*  Archiv  f.  tl,  gesanimte  Physiologie,  *'  30, 276, 11 
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lukl  has  practically  no  reserve  supply  of  air  in  the  lungs;  at  each 
aqniation  the  lungs  are  entirely  emptied  (except  for  the  minimal 
lir).  The  ventilation  of  the  lung  alveoli  is  correspondingly  more 
perfect  than  in  older  persons. 

Pneumothorax. — ^When  the  pleural  cavity  on  either  side  is  opened 
bjr  any  means  air  enters  and  causes  a  greater  or  less  shrinkage  of 
Ihe  corresponding  lung.  This  condition  of  air  within  the  pleural 
cavity  is  designated  as  pneumothorax.  It  is  evident  that  air  mary 
enter  the  pleural  cavity  in  one  of  two  general  ways:  By  a  pimcture 
of  the  parietal  pleura  such  as  may  be  made  by  gunshot  or  stab 
Viounds  in  the  chest,  or  by  a  puncture  of  the  visceral  pleura,  such  as 
may  occur,  for  example,  by  the  rupture  of  a  tubercle  in  pulmonary 
tuberculosis,  the  air  in  thia  case  entering  from  the  alveoli  of  the 
NgB.  From  the  physical  conditions  involved  it  is  evident 
that  if  the  opening  into  the  pleural  cavity  is  kept  patent  then  the 
lung  will  collapse  completely  and  eventually  will  become  entirely 
ioBd,  since  the  small  amount  of  entrapped  minimal  air  will  be 
ftbsffbed  by  the  blood.  The  other  Iimg,  the  heart,  etc.,  will  also 
be  displaced  somewhat  from  their  normal  position  by  the  imusual 
pttBure.  If,  however,  the  opening  is  closed,  then  the  air  in  the 
pbttial  cavity  may  be  absorbed  completely  by  the  circulating  blood 
ttd  the  lung  again  expand  as  this  absorption  takes  place.  In 
hnnan  bdngs  pneumothorax  occurs  most  frequently  in  conditions 
of  disease,  particularly  pulmonary  tuberculosis,  and  the  air  in  the 
thorax  is  associated  also  with  a  liquid  efifusion,  this  combination 
being  designated  sometimes  as  hydropneumothorax.* 

The  Aspiratory  Action  of  the  Thorax. — ^The  negative  pres- 
^  prevailing  in  the  thoracic  cavity  must  affect  the  oi^ans  in  the 
Qsediastinal  space.  The  intrathoracic  portion  of  the  esophagus, 
br  instance,  is  exposed,  at  times  of  swallowing  at  least,  to  a  full 
toosphere  of  pressure  on  its  interior,  while  on  its  exterior  it  is  under 
4e  diminished  intrathoracic  pressure.  This  difference  tends  to 
Bate  the  tube  and  may  aid  in  the  act  of  swallowing.  The  main 
tfect  of  the  difference  in  pressure  is  felt,  however,  upon  the  flow 
<  lymph  and  blood,  especially  the  latter.  The  large  veins  in  the 
^  and  axilla  are  under  the  pressure  of  an  atmosphere  exerted 
hiough  the  skin,  and  the  same  is  true  for  the  inferior  cava  in  the 
Momen.  But  the  superior  and  inferior  cavsR  and  the  right  auricle 
te  under  a  pressure  less  than  one  atmosphere.  This  difference  in 
iBssure  must  act  as  a  constant  favoring  condition  to  the  flow  of 
lood  to  the  heart.  The  difference  is  markedly  increased  at  each 
spiration;  so  that  at  each  such  act  there  is  an  increase  in  the 
dodty  and  volume  of  the  flow  to  the  heart, — an  effect  which  is 

♦  See  Emerson,  "Pneumothorax,"  Johns  Hopkins  Hospital   Reports, 
1,  1903. 
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usually  referred  to  as  the  aspiratory  action  of  the  thorax*    At«ck 
inspiration  hloo<l  is  ''  sucked  ^'  from  the  extrathoracic  into  the  mVia* 
thoracic  veins.     Ho  far  as  the  inferior  cava  is  concerned,  this 
is  augmented  by  the  simultaneous  increavse  in  abdominal  pi 
For  as  the  diaphragm  descends  it  raises  the  pressure  in  the  ak 
domen  as  it  lowers  the  pressure  in  the  thorax.     The  two  fl^ 
tors  co-operate  in  forcing;  more  blooc!  from  the  ahdoniinal  to  the 
thoracic  portion  of  the  cava.     This  aspiratory  effect  upon  ti 
ous  flow  to  the  heart  is  made  more  important  by  the  ai 
of  the  valves  in  the  jugular,  subclavian,  and  femoral  v^ina^  whicb,il 
explained  on  p.   508    facilitate  the  emptying  of  the  tMnuwi 
tern  toward   the   heart.     There  should   be,   of   cour»i»,   a 
effect,  but  in  the  op|x>site  direction,  upon  the  f!ow  in  the  &i 
ies.       Each  inspiration  should  retard  the  arterial  ouH^"^^   ^ 
the  aorta  into  its  extmthoracie  branches*    As  a  matter  c«i  t 

effect  probably  does  not  take  place.     The  arteries  art'  ! 

and  are  distended  by  a  high  internal  pressure,   so  r 
change  of  pressure  of  tliree  or  four  nuUinieters  of  n  i 
inspiration  is  probably  incajmble  of  influencing  the  *    ,      , 
arteries,  while  it  has  a  distinct  effect  upon  the  thin-v  .ill- il 
whose   internal    pressure  is   very  small.     The   *  ^  ju 

thoracic  pressure  during  respiration  must,  affect  ll^  i  5!it: 

in  the  puInionar>'  circuit » the  How  from  the  right  to  the  \>  M 

the  heart.     This  effect  is  manifested  in  the  so-callr  ' 
waves  of  blood- pressure  which  may  be  diseufised   1 
connection. 

Respiratory  Waves  of  Blood-pressure* — ^When  m  riv>iitfi 
taken  of  the  blood-pressure  the  tracing  shows  waves,  ' 
respirators^  movements  are  very  shallow,  which  are  synehroDoua 
the  respirator)^  movements  (see  Fig.  271).     When  the 
is  dyspneic  the  waves  of  pressure  are  ver\'  marked.  To  aei  i 
exact  relations  of  these  variations  to  the  phases  of  nsjAria.^^ 
necessary  to  raake  simultaneous  tracings  of  blooil-pressure 
respiration  movements  with  the  recording  pens  pruperl 
In  the  dog  it  is  usually  stated  that  the  blood-pressur<  ;. 

at  the  beginning  of  inspiration,  l>ut  rises  during  the  rest  of  ti^' 
act.  At  the  beginning  of  expiration  the  pressure  eontinuas  ta 
rise  for  a  time  and  then  falls  during  most  of  this  phase.  Oo  tkf 
whole,  therefore,  the  effect  of  inspiration,  its  final  effect,  is  to 
a  rise  of  arterial  pressure,  while  the  effect  of  expiration  is  to 
a  fall.  The  relationship  of  the  two  curv^es  varies  in  other 
so  that  a  general  statement  regarding  the  relationship 
phase  of  respiration  and  the  change  in  blood-pressure  cannot 
made.  In  the  case  of  man  various  methods  have  been  empli^' 
to  determine  this  relationship.    A  continuous  record  of 
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ure  in  man  niay  be  taken  by  means  of  the  spliyginomanonieter 
?<2cordmg  to  a  principle  first  sugge.sted  by  Erlanger.  The  principle 
Evolved  is  to  set  the  pressure  in  the  cuff  on  the  outside  of  the  arm, 
^mewhat  below  systolic  pres^sure.  The  pulsations  in  the  man- 
Oi/ieterwiU  therefore  be  suboifiximal  (see  p,  492),  If  now  the  blood 
|)fes!5tire  rises  the  amplitude  of  the  puisations  will  increase,  since  the 


I^^it.j^ 


FlB, 


271. Respiratory  waves  of  biood-preasiire.     Typical   blfswl-preaeure  reconl  as 

»  with  *"  mercury  mimonieter:     Hp   the  b loot! -pressure  recHtnJ,  mIjows  xhe  s€»parat© 
r  beata  and  the  Urgier  rcapiralory  waves,  eadi  of  which  comprises  mx  Vo  seven  hiMrl 


dtra-arterial    diastolic    pressure   thereby    approaches   the   extra- 
terial  pressure.     The  reverse  of  course  happens  i^ith  a  fall  of 
>lood-pre^ssure.     Making  use  of  this  mt*thod  it  is  found*  that  in 
tnan  the  blood-pressure  falls  during  inspiration  and  rise^  during 
ration. 

is   generally   agreed    that    thi^    effect  of    the    respiratory 
^ement^  on  the  arterial  pressure  is  due  mainly  to  mechanical 
'Erlanj^er  and  Fesstorlmg,  ^'Journal  of  Expermionlal  Medicine,'-  15,  370, 
M2 
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fartors  whic^h  influenee  the  amount  of  blood  dischargefl  mUy^ht 
aorta.     The  matter  k  diffivnli  to  analyze  syccessfully,*  but  \k 
follo\\ing  factors  are  the  one^  which  have  usually  been  enipl 
At  each  inspiration  the  at^pirator>'  action  of  the  thorax  upm 
venous  flow  to  the  right  side  of  the  heart  18  increased,  and  <uti- 
sequently  more  l>lood  ij^  throwTi  into  the  pulmonary  cirrulatuju 
and  eventually  into  tlie  left  ventricle.     This  factor  would  tend  to 
increase  the  output  of  the  heart  during  inspiration  and  therrfff 
raise  arterial  presHure.     Ob  the  other  hand  the  blood-cap^rity 
of  the  lun|!js  is  increased  during  in.spiration,  owing  to  a  stretdiiti^ 
of  the  blood-cai>illaries  during  the  expansion  of  the  lung8,  untl  i\^ 
increase  in  capacity  may  serve^  temporarily  at  lea*st»  to  hold  Kvk 
the  flow  of  blofxl  to  the  left  ventricle  and  thereby  cause  a  f&ll<if 
pressure  chiring  the  inspiration.     It  is  possible  that  the  corobini' 
tion  of  these  two  factors  may  explain  the  variable  relationship (t 
the  pressure  changes  and  the  pliases  of  respiration  report<?d  bf 
diflfcrent    observers.     In    addition    to    these    mechanical  factoR 
there  is  a  physiological  element  which  enters  into  the  problaa, 
namely,  the  change  in  heart-rate,  which  tends  to  augment  the  out' 
flow  from  the  heart  during  inspiration. 

The  increased  rate  of  heart  beat  during  inspiration  varies  as  H 
its  degree  in  different  intUviduals,  It  has  been  shoi^n  by  Fredcwf* 
that  this  change  occurs  wlien  the  chest  is  widely  opened  and  til 
respirator}^  movements  can  have  no  mechanical  effect  upon  theheait^ 
He  suggests,  therefore,  that  the  accelerated  pulse  during  inspiiatioft 
is  due  to  an  associated  activity  in  the  nen^e  centers  of  the  medullfc 
When  the  inspiratory  center  discharges  its  efferent  impulses  iftttf; 
the  phrenic  nerves  it  also  sends  impulses  by  a  sort  of  overflow 
into  the  neighboring  cardio-inhibitory  center.  This  latter  «i»» 
ter  is,  thereby,  partially  inhibited »  its  tonic  effect  on  the  bciit 
is  diminished,  and  the  rate  of  the  heart  is  increased* 

In  artificial  respiration  carried  out  by  means  of  a  beDont-' 
that  is,  by  exjjanding  the  lungs  with  positive  pressure— sdl  tb 
conditions  of  pressure  in  inspiration  and  expiration  are  Tfmtrmi 
During  such  an  inspiration  the  flow  of  blood  to  the  right  heart,  iri 
Respiratory  waves  of  presi^ure  are  present  under  such  condition^ 
but  the  rplations  of  rise  and  fall  to  the  phases  of  respiration  t^ 
reversinL 

*  For  the  older  literatiirei  see  de  Jager,  "Jounml  of  Phwiology,"  7, 13ft 


CHAPTER  XXXVL 

;    CHEHICAL  AND   PHYSICAL   CHANGES   IN    THE 
IR  AND  THE  BLOOD  CAUSED  BY  RESPIRATION* 

lie  Inspired  and  the  Expired  Air. — ^The  inspired  air,  atmoa 
B  air,  varies  in  composition  in  di£Ferent  places.  The  essential 
ituents  from  a  physiological  standpoint  are  the  oxygen, 
5en,  and  carbon  dioxid.  The  new  elements — aigon,  krypton, 
-have  not  been  shown  to  have  any  physiological  significance, 
ire  included  with  the  nitrogen.  The  accidental  constituents 
)  air  vary  with  the  locality.  In  average  figures,  the  composi- 
I  this  air  is,  in  volume  per  cent.:  nitrogen,  79;  oxygen,  20.96; 
Q  £oxid,  0.04.  The  expired  air  varies  in  composition  with 
apth  of  the  expiration  and,  of  course,  with  the  composition  of 
r  inspired.  Under  normal  conditions  the  expired  air  contains, 
ume  per  cent.:  nitrogen,  79;  oxygen,  16.02;  carbon  dioxid. 
In  passing  once  into  the  limgs  the  air,  therefore,  gains  4.34 
les  of  carbon  dioxid  to  each  hundred,  and  loses  4.94  volumes 
rgen. 

N.  O.  CX),. 

Inspired 79  20.96  0.04 

Expired 79  16.02  4.38 

4.94  4.34 

lis  table  expresses  the  main  fact  of  external  respiration:  the 
dd  air  loses  oxygen  and  gains  carbon  dioxid  and  consequently 
ood  absorbs  oxygen  and  eliminates  carbon  dioxid.  It  will  be 
,  also,  that  the  volume  of  oxygen  absorbed  is  greater  than  the 
le  of  carbon  dioxid  given  off.  This  discrepancy  is  explained 
)  general  fact  that  the  oxygen  absorbed  is  used  in  the  long  run 
idize  the  carbon  and  also  the  hydrogen  of  the  food;  conse- 
ly,  while  most  of  it  is  eliminated  in  the  expired  air  as  carbon 
,  some  of  it  is  excreted  as  water.  For  the  sake  of  complete- 
may  be  stated  that  traces  of  hydrogen  and  methane  are  also 
in  the  expired  air.  They  probably  originate  in  the  intestines 
ermentation  processes  and  are  carried  off  in  solution  in  the 
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Physical    Changes  in  the  Expired  Air. — The  expired 
warmed   nearly  or  quite  to  the  body  temperature  and  is  nesily  I 
saturated  ^ith  water  vapor.    Since,  as  a  rule,  the  air  that  n  j 
inspire  is  much  cooler  than  the  body  and  is  far  from  being  saturntei 
with  water  vapor,  it  is  evident  that  the  act  of  respiration  enuOi 
upon  the  body  a  loss  of  heat  and  of  water.     Breathing  is,  infect, 
one  of  the  means  by  which  the  body  temperature  is  reguhtti^ 
although  in  man  it  is  a  subsitUar>^  means.     In  other  ; 
dog.  for  instance — panting  is  a  ver\^  important  aid  in  eontrollin|t 
body  heat.     Heat  is  lost  in  respiration  not  simply  in  waniiiii|tbl 
air  in  the  air  passages,  but  also  by  the  evaporation  of  water  in  t 
alveoh,  the  conversion  of  water  from  the  Uquid  to  the  gaseous {o 
being  attended  by  an  absorption  of  heat.     Breathing  is  tiaa  < 
of  the  means  by  which  the  water  contents  of  the  body  are  rtiiubwLl 
The  water  that  we  ingest  or  that  is  formed  \^ithin  the  bod}'  b  kept! 
within  certain  hniits,  and  this  regulation  is  effected  by  thesecrftioDll 
of  urine  and  sweat  maiidy,  but  in  part  also  by  the  constant  loestfj 
water  from  the  blood  as  it  passes  through  the  lungs. 

The  Injurious  Effect  of  Breathing  Expired  Air— Veisti 
tion. — It  is  genemlly  recognized  that  in  badly  ventilated  rooms  t 
air  acquires  a  tiisagrecablc  odor,  jierceptible  especially 
on  entering,  and  that  persons  remaining  imder  such  eonditi 
any  length  of  time  suffer  from  headache,  depression,  and  a| 
feehng  of   uncomfortableness.     It   has    been   assumed,  altli 
without  sufficient  proof,  that  these  effects  are  due  to  the  vitiatioiirfj 
the  atmosphere  by  the  expired  air.     When  the  ventilation  is  ^ 
imperfect  and  the  room  greatly  crowded  death  may  result,  as,  1 
instance,  in  the  historical  ease  of  the  Black  Hole  of  CalcutlA.   bj 
extreme  cases  of  this  latter  kind  it  is  most  probable  that 
causes  combine  to  prochice  a  fatal  residt.     The  conditions  are  i 
as  to  lead  to  a  ver>^  lai^e  mcrease  in  carbon  dioxid  and  diminu 
of  oxygen  in  the  respired  air — a  result  which  carried  to  *< 
point  will  itself  cause  death;  and  in  addition  the  air  becoo 
heated  to  a  high  temperature  and  saturated  with  water 
both  of    these  latter  conditions  preventing  loss  of   heat 
the  body  and  producing  a  fever  temperature.     Under  the  < 
dinary    conditions   of   life    poor    ventilation    produces  tU  oM 
viously  evil  results   in    rooms   temporarily    occupied — scboA 
churches,  lecture  rooms,  theaters^  etc.,— and  it  is  important  to! 
what  is  the  cause,  and  how  it  may  lie  avoided.     On  the  basis  off 
work  it  has  been  assumed  that  there  is  present  in  the  ( 
volatile  organic  substance  which  when  breathed  again,  pasdbtyi 
having  undergone  some  further  change,  exerts  a  toxic  inlBueiicc. 
evil  effects  of  badly  ventilated  rooms  have  been  attribuled  i 
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this  supposed  substance.  The  investigations  that  have  been 
ide  upon  this  substance  are,  unfortunately,  far  from  being 
nclusive.*  It  seems  to  be  clear  that,  when  the  expired  air  is 
luiensed  by  passing  it  into  a  cooled  chamber,  the  water  thus 
rtamed,  about  100  c.c.  for  2500  liters  of  air,  is  clear,  odorless,  and 
\B  only  a  minute  trace  of  organic  matter.  If  this  liquid  with  or 
ithout  condensation  is  injected  under  the  skin  or  into  the  blood- 
Sflds  no  evil  result  follows,  according  to  the  testimony  of  the 
iqority  of  observers.  But  it  remains  possible,  of  course,  that  the 
bstance  if  present  may  be  destroyed  by  this  method  or  may  es- 
pe  precipitation  in  the  condensed  water.  An  experiment  that 
18  supposed  to  give  a  positive  indication  of  the  existence  of  an 
pnic  (basic)  poison  in  the  expired  air  is  the  following,  first  per- 
med by  Brown-S6quard:  A  series  of — say,  five — bottles,  each 
ft  capacity  of  a  liter  or  more,  are  connected  together  in  train  so 
At  air  can  be  drawn  through  them  by  an  aspirator.  A  live 
rase  is  placed  in  each  bottle,  and  between  bottles  4  and  5  an 
sorption  tube  is  arranged  containing  sulphuric  acid.  Under 
386  conditions  only  the  mouse  in  bottle  1  gets  fresh  air,  those  in 
3  successive  bottles  get  more  and  more  impure  air,  while  in  bottle 
ills  air  is  purified  to  the  extent  of  removing  the  organic  matter 
passing  it  through  sulphuric  acid.  The  result  of  such  an  ex- 
timent  as  described  by  some  observers  is  that  the  mouse  in  bottle 
lies  after  a  certain  number  of  hours,  the  one  in  bottle  3  later, 
lile  those  in  the  first  and  last  bottles  show  no  injurious  effects. 
le  obvious  conclusion  is  that  death  in  such  cases  is  due  to  some 
(anic  toxic  substance,  and  not  to  a  mere  increase  of  carbon 
aid,  chemical  analysis  showing  that  this  latter  substance  does 
t  accumulate  sufficiently  under  these  conditions  to  cause  a  fatal 
ult.  Some  other  observers  have  failed  to  get  this  effect,  but 
jn  assuming  it  to  be  correct  it  will  be  noted  that  the  experiment 
w  no  proof  that  the  organic  substance  in  question  is  excreted 
the  expired  air.  Indeed,  the  seemingly  very  careful  experiments 
Formdnek  make  it  probable  that  in  these  experiments  the  toxic 
(Stance  is  ammonia  or  an  ammonia  compound,  which  is  not 
en  off  from  the  lungs,  but  from  the  decomposition  of  the  urine 
1  feces  in  the  cage.  When  this  latter  source  of  contamination 
amoved  the  expired  air  is  practically  free  from  ammonia  and 
hout  injurious  effect.  The  expired  air,  therefore,  according  to 
'k  of  this  character,  contains  no  organic  poison  which  can  be 
irded  as  a  product  of  respiration. 

•See  Haldane  and  Smith,  "Journal  of  Pathology  and  Bacteriology," 
(8  and  318,  1893;  Merkel,  "Archiv  f.  Hygiene,"  15,  1,  1892;  FonnAnek, 
hiv  f.  Hvgiene,"  38,  1,  1900;  Weicharcit,  Urid.y  65,  252,  1908.     Amoes, 
rnal  of  fixp.  Medicine,^'  17,  132,  1913. 
42 
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Some  observers  (Hernmnn,  Haldane,  and  Smith)  hat« 
careful  experiments  upon  men  which  also  seem  to  throw  mucE 
doubt  upon  the  existence  of  a  toxic  substance  in  expired  air    It- 
divitluaLs  kept  in  a  confined  space  for  a  number  of  hoars  show  a«^ni! 
effects  except  when  the  accumulation  of  the  carton  dioxi'i  b? 
reached  a  concentration  of  o\'er  4  per  cent.     At  this  eoncentnt»» 
rapid  breathing  is  apparent,  and  if  it  rises  to  10  per  cent,  gwt 
distress  is  felt  and  tlie  face  becomes  congested  and  blue.    Thesi 
authors  conclude  that  expired  air  is  injurious  in  itself  ualy  (db 
the  carbon  dioxid  it  contains,  and  only  when  this  gfis  accumuUta 
to  a  pcn'cntagc  such  as  is  not  foiiml  in  the  worst  venlilateil  p»«m^ 
As  opposed  to  these  negative  results,  Weichardt  reports  a 
of  experiments  upon  mice  in  which  the  ex-pired  air  of  a  i 
animals  was  passcil  througli  acidulated  wat^r,  and  the 
then  condensed  in  a  vacuum  to  a  small  volume  and  neuiraii^t 
When  injcctetl  into  a  fresh  animal  this  material  brought  oo  I 
soporific  condition,  fall  of  body  temperature,  and  diminution  ii 
output  of  carbon  dioxid.     The  author  exphuns  these  rei^ulte  oB 
the  assumption  that  s<:tme  of  tlie  so-called   fatigue-toxin  (kew^j 
toxin)  is  excreta  by  way  of  the  lungs,  imd  he  believe?  that  d»^ 
known  depressing  efifects  of  poor  ventilation  are  an  expn^oo 
the  action  of  this  substance.     His  results  have  not  been 
finned  and,  at  present,  the  definitely  know^n  evil  results  of  hi 
ing  the  air  of  crowded,  fxjorly  ventilated  rooms  must  be  peferrrf^ 
to  other  poasible  causes,  such   as  the  Incre-ase  in 
and  moisture.     These  two  conditions  cause  depre^ssion  and 
even  when  an  adequate  supply  of  air  is  providech     It  b  ptK^W*". 
also,  that  the  material  given  off  from  the  skin  in  the  pcr^irsti<ait, 
sebaceous   secretions,  etc.,  may  account  sufficiently  for  \he 
and,  possibly,  also  for  some  of  the  general  evil  effecta.    M 
ventilation  is  so  i>oor  that  the  carbon  dioxid  accumulates 
extent  of  3  t-o  4  per  cent.,  then  this  factor  begins  to  exen^ise  a 
effect  upon   the  respiratory  movements  and  the  geni*nU 
tion, — an  effe(*t  which  increases  as  the  percentage  of  carbon  dh 
rises. 

VcMUatwn,~-it  is  ob\ious  from  the  foiegoing  statements  'i^ 
our  knowledge  is  not  yet  sufficiently  complete  to  enable  u»  t*j  *J 
positively  at  what  point  air  in  a  room  becomes  injurious  to  bmtk, 
whether  from  products  of  expiration »  or  exhalation,  or  rhaneN  ■ 
teniperatum  and  moistui^.  The  statement  is  frequently  nmk  • 
the  books  that,  when  the  air  contains  as  much  as  1  per  ctot  i 
carbon  dioxid  (Smith)  that  has  been  produced  by  breathinf^  f*J 
results,  as  judged  by  one's  feelings,  are  sure  to  occur,  but  the  «i- 
periments  of  Haldane  and  Smith  seem  to  disprove  lliis  stataaoi 
entirely. 
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stems  of  ventilation  which  have  held  in  view  simply  the 
of  maintaining  the  air  at  an  approximately  normal  com- 
n  as  regards  the  oxygen  and  the  carbon  dioxid  have  not 
I  entirely  satisfactory  in  practical  use,  and  probably  for  the 
that  they  have  neglected  to  take  into  account  the  conditions 
Bffds  temperature  and  moisture.  Laboratory  experiments 
)  show  that  individuals  in  a  confined  space  may  rebreathe 
itil  its  composition  is  noticeably  altered  in  regard  to  the 
.  dioxid  and  oxygen,  and  yet  no  distress  be  felt  if  provision 
le  for  avoiding  a  rise  in  temperature  and  humidity,  and,  on 
ler  hand,  rooms  may  seem  to  be  poorly  ventilated,  as  judged 
sensations,  when  the  renewal  of  air  is  sufficient  to  prevent 
lous  change  in  its  gaseous  composition. 
e  Gases  of  the  Blood. — ^The  gases  that  are  contained  in  the 
Eure  oxygen,  carbon  dioxid,  and  nitrogen.  These  gases  may 
racted  completely  and  in  a  condition  for  quantitative  analysis 
U3S  of  some  form  of  gas-pump.  The  principle  of  most  of  the 
mps  used  in  the  physiological  laboratories  is  the  same.  The 
ktus  is  arranged  so  that  the  blood  to  be  examined  is  brought 
vacuum  while  kept  at  the  temperature  of  the  body.  Under 
ionditions  all  of  the  oxygen  and  nitrogen  and  part  of  the  car- 
oxid  are  given  off  and  may  be  collected  by  suitable  means, 
ion  of  the  carbon  dioxid  present  in  the  blood  is  in  such  stable 
lation  that  to  remove  it  it  may  be  necessary  to  add  some 
acid,  such  as  phosphoric  acid.  This  portion  of  the  carbon 
is  designated  in  this  connection  as  the  fixed  carbon  dioxid. 

I  principle  of  the  gas  pump  may  be  explained  most  easily  by  describing 
ue  form  devised  by  Gr6hant.  The  essential  parts  of  this  pump  are  rep- 
1  in  Figs.  272  and  273.  The  mercury  pump  consists  of  two  bulbs,  one 
B  (M),  the  other  fixed  (F).  M  may  be  raised  and  lowered  by  the  wind- 
.  Above  F,  there  is  a  three-way  stopcock  (m)  by  means  of  which  the 
r  F  may  be  put  into  communication  with  the  outside  air  by  way  of  C, 
the  bulb  By  which  is  to  contain  the  blood,  or  may  be  shut  off  com- 

If  3f  is  raised  so  as  to  fill  F  entirely,  and  the  stopcock  m  is  shut  off, 

lowering  M  the  mercury  will  flow  into  it,  leaving  a  perfect  vacuum 

ince  the  distance  between  F  and  M  is  greater  than  the  barometric 

If  the  stopcock  m  is  turned  so  as  to  throw  F  into  communication 
the  chamber  of  this  latter  is  brought  under  the  influence  of  the  vac- 
d  any  gases  that  it  may  contain  will  be  distributed  between  B  and 
itopoock  m  is  again  turned  off  and  M  is  raised,  the  gases  in  F  will  be 
ed  at  its  upper  end,  and  by  turning  the  stopcock  m  properly  these 
ay  be  forced  to  the  outside  by  way  of  C  or  may  be  collected,  if  de- 
a  burette  filled  with  mercury  and  inverted  over  the  opening  from 
ined  in  the  bottom  of  C  In  performing  an  experiment  the  flask 
1  is  to  contain  the  blood,  is  connected  with  F,  as  snown  in  the  figure, 
}  being  protected  from  leakage  by  a  seal  of  water  outside,  as  shown 
ich  represents  a  piece  of  wide  ruober  tubing  filled  with  water  so  as 
[*t  a  joint  between  two  pieces  of  glass  tubing.  B  is  next  exhausted 
dy  by  raising  and  lowering  M  a  number  of  times  in  the  way  described 
itil  on  throwing  B  into  communication  with  a  vacuum  in  i^  no  further 


Figa,  272j  273, — Gmm  pump  for  fxtractioi;  the  nwa  of  blood  {Orikamtii  , 
Mertur>'  rec^eivi^rs;  F,  ^lodlasa  for  rididQg  Hnd  loweriofr  Af;  m,  ii  tbiw  viQj 
cock  protected  by  a  seal  of  trw?rcury  or  m-attr;  T,  m  dip  with  nwmffjr  ffHl 
tlw  recaivins  eucuometei-  is  placed  to  collect  th«  snoev;  Bt  the  budb  bi  wl^il 
vmcuiui]  is  niBde,  the  blood  ia  intriMlucod  by  the  eraouabed  ayrinve,  S,  B^OMi 
^opcock  m  tbe  vacuum  in  F,  caused  by  the  Ml  oi  th«  mercury,  csn  be  plaotd  «l  i 
cation  with  B.  After  tba  ffaaee  have  diHuaeci  over  iuto  F.  Af  is  nuseri,  and  i  ' 
cock  m  m  prufwrly  tumed  theee  gaeea  are  driven  out  tbroUKh  C  into  ihe  < 
The  oiierHtiuti  is  repeated  until  no  mora  g&ii  b  givca  off  from  B. 


■^ 


at  the  temperature  of  the  body;  and  the  bulb  M  ia  now  rmiaQd  and  IM 
number  of  times  so  that  the  gases  given  ofT  from  the  blood  are  dnif^ 
intn  F  atnl  then  by  protnT  mnnipulatinn  of  the  8tof>-cock  arp  dH' 
a  burette  fastened  over  the  ot>enin|?  of  the  tube  in  C    To  drive  off  i 
carbon  dioxid  a  little  dilute  pho^plioric  acid  must  be  added  to  the 
B  hy  means  of  the  sjTinge^  S,    The  gaiiea  than  collected  into  the 
firbt  measured  and  are  then  analyzed  for  the  three  importajot  i 
by  some  of  the  accepted  gaaometric  metho<is.    The  principle  i 
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BOifo  first  from  the  mixture  all  of  the  CO2  by  introducing  a  solution  of  sodium 
potaanum  hydrate.  The  reading  of  the  volume  left  after  this  absorption 
completed  compared  with  the  first  reading  gives  the  volume  of  CO,.  Next, 
bmiy  made  alkaline  solution  of  pyrogallic  acid  is  introduced  into  the  tube. 
tuBsolutian  absorbs  all  of  the  oxygen,  whose  volume  is  thus  easily  determined, 
he  gas  that  is  left  unabsorbed  after  the  action  of  these  two  solutions  is  nitro- 
B.  The  volumes  of  gases  are  reduced,  as  is  the  custom,  to  unit  pressure 
id  temperature, — that  is,  to  zero  degree  centigrade  and  760  mms.  barometric 
^WBore.  A  correction  must  also  be  made  for  the  tension  or  pressure  exerted 
f  the  aqueous  vaix>r  in  the  gases.  These  corrections  are  made  by  means 
the  following  formula: 

_  V(B-T) 

760  X  (1  +  0.003665t) 

which  V*  represents  the  corrected  volume,  V  the  volume  actually  observed, 
the  barometric  height  at  the  time  and  place  of  the  obscurvation,  T 
le  aqueous  tension  at  the  temperature  of  the  reading,  and  t  the  temperature 
dmes  centijgrade. 

For  determming  the  gases  in  small  volimies  of  blood  use  has  been  made  of 
kcmical  methods  of  blood  gas  analysis.  In  the  case  of  o}ryrgcn,  to  which  such 
cthods  are  most  applicable,  the  device  employed  (Haldane)  is  to  lake  the 
JDnple  of  blood  completely  by  means  of  dilute  ammonia  and  then  to  add  a 
•lution  of  potassiimi  f erricyanide.  The  oxygen  gas  is  given  off  by  the  hemo- 
obin  and  can  be  measured,  with  a  suitable  apparatus,  for  volumes  of  blood 
I  small  as  1  c.c.  or  even  0.1  c.c.  For  details  of  this  method  reference  must  be 
ode  to  original  sources — ^Barcroft  and  Haldane,  ''Journal  of  Ph3r8iology,''  28, 
^  1902,  and  Barcroft  and  Roberts,  ibid.y  42,  512,  1911. 

By  means  of  such  methods  the  gases  in  the  blood  have  been  de- 
amined.  The  quantities  vary  somewhat,  of  course,  with  the  con- 
ition  of  the  animal  and  with  the  species  of  animal.  In  a  quick 
oalysis  of  dogs'  arterial  blood  made  by  Pfliiger  the  following 
guies  were  obtained  reckoned  in  volumes  per  cent. :  O,  22.6;  CO,, 
13;  N,  1.8.  In  this  case  each  100  c.c.  of  arterial  blood  contained 
2.6  c.c.  of  O  and  34.3  c.c.  of  CO,  measured  at  O*'  C.  and  760  mms. 
[g.  An  analysis  of  human  blood  (Setschenow)  gave  closely  similar 
guies;  0,  21.6  per  cent.;  CO,,  40.3  per  cent.;  and  N,  1.6  per  cent. 
Jhm  the  arterial  and  the  venous  bloods  are  compared  it  is  found 
lat  the  venous  blood  has  more  carbon  dioxid  and  less  oxygeiu 
verage  figures  showing  the  difference  in  composition  are  as  follows; 

O.  CO,.  N. 

Arterial  blood 20  38  1.7 

Venous  blood 12  45  1.7 

Difference 8  7  0 

he  actual  amounts  of  oxygen  and  carbon  dioxid  in  the  venous 
ood  vary  with  the  nutritive  activity  of  the  tissues,  and  differ 
erefore  in  the  various  organs  according  to  the  state  of  activity  of 
eh  oi^gan  in  relation  to  the  volume  of  its  blood  supply.  This 
int  is  well  illustrated  by  some  analyses  made  by  Hill  and  Na- 
rro*  of  the  gases  in  the  venous  blood  from  the  brain  and  the 

♦  Hill  and  Nabarro,  "Journal  of  Physiology,"  18,  218,  1895. 
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muscles,  resjiectively.     Their  average  results  when  both 

were  at  rest  were  as  follows; 

OxTGCir.  Cauon  Vtom, 

Venous  blood  from  hrnhn  (femoral) 6.34  per  cent,  45,75  peretfil 

"  **         "     brain  (toreular)  .,.  13.49     '*      "  41.05    "    " 

It  will  be  seen  that  under  similar  conditions  there  is  much  1» 
oxygen  used  and  carbon  dioxid  formed  in  the  brain  than  ia  tie 
limbs  (muscles).  In  the  former  oi^an  the  physiological  oxkbtiom 
must  either  be  small  comparetl  with  tiiose  of  the  musclee^  or tkt 
brain  tissues  receive  a  relatively  ample  supply  of  blood,  so  that  tbt 
tissue  metabolism  has  less  effect  yjx)n  the  blood  compoeition.  Tk 
venous  blood  as  it  comes  to  the  lungs  is  a  mixture  of  bloods  fi« 
different  organs,  and  its  composition  in  gases  Mill  be  constant  oo)t 
when  tiie  conditions  of  the  body  are  kept  uniform.  Much  vtosi 
has  been  done  in  physiolog}^  to  determine  the  condition  in  wW 
these  various  gases  are  held  in  the  blood.  The  results  diUiorf 
show  that  they  are  held  partly  in  solution  and  partly  in  chenid 
combination.  To  understand  the  part  played  b}^  each  factor 
the  conditions  that  control  tiie  exchange  of  gases  in  the  luii(55 
tissues  it  is  necessary  to  recall  some  facts  r^arding  the  phi 
and  chemical  projierties  of  gases. 

The  Pressure  of  Gases  and  the  Terms  Expressing 
Pressures,^ — ^The  air  around  us  exists  under  a  pressure  of 
atmosphere  and  this  pressure  is  expressed  usually  in  terms  of 
height  of  a  column  of  mercury  that  it  will  support,— namelr. 
column  of  760  mms.  Hg,  which  is  known  as  the  normal 
pressure  at  sea-leveh    Air  is  ii  mixture  of  gases,  and  according  to  1 
mechanical  theory  of  g4is-pre8aure  each  constituent  exerts  a  p 
corresponding  to  the  proportion  of  that  gas  pi^esent.     In  ati 
air,  therefore,  the  oxygen,  l)eing  present  to  the  extent  of  30 
cent.,  exerts  a  pressure  of  ^  of  an  atmosphere  or  ^  >   760  =  I 
mms.  Hg.     When  we  speak  of  one  atin<j4?phere  of  gas  pre^u'*' 
therefore,  we  mean  a  pressure  et^uivalent  to  760  mms.  H)^,  an'i* 
any  given  mixture  the  pressure  exerted  by  any  constiUieol 
be  expressed  in  percentages  or  fractions  of  an  atmosphere,  of  in 
erpiivaleut  height  of  the  mercury  column  which  it  will  support* 

Absorption  of  Gases  in  Liquids. — ^When  a  gas  is  biwight* 
contact  with  a  liquid  with  whicli  it  does  not  react  cheniicallf 
certain  number  of  the  moving  gaseous  molecules  peneu^ 
liquid  and  become  dissolved.     Some  of  these  dissolved 
escai:je    from    the   wat^r    from    time   to    time,    agialn 
gaseous.     It  is  evident^  however^  that  if  a  liquid ,  water,  is 
into  contact  with  a  gas  under  definite  pressure, — that  is,  codI 
a  definite  number  of  molecules  to  a  unit  volume, — ^an  equiliJi 
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J  established.  As  many  molecules  will  penetrate  the  liquid 
ven  time  as  escape  from  it,  and  the  liquid  will  hold  a  definite 
T  of  the  gas  molecules  in  solution;  it  will  be  saturated  for 
ressure  of  gas.  If  the  pressure  of  the  gas  is  increased,  how- 
in  equilibrium  will  be  established  at  a  higher  level  and  more 
lies  of  gas  will  be  dissolved  in  the  liquid.  Experiments  have 
,  in  accordance  with  this  mechanical  conception,  that  the 
t  of  a  given  gas  dissolved  by  a  given  liquid  varies,  the  temper- 
'emaining  the  same,  directly  with  the  pressure, — that  is,  it  in- 
I  and  decreases  proportionally  with  the  rise  and  fall  of  the 
essure.  This  is  the  law  of  Henry.  On  the  other  hand, 
lount  of  gas  dissolved  by  a  liquid  varies  inversely  with  the 
*atuie.  It  follows,  also,  from  the  same  mechanical  views 
1  a  mixture  of  gases  each  gas  is  dissolved  in  prpportion 
pressure  that  it  exerts,  and  not  in  proportion  to  the  pressure 
mixture.  Air  consists,  in  round  numbers,  of  4  parts  of  N  and 
of  0.  Consequently,  when  a  volume  of  wateE  is  exposed  to 
r  the  oxygen  is  dissolved  according  to  its  "partial  pressure," 
.  is,  under  a  pressure  of  -J-  of  an  atmosphere  (152  nuns.  Hg). 
ater  will  contain  only  -J-  as  much  oxygen  as  it  would  if  exposed 
lU  atmosphere  of  oxygen — ^that  is,  to  pure  oxygen.  And,  on 
her  hand,  if  water  has  been  saturated  with  oxygen  at  one 
phere  (760  mms.)  of  pressure  and  is  then  exposed  to  air, 
fths  of  the  dissolved  oxygen  will  be  given  off,  since  the  pressure 

surroimding  oxygen  has  been  diminished  that  much.  Afr- 
ti  coefficient.  By  this  term  is  meant  the  number  that  ex- 
i  the  proportion  of  gas  dissolved  in  a  unit  volume  of  the  liquid 
one  atmosphere  of  pressure.  The  absorption  coefficient  will 
of  course,  with  the  temperature.  The  gases  that  interest  us 
I  connection  are  oxygen,  nitrogen,  and  carbon  dioxid.  The 
ition  coefficients  of  these  gases  for  the  blood  at  the  tempera- 

the  body  are  as  follows:  0,  0.0262;  N,  0.0130;  COj,  0.5283.* 
8,  1  c.c.  of  blood  at  body  temperature  dissolves  0.0262  of 
of  oxygen  if  exposed  to  an  atmosphere  of  pure  oxygen,  and 

The  solubility  of  the  CO,  is  therefore  twenty  times  as  great 
i  of  oxygen.  Accepting  these  figures,  we  may  calculate  how 
)f  these  three  gases  can  be  held  in  the  arterial  blood  in  physical 
n,  provided  we  know  the  pressure  of  the  gases  in  the  alveoli 
lungs.  The  composition  of  the  alveolar  air  will  be  discussed 
'  on,  but  we  may  assume  at  present  that  it  contains  80  per 
f  nitrogen,  15  per  cent,  of  oxygen,  and  5  per  cent,  of  carbon 

I  given  by  Bohr,  the  absorption  coefficients  of  these  three  gases  at 
re  as  follows:   Oxygen,  0.0231;  nitrogen,  0.0118;  carbon  dioxid,  0.530. 
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dioxid.    In  1(>0  c.c.  of  blood,  therefore,  the  following  anwiuntecf 
these  gases  should  be  held  in  solution: 

Nitrogen 100  X  0.013    X  0.80  =  1.04    cc. 

Oxygen 100  X  0.0262  X  0.15  —  0,393  ^' 

Carbon  dioxid 100  X  0.5283  X  0.05  —  2.64      ' 

As  will  be  seen  from  the  analyses  given  above  of  the  actual  %mm^ 
of  these  gases  obtained  fmm  the  blood,  the  nitrogen  alone  is  prtKBl 
in  quantities  corresponding  to  what  would  be  expected  if  it  I 
held  in  simple  physical  solution. 

The  Tension  or  Pressure  of  Gases  in  Solution  or  Cco^ 
nation.^When  a  gas  ia  held  in  solution  the  equilibrimn  i«(i^ 
stroyed  if  the  pressure  of  this  gas  in  the  surrounding  mediiaaflf 
atmosphere  is  changed.  If  this  pressure  is  increased  the  Bqiai 
takes  up  more  of  the  gas,  and  an  equilibrium  ia  established  H  * 
higher  level.  If  the  pressure  is  decreased  the  liquid  pmrfi 
some  of  the  gas.  That  pressure  of  the  gas  in  the 
atmosphere  at  which  equilibrium  is  established  measures  the  tfnii 
of  the  gas  in  the  hquid  at  that  time.  Thus,  when  a  bowl  of  wattfi 
exposed  to  the  air  the  tension  of  the  oxygen  in  solution  is  152  vM> 
Hg;  that  of  the  nitrogen  is  608  nuns,  Hg.  If  the  same  walni 
exposed  to  pure  oxygen  the  tension  of  the  oxygen  in  solution* 
ecfual  to  760  mms.  Hg^  while  that  of  the  nitrogen  sinks  to  USD 
if  tlie  gas  that,  is  given  of!  from  the  water  is  removed.  Wirt 
com}X)unds  such  as  oxyhemoglobin  the  tension  under  which  tk 
oxygen  is  held  is  measured  by  the  pressure  of  the  gas  in  ite  »tf^ 
rounding  atmosphere  at  which  the  compound  neither  takes  up  t^ 
gives  off  oxygen.  If,  therefore,  it  is  necessary  to  detenninetbi 
tension  of  any  gas  held  in  solution  or  in  dissociable  combination  ilij 
sufficient  to  determine  the  percentage  of  that  gas  in  the  surn>i 
atmosphere  and  thus  ascertain  the  partial  pressure  that  it 
If  the  nt  mo  sphere  contains  5  per  cent,  of  a  gi%'en  gas  the 
pressure  exerted  by  it  Is  equal  to  88  mms.  Hg  (760  X  0.05). 
this  figure  expresses  the  tension  under  which  the  gias  is  held 
solution  or  comlnnation  in  a  liquid  exposed  to  such  an  a1 
As  regards  the  tension  of  the  gases  in  arterial  and  venous  \kA 
this  procedure  is,  of  course,  not  possible,  since  the  blood  is  Ja^ 
rounded,  not  by  an  atmosphere  whose  composition  can  be  anityndi 
but  by  the  liquids  of  the  body,  the  lymph  and  cell  juiaes.  ^^ 
determine  the  tension  of  the  gases  in  the  blood  it  is  necesEUt  10 
remove  the  blood  from  the  vessels  and  bring  it  into  contact  withii 
atmosphere  containing  a  known  quantity  of  O,  CX),,  or  N,  accord 
to  the  gas  to  be  measured,  hy  trial  an  atmosphere  can  be  obUiirf 
in  which  this  gas  is  contained  in  amounts  such  that  there  b  Dft 
marked  increase  or  decrease  in  quantity  after  standing  in  diffusion 
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with  the  blood.  The  percentage  of  the  gas  in  the  atmo- 
losen  will  measure  the  tension  of  that  gas  in  the  blood, 
iment  which  has  been  much  used  for  such  determinations 
mted  diagrammatically  in  Fig.  274.  It  is  known  as  an 
neter  (Pfliiger).  It  con- 
tube  (A)  which  can  be 
I  through  6  directly  with 
-vessels.  This  tube  A  is 
jd  by  a  jacket  (C)  con- 
rarm  water,  so  that  the 
ly  be  kept  at  the  body 
lire  during  the  experi- 
l  is  first  completely  filled 
Bury  from  the  bulb  M  to 
the  air.  An  atmosphere 
n  composition  is  then 
ito  A  by  dropping  the 
lood  is  allowed  to  flow 
rough  the  stopcock  6  and 
)  down  the  sides  of  the 
i£fusion  relations  are  set 
Ben  the  blood  and  the 
mosphere,  and  after  equi- 
las  been  established  the 
ven  out  through  a  into  a 
it  receiver  and  analyzed, 
erotonometers  are  used, 
aining  the  gas  at  some- 
her  pressure  than  that 
and  the  other  at  a  some- 
^er  pressure,  an  average 
Dbtained  which  expresses 
icient  accuracy  the  pres- 
e  given  gas  in  the  blood.* 
mportant  not  to  confuse 
>n  at  which  a  gas  is  held 
d  with  the  volume  of  the 

us,  blood  exposed  to  the  air  contains  its  oxygen  under  a 
I  152  noLms.  Hg,  but  the  amount  of  oxygen  is  equal  to  20 
per  cent.  Water  exposed  to  the  air  contains  its  oxygen 
J  same  tension,  but  the  amount  of  gas  in  solution  is  less 
olume  per  cent.  Tensions  of  gases  in  liquids  are  ex- 
ither  in  percentages  of  an  atmosphere  or  in  millimeters 

escription  of  more  modern  instruments,  see  Tigerstedt,  "Handbuch 
igischen  Methodik,"  vol.  ii.,  1911. 


f^ 


Fur>  274. — Diagram  to   show  the 
priacipTe  of  the  aerotonometer:  .4,  The 


tube  containing  a  known  mixture  of 
saaes,  O,  CO^,  si ;  C,  the  outside  jacket 
for  maintaimng  a  constant  body  tern* 


perature.  When  stopcock  6  is  open 
the  blood  trickles  down  the  sides  of  A 
and  enters  into  diffusion  relations  with 
the  contained  gases.  After  equilibrium 
is  reached  the  stopcock  h  is  closed  and 
a  is  opened.  By  means  of  the  mer- 
cury bulb  the  gases  can  then  be  forced 
out  of  A  into  a  suitable  receiver  for 
analsrsis. 
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of  mercury.    Thus,  the  tem^iion  of  oxygen  in  arterial  blood  bta 
to  be  equal  to  about  13  per  cent,  of  an  atmosphere  or  KX^miw 
Hg.  (7*30X0.13). 

The  Condition  and  Significance  of  the  Nitrogen.— Wf  vm 
accept  the  view  that  the  nitrogen  of  the  blootl  is  held  in  pbysol 
solution.  The  amount  present  corresponds  with  thi.s  vit^w,  snA 
moreover,  it  if>  found  that  the  quant  ity  varies  direetly  with  thr 
pressure  in  accordance  with  the  law  given  above*  If  an  aoiiwl 
is  permitted  to  breathe  an  atmosphere  of  ox>'gcn  and  hydnfi 
the  nitrogen  disappears  from  the  blootl,  and  when  ordinani' ^'f  * 
breathed  the  nitrogen  contents  of  the  arterial  and  venous 
exhibit  no  constant  difference  in  quantity.  It  seems  eertaintl 
fore,  that  the  nitrogen  plays  no  direct  role  in  the  physiological  (to^| 
cesses.  It  is  absorbed  by  the  blood  In  proportion  to  its 
pressure  in  the  alveoli  of  t  lie  hmgs  and  circulates  in  the  bl«xxi  \ 
small  amounts  without  exerting  any  immediate  influence  upoo  thij 
tissues. 

Condition  of  Oxygen  in  the  Blood.— That  the  ox}'geti  isQiA] 
held  in  tiie  blood  merely  in  solution  is  indicated,  in  the  first  pl««f  j 
by  the  large  quantity  present  and,  in  the  second  place,  by  the W I 
that  this  quantity  doa^  not  vary  direcjtly  with  the  pressure  in  tl»j 
Burrouniling  medium.     It  is  definitely  known  that  by  far  the  latf«*| 
fwrtion  of  tfie  oxygen  is  held  in  chenncal  combination  with  tilj 
lienioglobin  of  the  red  corpuscles,  while  a  much  smaller  jir 
varying  with  the  pres.sure,  is  held  in  solution  in  the  plasnia. 
compound  oxyhemoglobin  possesses  the  important  property  tb 
when  the  pre^ure  of  oxygen  in  the  surrounding  medium  fall*  s 
eiently  it  begins  to  dissociate  and  free  oxygen  is  given  off.    The  p 
ess  of  dissociation  is  facilitated  also  by  increase  of  temp 
provided  I  of  course,  that  it  does  not  rise  to  the  point  of  i 
the  hemoglobin.    The  amount  of  dissociation  that  takes  place  i 
tliffercnt  pressures  of  ox>'gen  in  the  surrounding  medium  hii  I 
studied  both  for  solutions  of  pure  hemoglobin*  and  forde 
bloivd/f     It    would    seem    from    this    work    that    the  comp 
between  oxygen  and  hemoglobin  is  more  ea^sily  tlissociated  wh*u^ 
hemoglobin  is  in  its  natuml  comiition  in  the  corpuscles  than  vbeDi* 
has  been  crj^stallized  out  and  obtained  in  pure  solutions.  TV^ 
suits  tliat  have  l>een  obtained  from  experiments  upondefihrinAW 
blood  |)robal>ly  represent,  therefore,  more  nearly  the  coo 
of  dissociation  in  the  body.     The  results  obtained  by  Bohf  ^ 
indicated  in  the  curve  of  dissociation  shown  in  Fig,  275»  obi 
from  experiments  on  dog's  blood.     At  a  pressure  of  oiy 
152  nims. — that  is,  when  exposed  to  ordinar>^  air — the  1 

*  Hiifner,  *' Archiv  f.  Php^iolog^e/*  8yppL  volume,  1901,  p  213. 
t  Ixjtiwy,  '^Archiv  f,  PhysioluKie/'  ltX)4,  p,  245. 
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nearly  or  completely  saturated  with  oxygen.  If  the  oxygen 
^WBure  is  increased, — ^if ,  for  instance,  the  blood  is  exposed  to  pure 
Vgen  (pressure,  760  nuns.), — ^no  more  oxygen  is  combined 
lemically  by  the  hemoglobin.  Additional  oxygen  will  be  taken 
>  by  the  blood,  but  only  in  so  far  as  it  can  pass  into  solution  in  the 
ood-plasma.  Oxygen  thus  dissolved  in  the  blood-plasma  obeys 
e  physical  law  of  solution,  and  will  be  at  once  given  off  when  the 
ygen  pressure  of  the  surrounding  medium  is  lowered.  If  the 
BBBure  of  oxygen  falls  below  that  of  the  air  (152  nuns.)  the  chemi- 
lly  combined  oxyhemoglobin  begins  to  dissociate  slowly  at  first, 
t  as  the  pressure  falls  below  70  mms,  the  dissociation  becomes 


FSff.  276. — Curves  of  dissociation  of  the  oxyhemo^obin  at  different  pressures  of 
fWm,  Five  curves  are  shown  to  indicate  that  the  dissociation  of  the  oxyhemoglobin 
patty  influenced  bv  the  presence  of  COf.  The  figures  along  the  ordinates  (10  to  100) 
MMe  peroentaces  of  saturation  of  the  hemoglobin  with  oxygen,  while  the  figures  along 
)  abKttBa  (0  to  160)  indicate  different  pressures  of  oxygen.  The  curve  marked  5  mm. 
Ii  Aom  the  amount  of  combination  of  oxygen  and  hemoglobin  when  the  COs  is  absent 
PNMut  only  in  traces.  In  this  curve  at  a  pressure  of  30  mms.  of  oxygen  it  will  be  seen 
•jB»  hemoglobin  is  80  per  cent,  saturated  with  oxygen,  while  with  a  pressure  of  40  mms. 
OOh  which  approximates  that  in  the  body,  the  hemoglobin  at  the  same  pressure  of 
Wn  k  only  60  per  cent,  saturated.     (After  Bohr,) 

uch  more  rapid,  and  the  oxygen  thus  liberated  from  chemical 
mbination  is  from  a  quantitative  standpoint  much  more  impor- 
at  than  that  freed  from  solution  in  the  plasma.  This,  in  fact, 
the  process  that  takes  place  as  the  blood  circulates  through  the 
Bues.  The  arterial  blood  enters  the  capillaries  with  its  hemo- 
oWn  nearly  saturated  with  oxygen, — about  19  c.c.  to  each  100  c.c. 
blood.  After  it  leaves  the  capillaries  the  venous  blood  contains 
fy  about  12  volumes  of  oxygen  to  each  100  c.c.  of  blood.  In  the 
asage  of  the  capillaries,  which  takes  only  about  one  second,  the 
>od  loses,  therefore,  about  35  per  cent,  or  more  of  its  oxygen. 
e  physical  theory  of  respiration  furnishes  data  to  show  that  this 
i  is  due  to  a  dissociation  of  the  oxyhemoglobin,  owing  to  the  fact 
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that  in  passing  through  the  capillaries  the  blood  is  brought  inU» 
exchange    with    a    surrounding   niediuni — lymph,    ceil  liquid- tn 
which  the  oxygen  pressure  is  very  low.     A  fact  of  sul>si(il4rT  1 
importance  in  this  connection  is  shown  in  the  ounces  reprodurd  | 
in  Fig.  275.     It  will  he  noted  in  this  figure  that  the  di&sofiatifB 
of  the  oxyhemoglobin  is  faeilitated  by  an  increase  in  the  pr«6ii«l 
of  the  carbon  dioxitl.     In  the  tissues  where  the  oxyhemoglobia 
is  broken  up  there  is  always  a  certain  tension  of  cArbon  dioiid,  I 
a  pressure  which  lies  somewhere  between  40  and  80  mmf.'i^ 
mercury,  and  the  presence  of  this  gas  in  this  proportion  probiblj 
helps   the   dissociation    of   the   oxyhemoglobin   to   the  extatV 
shown  by  the  curves  in  this  figure. 

Condition  of  the  Carbon  Dioxid  in  the  Blood. — The  cooditiafl 
in  w^hich  the  carbon  dioxid  is  held  in  the  blood  is  not  entirely 
understood.     It  has  long  been  recognized  that  a  certain  smiB 
percentage  is  held  in  simple  physical  solution  in  the  plasma  «»f 
in  the  corpuscles,  and  that  a  certain  additional  amount,  mufl 
larger  than   the   preceding,  is   chemically  combined  with  tin 
alkali  cf  tlie  blood  as  a  carbonate,  most  probably  as  a  biciwbQftift  i 
(HNaCOg).    It  has  been  suggested,  in  fact,  that  the  carbon  t 
of  the  venous  blood  is  carried  chiefly  as  a  bicarbonate 
in  passing  through  the  lungs  this  compound  gives  off  i 
its  carbon  dioxid  and  is  converted  into  a  carbonate,  aceortlitj 
to  the  equation  2HNaC03- Na^CO^+COa  +  H^O.     It  is  kaonr| 
however^  that  an  aqueous  solution  of  bicarbonate  of  sod*  < 
not  give  off  carbon  dioxid    when  exposed  to  low  pressuw*'] 
the  gas  with  anything  like  the  facility  shown  by  blooi    Ctfrj 
seqnently  it  was  further  assumed  that  the  proteins  of  blocij 
acting  like  weak  acids,  tend  to  combine  with  the  alkali  andtWJ 
this  additional  factor  suffices  to  explain  the  relative  e»»  ^J 
which  the  bicarbonate  as  it  exists  in  blood  breaks  up  intocjrt^J 
dioxid  and  carbonate.     This  theory  has  not  proved  to  be  e^i^l 
pletely  satisfactory.     Other  facts  tend  to  show  thai  the  av&iWy 
alkali  of  the  bloo(l  exists  as  bicarbonate  in  the  arterial  MB\ 
in  the  venous  blood,  and,  indeed,  the  total  amount  of  Ibil 
in  the  blood  in  combination  as  carbonate  or  phosphate  i»' 
sufficient  to  account  for  the  quantity  of  carbon  dioxid  nonBiI^| 
present.     In   recent   years   an    aciditional   possiV^ility  has  1^1 
suggested  by  the  discovery   (Bohr)   that  carbon  dioxid  h^l 
a   dissociable   compound    with    hemoglobin    (p.  421)^  and  ^l 
probability  that  a  similar  compound  may  be  formed  w^itb  **j 
proteins  of  the  plasma*     Accepting  this  suggestion  it  woawj 
seem  that  the  carbon  dioxid  exists  in  the  blood  in  three  '^'''^j 
The  amounts  present  in  each  form  is  estimated  by  Lo^j 

•Loewy,  **Handbucb  d.  Biocheroie/*  1908,  IV. 
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follows:  In  each  100  c.c.  of  arterial  blood,  containing  normally 
Tolume  per  cent,  of  carbon  dioxid,  there  is 

Physically  absorbed  in  plasma  and  corpuscles 1.9  per  cent. 

Helda»sodiumbicarbonate{S;3^1««;;i«:8}..18.8   "      " 

Hddiaorgamc<«mbination{»«3J^;-;:J:|}..19.3    «      " 

hen  serum  or  plasma  is  exposed  to  a  vacuum  at  body  tem- 
rature  only  a  portion  of  the  carbon  dioxid  is  given  oflf;  to 
»tain  the  balance  it  is  necessary  to  add  acid  to  the  liquid.  This 
kter  portion,  liberated  only  by  a  stronger  acid,  is  spoken  of  as 
le  "fixed  carbon  dioxid."  If  instead  of  exposing  serum  or 
asma  to  a  vacuum  one  uses  full  blood,  that  is,  plasma  or  serum 
UB  corpuscles,  all  the  carbon  dioxid  may  be  obtained  without 
e  necessity  of  adding  acid.  This  fact  has  been  explained  on 
te  supposition  that  the  hemoglobin  under  these  conditions 
Ays  the  part  of  an  acid  in  breaking  up  the  compound  in  which 
le  carbon  dioxid  is  firmly  held.  Presumably  this  fixed  carbon 
Olid  is  the  portion  which  in  the  above  classification  is  repre- 
iited  as  bicarbonate.  Since  the  portion  that  is  held  in  organic 
^mbination  is  apparently  more  easily  dissociated,  it  seems 
rfy  that  it  furnishes  the  main  compound  which  is  physio- 
gically  useful  in  providing  a  means  for  the  transportation  of 
ifbon  dioxid  from  the  tissues,  where  it  is  formed,  to  the  lungs, 
kere  it  is  eliminated. 

The  Physical  Theory  of  Respiration.— The  physical  theory 
respiration  assmnes  that  the  gaseous  exchange  in  the  lungs  and 
the  tissues  takes  place  in  accordance  with  the  physical  laws  of 
ffuaion  of  gases.  If  a  permeable  membrane  separates  two  vol- 
nes  of  any  gas,  or  two  solutions  of  any  gas  at  different  pressures, 
te  molecules  of  the  gas  will  pass  through  the  membrane  in  both 
lections  imtil  the  pressure  is  equal  on  both  sides.  As  the  excess 
movement  is  from  the  point  .of  higher  pressure  to.  the  point  of 
«rer  pressure,  attention  is  paid  only  to  this  side  of  the  process, 
id  we  say  that  the  gas  diffuses  from  a  point  of  high  tension  to 
le  of  lower  tension.  After  equilibrium  is  established  and  the 
<B8sure  is  the  same  on  both  sides  we  must  imagine  that  the 
ffusion  is  equal  in  both  directions,  and  the  condition  is  the  same 
though  there  were  no  further  diffusion.  In  order  for  this 
B(ny  to  hold  for  the  exchange  in  the  body  it  must  be  shown  that 
)  physical  conditions  are  such  as  it  demands.  Numerous  experi- 
i&ts  have  been  made,  therefore,  to  determine  the  actual  pressure 
the  oxygen  and  carbon  dioxid  in  the  venous  blood  as  com- 
ned  with  the  pressures  of  the  same  gases  in  the  alveolar  air,  and 
I  pressures  in  the  arterial  blood  as  compared  with  those  in  the 
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tissues.  Although  the  actual  figures  ol>taiiied  have  vanni  i«c)ffi^ 
what  with  the  uiethod  used,  the  species  or  condition  of  the  ant- 
mal,  yet,  on  the  whole,  the  results  tend  to  support  the  phywcaJ 
theory. 

The  Gaseous  Exchange  in  the  Lungs.^It  h  difficult  to  deter-  ] 
mine  the  exact  con)ix)sition  of  the  alveolar  air.  The  exi»ired 
air  can,  of  course,  be  coUecttxl  and  analyzed,  but  obviously  tbi^iji 
nikture  of  tlie  air  in  the  bronchi  and  the  alveoli,  and  eonJ^eqimitly 
haia  more  oxygen  and  less  carbon  dioxid  than  the  air  in  the  alvdi. 
The  probalile  composition  of  the  alveohir  air  has  been  ralcultttedbr 
Zuntz  and  Loewy  for  normal  quiet  breathing  in  the  followinp:  way 
The  capacity  of  the  Itronchiai  tree  is  140  c.e,,  and  this  air  may^* 
considered  as  similar  in  composition  to  atmospheric  air,  that  i^,^ 
inspired  air.  A  normal  expiration  contains  500  c.c:  hence  tiie 
alveolar  air  constitutes  only  3(iO  c.e.  or  |5  t)f  the  entire  amount.  If 
the  expirt*d  air  contains  4,38  per  cent,  of  CO^,  then  the  tlv«jlar 
air  must  contain  4.36  -^  il,  or  6  per  cent,  of  carlx)n  dioxid 

Or,  to  put  the  mode  of  csdculation  in  a  more  general  form,  the  arocwrt 
of  oxwen  111  the  expired  air  is  equal  to  the  amount  of  oxyg^en  in  tlif  tni 
alveolar  jM^rtion  of  uw  expired  air  plus  the  amount  of  oxA'gen  in  the  *<M 
space/'  namely,  tlie  trachea  and  bronchi,  I^t  A  e<:|ual  the  volume  of  ctpiP«d 
air»  e  the  percentage  of  oxygen  in  the  expired  air,  a  the  volume  of  sirtiit^ 
dead  space,  and  i  tlie  pereentnge  of  oxygt^n  in  this  air  or  what  is  llie  ■r' 
tiling  in  the  inspired  air.  Accorcliug  to  the  above  statement  we  have  tbtfi 
lowinjB^  equation,  Ae  =  at  -f  (A  -  a)  ,T,  in  which  x  representa  the  imlciB^l 

percentage  of  oxygen  in  the  alveolar   air.     We  havev  therefore,  j— "j^^-i 

In  ordinary  breathing  these  values  are  as  follows:  A  ---  500  v  f  '40  rx,! 

e  —  iiUVI  per  cent.,  and  i  —  20:9i>  per  cent.    Substituting  the-  ^b 

found  ernial  to  14.1  per  cent.  Reckoned  in  niilliraeters  of  m*  r 
be  equal  t«  {7&1  X  0.141)  107 /J  mra.  In  order,  however.  u>  ascei 
trui*  pressure  exerted  by  the  oxygen  allowance  muKt  be  made  for  the  L_^_ 
metric  pressure  and  for  the  tension  of  the  aqueous  vapor.  In  the  deptbaj 
the  hmcs  the  air  is  saturated  with  water  vapor  and  the  tension  of  tlafc  \ 
at  the  body  temperature  may  l>e  valued  at  46.<i  mnu»,  Hg.  U  «e  M] 
further  that  the  observation  was  made  at  a  barometric  pressure  of  750  mass  J 
then  the  pressure  of  the  oxygen  in  the  alveoh  would  t>e  (750— 46.6X0.Uul 
99+  mms.  Bg. 

Actual  observations  made  by  these  authors  upon  humao  hoop] 
in  whom  the  expired  air  was  analyzeil  indicate  that  the  conipoatoij 
of  the  alveolar  air  may  var^^  between  the  following  limits:  OxTg^l 
between  11  and  17  per  cent,  of  an  atmosphere;  carbon  dioridb^j 
tween  3J  ant!  5.5  per  cent,  of  an  atmosphere.  Haldai^  vi 
Priestley  have  tlevised  a  simple  method  by  means  of  whJdi  tk  ; 
last  portions  of  the  air  lireathed  out  in  an  expiration  may  liecd^J 
lected.  The  sample  thus  collected  represents  practically 
alveolar  air,  and  its  average  composition  may  be  given  a.**  ox}% 
14.5  per  cent.;  carbon  rlioxid,  5.5  per  cent.;  and  nitrojirea.  J'Wp^^ 
cent, 

Loewy  and  von  Schrotter  have  determined  also  the  avera^^ 
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of  these  gases  in  the  blood  of  man.  Their  method*  consisted 
ocking  o£f  one  lung  or  one  lobe  of  a  lung  by  a  metal  catheter 
led  through  the  trachea.  After  the  lapse  of  half  an  hour  or 
16  gases  in  this  occluded  portion  had  reached  an  equilibrium 
aterchange  with  the  venous  blood  which  lepresented  the  tension 
ally  existing  in  the  circulating  venous  blood.  A  portion  of  this 
was  then  withdrawn  by  means  of  a  suitable  device  and  was 
yzed.  Their  average  result  was  that  in  the  venous  blood  the 
^n  exists  imder  a  tension  of  5.3  per  cent,  of  an  atmosphere 
X  .053  —  37.6  mms.  Hg),  and  the  CO2  under  a  tension  of  6 
cent.  (42.6  mms.  Hg).  The  physical  relations  of  pressure 
reen  the  alveolar  air  and  the  gases  in  the  venous  blood  may  be 
esented  as  follows : 

OxTOBN.  Carbon  Dioxid. 

Alveolar  jut 100  mms.  35  to  40  mms. 

Membrane j ^ 

t  I 

Venous  blood  . . .        37.6  mms.  42.6  mms. 

Diffusion  must  take  place,  therefore,  in  the  direction  indicated 
he  arrows.  As  the  oxygen  passes  through  into  the  blood  it  is 
bined  with  the  hemoglobin  and  it  is  estimated  that  the  arterial 
d  as  it  flows  away  from  the  limgs  is  nearly  saturated  with 
^yiacking  perhaps  only  1  volume  per  cent,  of  being  completely 
rated  (Pfluger).  That  is,  if  the  norxnal  arterial  blood  contains 
.c.  of  oxygen  for  each  100  c.c.  of  blood,  it  is  probable  that  one 
9  cubic  centimeter  might  be  combined  by  the  hemoglobin  if 
ned  fully  to  the  air  or  oxygen.  The  difference  in  tension 
reen  the  carbon  dioxid  on  the  two  sides  of  the  membrane  is  not 
reat  as  in  the  case  of  the  oxygen,  but  owing  to  the  more  rapid 
ision  of  this  gas  it  is  probable  that  this  difference  suffices  to 
ain  the  exchange.  In  this  matter  one  must  bear  in  mind  also 
^ery  large  expanse  of  surface  offered  by  the  lungs  and  the  very 
plete  subdivision  of  the  mass  of  blood  in  the  capillaries.  Thus, 
wing  a  calculation  made  by  Zuntz,  the  surface  of  the  human 
8  may  be  estimated  at  90  sq.ms.  or  900,000  sq.cms.  If  we 
me  that  300  c.c.  of  carbon  dioxid  (500  X  0.04  X  15)  are  given 
'Pom  the  blood  in  a  minute  this  would  indicate  a  diffusion 
ugh  each  square  centimeter  of  only  0.0003  c.c.  (Timftnr). 

Ills  same  idea  is  expanded  bv  Loewy  as  follows:  The  surface  of  the 
!  exposed  to  the  air  may  be  reckoned  at  90  sauare  meters,  and  the  thick- 
)f  membrane  intervening  between  this  air  and  the  blood  in  the  capillaries 
be  estimated  at  0.004  of  a  millimeter.  Under  these  conditions  as  much 
S3  c.c.  of  oxygen  might  diffuse  into  the  blood  in  a  minute.  As  a  matter 
t  only  about  250  to  300  c.c.  of  oxygen  are  really  absorbed  f)er  minute  in 
breathing,  and  not  more  than  ten  times  this  amount  in  the  violent 

Loewy  and  von  Schr6tter,  "  Zeitsclirift  fur  experimenteUe  Pathologic 
Tierapie,"  1,  197,  1905.  See  also  Loevi-y,  "Handbuch  der  Biochemie," 
908. 
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respiration  following  excesaive  muscular  exerciac.  It  would  seem,  thefd(f%  I 
that  dlfTuBior)  eliould  fiuffioe  to  eupoly  the  oxygen  actu&Uy  neeoed  IWl 
reaBoning  applies  a  jortton  \xy  the  cartwn  dioxide  since  the  veu>city  of  diffuM  I 
of  thii?  pxB  through  a  moist  membrane  ia  much  (25  times)  greattr.  U  t^  1 
tension  of  the  COj  in  the  blood  were  only  0.03  mm,  hk;her  than  timt  is  lit  I 
alveoli,  the  known  exchange  might  be  explained  by  dimLsion. 

Exchange  of  Gases  In  the  Tissues. — The  arterial  Hood  pissBi 
to  the  tissues  nearly  saturated  with  oxygen  so  far  as  the  hemo- 
globin is  concerned,  and  this  oxygen  is  held  under  a  tensia 
equivalent  probably  to  at  least   100  mms.    Hg,     The  cjtfbai 
dioxid  is  less  in  quantity  than  on  entering  the  lungs  and  exi* 
under  a  smaller  pressure,  which  may  be  assumed  to  be  thesia 
as  that  of  the  carbon  dioxid  in  the  alveoli  of  the  lungs — narndft 
5  per  cent,  of  an  atmosphere  (35  mms.)-     In  the  systemic  M|iil' 
laries  the  blood  comes  into  diffusion  relations  with  the 
and  direct  examination  of  the  latter  shows  that  the  oxygen  i 
them  exists  under  a  very  small  pressure^  practically  lero  ; 
Bure,  while  the  COj  is  present  under  a  tension  (Strassbur|L)  < 
7  to  9  per  cent.     The  high  tension  of  the  COj  is  explamed  ^\ 
the  fact  that  it  is  being  formed  in  the  tissues  constantly  i>i 
result  of  their  metabolism,  while  the  low  tension  of  the  ojni5*_ 
is  due  to  the  fact  that  on  entering  the  tissue  this  subst&Dcei 
combined  in  some  way  in  a  chemical  compound  too  finn  i 
dissociate.     The    physical    conditions   are,    therefore,  mtl 
would  cause  a  stream  of  COj  from  tissue  to  blood  aod  a  «trtta| 
of  oxygen  in  the  reverse  direction. 

OXTOEM.  GaKBOK   DiOZDk 

Arterial  blood 100  mnw.  35  mms. 

Wall  of  capillar>^ \ Jz 

T 
Tiasues 0  mm.  50  to  70  xnm^ 

It  is  to  be  remembered  that  in  this  exchange  the  blood ; 
the  lymph  act  as  intermediaries.     The  COj  diffuses  from  lyo|*J 
to  plasma  and  from  tissues  to  lymph.     The  oxygen  diffu 
lymph  to  tissues,  from  plasma  to  lymph,  and  from  ox 
globin  to   plasma.     Bohr*   has  found  experimentally  tk 
blood,  when  the  oxygen  tension  is  low,  an  increase  in  th«< 
pressure    tends    to    dissociate    the    oxyhemoglobin   (Fig.  2!^ 
Since  these  conditions  prevail  in  the  capillaries  of  the  i 
is  probable  that  the  mere   presence  of  the  CO,  in  infl 
amounts  facilitates  the  liberation  of  the  oxygen. 

Suggested    Secretory   Activity  in  the    Respiratory  Eicha 

view  that  the  exchanp^e  of  ga^e?^  in  the  hitijy^  and  tissmes  is  entirely  ' 

by  the  diiTusion  of  the  ga^  from  |K)inta  of  high  tension  to  poiote  o^  i^"  '^  j 

•  Skaiidinavischcs  Archiv  f.  Physiologic/'  16,  402.  lS96i 
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1,  and  that  the  membranes  interposed  are  entirely  passive  in  the  process 
I  not  passed  unchallenged.  Certain  observers  (Bohr,  Haldane  and  Smith)* 
im  that  the  tension  of  the  oxygen  in  the  arterial  blood  may  be  higher  than 
J  pressure  of  oxygen  in  the  alveolar  air.  Bohr,  moreover,  in  a  series  of 
poiments  made  upon  does  f  determined  by  calculation  the  tension  of  oxygen 
thin  the  surface  layer  of  the  lungs.  This  tension  was  found  to  vary  from 
to  105  nuns.  The  tension  of  the  arterial  blood,  determined  at  the  same 
Be,  varied  from  101  to  144  mms.,  being  in  every  case  distinctly  higher  than 
9  tension  of  the  oxygen  in  the  surface  laver  of  the  lungs.  If  these  facts 
fe  full^  demonstrated  they  would  show  that  the  phvsical  theory  outlined 
ove  is  msufficient,  and  would  indicate  that  the  membranes  concerned  take 
aetive  part  in  the  passage  of  the  gases,  exerting  possibly  a  secretory  activity. 
At  the  cells  of  these  membranes  might  secrete  tue  gases  is  not  at  all  impos- 
le,  but  at  present  it  seems  to  be  unnecessary  to  make  such  a  supposition, 
e  results  obtained  by  the  observers  mentioned  in  tliis  paragraph  have  not 
a  corroborated  by  the  numerous  other  observers  who  nave  worked  in  the 
Be  field,  and  it  seems  possible  that  they  may  be  due  to  experimental  errors. 
weQ-known  set  of  experiments  that  strengthen  this  conclusion  has  been 
wrted  by  Wolffberg  and  by  Nussbaumt  and  has  since  been  repeated  upon 
IL  In  these  experiments  one  bronchus  in  a  dog  was  completely  blocked 
a  specially  designed  lung  catheter,  so  arranged  as  to  occlude  the  bronchus 
i  yet  allow  the  observer  to  draw  off  a  specimen  of  the  air  at  any  time.  In 
ihan  occluded  lung  the  captured  air  is  in  diffusion  relations  with  the  venous 
od  of  the  pulmonary  artery,  and  if  these  relations  are  maintained  for  a 
Bcient  time  an  equilibrium  should  be  established  en  the  physical  theory, 
>  tension  of  the  gases  in  the  occluded  lungs  becoming  the  £ame  as  in  the 
KMis  blood.  Such  was  found  to  be  the  case.  When  at  the  end  of  the 
leriment  air  was  drawn  off  and  analvzed  it  was  found  to  contain  3.6  per 
t  A  GO,,  while  the  tension  of  the  UO,  in  specimens  of  the  venous  blood 
en  from  the  right  heart  was  practically  identical.  If  there  is  an  active 
^ion  of  CO)  from  the  lungs  one  should  have  expected  to  obtain  a  higher 
rioo  in  the  carbon  dioxid  of  the  alveolar  air  than  in  the  venous  blood. 

•See  Haldane  and  Smith.  "  Journal  of  Physiology,"  20,  497,  1896. 

t  Bohr,  in  Nagel's  "  Handbuch  der  Physiologic  des  Menschen,"  1897,  vol. 

at  1,  p.  146. 

t  "Archiv  f.  die  gesammte  Physiologic,"  4,  465,  1871,  and  7,  296,  1873. 
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CHAPTER  XXXVII. 
INNERVATION  OF  THE  RESPIRATORY  HOVEHEHTS. 

The  nervous  supply  to  the  respiratoty  muscles  is  received  fm 
a  number   of  nerves,   the  nervous  niarhiner\'  being  widely  di^ 
tributed  in  the  brain  and  cord.     The  most  inijx>rtant  of  the  mouir 
ner%'es  of  respiration  is  the  phrenic,  which  supplies  the  diaphnp 
and  originates  from  the  fourth  and  fifth   cervical  spinal  iicrm  i 
The  N.  accessorius  and  branches  of  the  cervical  and  brafHiill 
plexus  innervate  the  muscles  of  the  neck  and  shoulder  which irt'j 
concerned  in  inspiration;  the  intercostals  inner\*at-e  the  nmscksrfl 
the  thorax  and  abdomen,  wliile  branches  of  the  lumbar  pleacusiflvl 
fibers  to  the  muscles  of  the  groin.     Moreover,  the  facial  fnA 
motor  branches  to  the  muscles  of  the  nose  antl  the  vagus  5up[to 
the  muscles  of  the  larynx.    All  of  these  must^les  belong  to th 
skeletal   group  and  are  under  voluntar>^  control.     Under  nuraJ 
conditions,    however,    this    entire    respirator}'    apparatus  fo* 
rhythmicall>'  without  voluntar>^  control,  in  alternate  insjiwtKtfJ 
and  expirations,  all  the  inspiratory^  muscles  contracting  tcigettaij 
and  all  the  expiraton'  muscles  together  in  their  turn  when  I 
expirations  are  active.     The  eo-orthnated  activity  of  such  an  < 
tensive  mechanism  is  explained  by  the  existence  of  a  rfSpWtf  J 
center  in  the  medulla  ol)longata. 

The  Respiratory  Center,— The  discovery  of  the  location  of » 
respimtor}^  center  was  due  mainly  to  the  experiments  of  two  Yk 
physiologists,    Legallois    and    Flourens.     The    latter    placed 
center  in  the  medulla  at  the  level  of  the  calamus  seriptorius,  < 
described  it  as  a  yery  small  area  or  spot,  which  he  d^ig:iiatalatf 
as  the  vital  knot  (nmid  mlal)  under  the  mistaken  imprearioo  t 
it  formed,  as  it  were,  a  central  or  focal  point  of  the  motor  s>t 
It   has   since   been   shown   that   tins  center,  like   the 
center,  is  bilateral.     If  the  medulla  is  cut  through  in  the  t 
line  the  respirations  may  proceed  in  a  normal  manner.    The  r 
consists  of  two  parts,  each  connected  primarily  with  the  mu 
ture  of  its  own  side.     Each  half  occupies  an  area  tiiat  ties  i 
distance  lateral  to  the  mid-line  and  beneath  the  floor  of  the  i 
at  tiie  general  level  of  the  calamus.     According  to  Gierke,'  tbej 
extends  in  rabliits  from  a  j>oint  3  or  4  mms.  in  front  of.  toi 
2  or  3  nmis.  posterior  to  the  calamus.     No  especial  group  ( 
can  be  found  in  this  region  sufficiently  separated  anatoruicjD?'^ 
make  it  pnjbable  that  they  constitute  the  center  in  question.  1^1 

*  Gierke,  "  Archiv  f.  die  gesammte  Physmlogie/*  7,  583,  1873;  i^nd  "** 
tralblatt  f.  d.  med.  Wisfet'nat-haften,"  No.  34,  1885. 
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ion  has  been  delimited  by  vivisection  experiments  only,  and, 
ording  to  Gierke,  corresponds  in  location  to  the  position  of  the 
itary  bundle  (tractus  solitarius).  According  to  Mislawsky,* 
ies  near  the  mid-line  in  the  formatio  reticularis,  while  Gadf  gives 
a  relatively  large  area  in  the  lateral  portion  of  the  formatio 
icularis,  the  continuation  into  the  medulla  of  the  lateral  hom  of 
I  gray  matter  of  the  cord.  Destruction  of  these  areas  or  section 
the  cord  anywhere  between  this  region  and  the  origin  of  the 
tenic  nerve  cuts  off  the  respiratory  movements,  except  those  of 
I  nose  and  larynx,  and  causes  death.  The  rapid  death  from 
uries  to  the  cord  or  medulla  in  this  region — ^from  hanging,  for 
tance — is  explained  by  the  effect  upon  the  respiratory  center 
its  coimections. 

There  is  no  doubt  that  the  respiratory  center  in  man  occupies  the  same 
Bnl  position  as  in  the  other  mammals.  There  is  on  record  a  caset  in 
eh  sections  were  made  of  the  medulla  in  a  new-bom  infant.  On  delivery 
tB  necessary  to  pimctnre  the  cranium  and  remove  the  brain.  The  child 
lived  and  the  medulla  was  cut  across  with  scissors.  A  section  at  the 
ierior  end  of  the  calamus  stopped  the  respirations  immediately,  while 
somewhat  anterior  had  failed  to  have  this  effect. 

The  general  idea  of  the  coimections  of  this  center  with  the  respir- 
!y  muscles  may  be  described  as  follows:  The  respiratory  fibers 
ing  in  the  center  pass  down  the  cord,  probably  in  the  antero- 
ral  columns,  and  end  in  the  gray  matter  of  the  cord  at  the 
aent  levels  at  which  the  motor  nuclei  of  the  respiratory  nerves 
situated.  It  is  probable  that  these  descending  fibers  decus- 
}  in  part,  so  that  each  half  of  the  respiratory  center  is  con- 
ted  with  the  musculature  of  both  sides  of  the  chest  and 
diaphragm.     A  connection  of  this  kind  is  indicated  by  the 

that  section  of  one-half  of  the  medulla  at  the  lower  end 
ihe  fourth  ventricle  is  followed  not  by  a  paralysis,  but  only 
i  weakening  of  the  action  of  the  respiratory  muscles  on  that 
.     Whether  the  connection  between  the  respiratory  center 

the  spinal  motor  nuclei  is  made  by  one  or  by  a  series  of 
rons  is  not  known,  but  we  may  assert  that  the  nerve  path 
1  the  respiratory  center  to  the  respiratory  muscles  must  be 
posed  of  at  least  two  neurons.  According  to  this  conception, 
impulses  of  inspiration  and  expiration  for  the  entire  respira- 

mechanism  originate  in  the  medullary  center  and  are 
ice  distributed  in  a  co-ordinated  way  to  the  lower  motor 
ers  in  the  cord,  or,  in  the  case  of  the  nose  and  larynx,  to  the 
Dr  centers  of  the  vagus  and  facial. 

Spinal  Respiratory  Centers.  —  At  different  times  various  authors 
nm-S^uard,  Langendorff,  et  al.)  have  insisted  that  there  exist  one  or 

"  Mislawsky,  Centralblatt  f.  die  med.  Wissenschaften,"  No.  27,  1885. 

t  Gad,  "  Archiv  f.  Physiologic,"  1893,  p.  75. 

t  See  Kehrer,  "Monatshefte  f.  prakt.  Dermatol,"  28,  450,  1892. 


676 


PHYSIOLOGY    OF  RESPIRATION* 


more  spinal  reflpiratory  wntt^rs.  and  tfiat  the  medullary  center 
comnmnding  importance  indicaied  in  the  above  description*  Thef» 
wlien  tlie  medulla  cir  cfTYical  rord  Ijelow  the  medulla  i?  cut,  tl»eM 
once  ceases  to  breatiie  is  expla^inetl  by  these  authors  on  the  assumpti 
the  operation  causes  a  prolonjifed  uihibition  of  the  underlying  spmal 
They  state  that  young  animals,  es|>ecbdly  if  made  hy|)enrniable  b]l 
jeclion  of  Ktrychnin,  nmy  continue  to  breathe  after  ^eition  of  the  cof 
the  metlulla*  This  point  of  view,  ho\^'ever,  ha^  not  prevailed  in  uhj 
Other  o[]»erations  on  tlie  cord  or  brain  are  not  attended  by  ^utn  J 
inhibition,  and  indeed  Porter  and  Muljl]>erg  have  shown*  tliat,  if  lia 
cord  alone  i.s  tut,  the  movements  of  the  diaphragm  on  that  side  are  pcni 
paralyzed.  It  is  entirely  conceivable  that  mider  exceptional  ro 
the  lower  neurons,  tlie  direct  motor  centers  of  the  respiratory  mu2M.*le 
be  made  to  act  rliythmic^jillyt  ^incc  during  life  they  have  m*on  rhytlmuoi 
ulated  from  the  methillarv  center;  but  tlie  evidence  at  present  is  lit 
agatniit  any  distinct  phyj^iological  indef>endence  on  the  part  of  thowi 

The  Automatic  Activity  of  the  Respiratory  Centei 

constant  activity  of  the  respiraton"^  center  throughout  life  s 
the  question  as  to  its  aiitomaticity.  Is  it  automatic  like  tk 
That  is,  are  the  stiniuli  dis^charged  from  it  produced  withm 
cells  as  a  result  of  its  o^vti  metabolisni  under  the  normal  coe 
of  circulation?  Or,  on  the  other  hand,  is  it,  like  most  of  thl 
nuclei  of  the  central  nervous  system,  only  a  reflex  center,  itj 
discharges  being  de|:>endent  upon  impulses  received  fron 
neurons  by  way  of  the  sensor>'  paths?  Obviousl}^  the  only 
answer  such  a  question  tUrectly  is  to  isolate  the  center  b 
afferent  paths  and  leave  it  connected  i^ith  the  respiratory  J 
only  by  motor  nerves.  If  under  such  conditions  the  reep 
rhythm  continues  the  center  may  be  regardetl  as  essentiall; 
matic,  however  susceptible  it  may  be  to  reflex  influences. 
approximation  at  least  has  Iieen  made  to  such  an  expe 
BLosenthal  finds  that  rhythmical  respiratory^  movements  oi 
after  the  following  operations:  first,  section  of  the  brain  at  t 
pora  quadrigemina  to  cut  off  influences  from  the  cerebrunij 
mus,  and  midbrain;  second,  section  of  the  vagi,  to  shut  off  i 
impulses  from  the  \Hgcera,  esi>ecially  from  the  lungs;  third, 
of  the  cord  at  the  seventh  cervical  vertebra  to  exclude  i 
influences  through  all  the  underlying  i>osterior  root«;  and, 
section  of  the  posterior  roots  of  the  cervical  spinal  nervea 
medulla  with  its  respiratory  center  was  thus  isolated  fr 
afferent  impulses  except  such  as  might  enter  through  tb 
seveothi  eighth,  and  ninth  cranial  nerves.  Since  under  tha 
ditions  the  center  continued  to  act  rhythmically  wt  maj 
the  probable  conclusion  that  it  is  essentially  automatic,  ao 
it  probably  possesses  an  intrinsic  rhythmical  activity  rem 
that  of  the  heart.  An  interesting  supplementary*  expti 
upon    tliis   point   is    reported    liy    Winterstein.f     The 

♦  ''American  Journal  of  Phvsiolotfjs"  4,  ^3-1,  1900, 
t  Winterstein,    -pfliigcr's  Areliiv;'  138,  159,  1911. 
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f  of  the  roi^piratory  centrr  has  hern  rt'fcrred  by  some  authors 
%  stiomlation  of  the  center  hy  sensory  impulses  arising  in 
pirator>'  nmscles  themselves.  Tm  exchide  this  ]>ossibihty 
Itrin  curarized  an  animal  to  immobilize  the  respiratory 
k  and  then  divided  the  phrenic  nerv^e  and  eonnected  it*^ 

stump  with  a  galvanomet-er.  lender  these  conditions  the 
Hiieter  reeorded  rhytlimie  action   currents,  which  demon- 

that  the  respiratory  center  w^as  sending  out  rhythmic 
ges  of  ner\"e  impulses. 

fer  Stimulation  of  the  Center,-  According  to  the  result,s 
erous  observers,  stimulation  of  any  of  the  sensor>'  nerves 
lody  may  alTect  the  rate  or  the  amplitufle  of  the  respiratory 
fents.  This  ex])en mental  result  is  confirmed  by  our  own 
nee,  since  every  one  must  have  noticed  that  the  respiratory 
tents  are  readily  affected  by  strong  stimulation  of  the  cutane- 
¥es — a  dash  of  cold  water, 
mple — as  well  as  through 
vea  of  sight  and  hearing, 
idon,  emotional  states  are 
ie  accomimnied  by  notice- 
miges  in  the  I'espi rations, 
rresponthng  to  this  fact 
lent  shows  that  stimula- 
Jertain  portions  of  the  cor- 
l  midbrain  gives  distinct 
tiix>n  the  respirator}"  cen- 
[e  must  assume,  there ft>re, 
i  center  is  in  comicction 
*e  senson-  fibers  of  j>cr- 

of  the  cranial  and  spinid 
and  is  influenced  also  by 
itml  paths  passing  from 
m  to  medulla,  paths  which 
rent  as  regards  the  cere* 
ait  afferent  aa  regards  the 
•  As  stated  above,  the 
tf  these  sensory  nen^es 
fe  activity  of  the  respiratory  center  is  varied;  the  rate  may 
ged  together  with  an  increased  or  decreasetl  amplitude,  the 
bns  and  expirations  may  eaeli  be  increased,  or  one  phase 

affected  more  markedly  than  the  other.  In  general,  how* 
penmen tal  stimulation  of  a  serison-  nerve  trunk  which  con- 
taneous  fibers  gives  one  of  two  effects:  either  a  stimulating 
nanifested  by  quicker,  stronger  inspirations  and  active  ex- 
§,  or  an  inhibitorj^  effect,  in  which  the  respirations  cease 


Fig.  276.— To  show  the  nuffmenta- 
titJii  of  the  npMpimtoO'  Tnovementa  cau^d 
by  btiriiLulalkin  of  the  scintic  nerve.  Ex* 
fjerinient  uimmi  a  rythbit. 
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altogether  or  heeonie  slower  and  more  feeble  (Fig:?.  276  and  *ni< 
If  in  this,  iis  in  other  similar  cases,  we  assume  that  the  twooppo 
site  effects  are  proflueed  by  different  nervT  fibers  we  nmy  sp» 
sensory  fibers  which  have  a  siiiBulating  or  augmenting  eBect,t 
of  those  that  have  an  inhibiting  infiuenee  on  the  center,  or  mm 
the  terminology  used  in  the  case  of  the  vasomotor  center,  we  i 
speak  of  respiratory  pressor  and  respirator)'  depressor  fibers. 
quite  probable  that  these  fibers  have  other  functions, — that  la, 
are  not  distributed  exclusively  to  the  respirator^'  center.    A 
neous  fiber »  which  through  its  central  chain  of  neurons  extent! 
ends  in  the  cortex  cerebri  and  gives  us  a  sensation  of  paix^ 


^us-  S^ft*14 


Va^.ul'WfiuK 


FIk-  277.— To  sliow  the  inkibirioti  nf  the  rpgiirafory  mov-emezits  in  a  < 
itiTnulation  of  the  central  end  nf  the  vagu*i.  The  reapinitory  tncwemMB^ 
before  and  aft«r  atirnulation,  were  forced,  owing  to  the  (net  that  botbv^Si 

by  collateral  connections  affect  also  the  medullary  eenu 
duce  effects  u|>nn  the  heart,  IiI^h id-vessels,  and  resptratji 

The  Special  Relations  of  the  Afferent  Fibers  of 
to  the  Center,— 'Although  the  sensor\-  nerves  in  genei 
reflex  effect  upon  the  respiratory^  center*  experimental 
shown  that  the  sensor}^  fibers  distributed  along  the 
passages  from  the  anterior  nares  to  the  alveoli  have  a 
important  relation  to  this  center.  This  fact  is  most  cl 
in  the  ctise  of  the  sens^^ry  fillers  of  the  vagus,  wliich  are  _ 
to  the  lungs  themselves.  If  the  two  vagi  are  cut  in  the  neck 
respinitor>'  movements  are  at  once  altered  in  character;  L 
show  a  much  slower  rhythm  and  gre-at^r  amplitude  (Tig.  S7 
The  inspirations  especially  are  deeper  and  longer,  with  so] 
of  a  pause  at  the  end.  When  only  one  vagus  is  cut  an  intertoM 
effect  miiy  be  obtained,  the  respiratory  movements  may  be 
somewhat  and  slightly  deepened:  luit  the  striking  effect  is  ol 
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oaly  after  section  of  both  nerves.    This  result  is  not  a  temporary 
OMtlue  to  the  stimuhition  of  eiitting,  hut  is  pennanent,  anrl  there- 
fore we  may  conclude  that  some  influence  has  been  cut  off  which 
nomially  kt^ps  the  re^pirator\^  movements  at  a  more  rapid  rate. 
Experiment  has  shown  that  this  influence  consists  in  the  tonic 
action  of  sensory  fibers  contained  in  the  vagus  and  distributed 
to  tlie  lungs.     It  is  the  constant  effect  of  these  fibers  on  tlie  respira- 
tor}' center  which  maintains  the  normal  rh>i:.hm;    when  they  are 
severed  the  center  drops  into  a  slower,  unregulated  rhythm.     Ex- 
periment has  sho^Ti,  al80,  that  when  the  central  stump  of  the 
A'vided  vagus  is  stimulated  artificially  the  respiratorv^  center  is 
a/^w'tefi,  as  indicateti  l>y  the  respiratory  movements,  in  a  ^'ariety 
.  which  depend  upon  the  strength  of  the  stininlus  and  the 
.  .  n  of  the  center.     The  two  results  which  are  most  constantly 
btaincd  and  which  may  therefore  be  esj^ecially  emphasized  are  as 
Jlows:  first,  with  weak  stinmli  the  inspiratory  movements  are  in- 
cited partially  or  completely,  giving  either  smaller  movements  or, 
a  condition  of  narcosis,  complete  ce.ssfitit)n  of  respirations,  with 


Fi*.  278. — To  rtiirjw  the  pflfe^pt  of  aeetion  of  th«  vngi  on  the  respiratory  movemeaia 
bbit).  The  right  vaKU»  wa«  cut  at  x  and  rati-sed  a  tiliRht  aujpticrttattoti  atuj  slowinff 
ihe  movem^tils.  The  left  vm,^iis  w&s  C!UI  at  xx  Kiid  eauwd  firnt  a  short  itihibiUon  (due 
mechanical  citimulation^  which  was  then  followed  by  the  typii^  «Jow  utid  deep  reapi- 
ismm  aeeo  under  these  eonditimiN. — (Dawtton.) 


le  thorax  in  tlie  stage  of  pa&sive  expiration  (Fiie;.  277),  or»  second, 
\t  rate  of  the  inspirator^'  movements  may  lie  increased  and  this 
tay  end  finally  in  an  inspirator}^  standstilh— that  is,  the  respiratory 
ovements  cease  with  the  chest  in  an  inspiratonr^  position  (Fig.  279), 
« inspiratory  muscles  being  in  a  condition  of  tetanic  contraction, 
hen  lx>th  the  insp:>irator}'  and  expiratory  nniscles  are  considered, 
e  variet}'  of  effects  that  may  he  obtained  from  stimulation  of  the 
Went  fibers  of  the  vagua  is  perplexing,  especially  with  strong 
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stimuli,  and  has  led  to  much  difference  of  opinion  amonft  xo^^ 
gators.*     The  two  main  effet'ts  described  above  are  usiialU  inter* 
preted  to  mean  that  the  va^iis  contains  two  kinds  of  sen^iiy  fiii^ 
which  are  distributed  to  the  lungs  and  act  normally  on  the  rcspiiv 
toiy  center.    These  are:    (I)  The  inspiratory^  fibers,  whoec 
is  to  increase  the  rate  of  inspiratory  discharge  from  the  respiralo 
center;   therefore  to  quicken   the  rate.     (II)  The  expiratory 
inspiratory  inhibiting)  filier-s,  whose  effect  is  to  inhibit  the  i 
toiy   discharges,  partially  or  completely.     Some  authors  findl 
simpler  to  n^ssume  only  one  kind  of  sensory  fi^>e^  and  to  explainlj 
different  results  bv  a  difference  in  the  nature  of  the  stimuli 


Fig.  279.^To  illuHtraie  the  inspiratory  eflferit  from  stimulation  of  tbe  emi 
the  va^us.      The  dowiii«itn>ke  r^pr^^^nti:^  inepirttt^i<^n;    the  upstroke,  expijfttiMI^ 
the  penod  of  stirnulRtinn  the  reapimiions  am  inereaaed  in  freqiieocjy  aod  tbm 
IB  a  CDDditiou  of  iuspimtion. — (Lrwdndoitakj/.} 


omtMgfm 


in  t!ie  condition  of  the  center;  but  it  seems  advisable  at  pff!«i' 
in  accordance  with  the  doctrine  of  specific  nerve  energies,  tokn'^ 
to   the  view  of  two  varieties. 

Influence  of  the  Inspiratory  and  the  Inhibitory  Fibeit  ^ 
the  Vagus  on  the  Nonnal  Respirations.— It  is  aasume-l  tlut 
these  two  sets  of  fiiiers  are  in  constant  activity  and  keep  tlx*  ^ 
spiratorv^  rate  more  rapid  than  it  would  l>e  otherwise,  Henff  ti* 
slowing  and  deepening  of  the  respirations  when  the  vagi  an?  cvi 
The  w^ay  in  which  these  sensor\'  fillers  are  stimulate  normally  ^ 
referred  by  Hering  and  Breuer  to  the  alternate  oxpan^oo  oi 
collapse  of  the  hmgs.  Each  insjii ration  stimuiates  the  inhibiloH' 
fibers  in  consequence  of  the  expansion  of  the  lungs,  and  ihm  fut» 
short  the  inspiration,  prematurely,  as  it  were.  80  at  each  ex^ 
tion  the  collapse  of  the  hmgs  stimulates  the  inspiratory  filierf  «al 
brings  on  an  inspiration  sooner  than  would  otherwise  oocur,  ^ 
this  way  the  respirator}^  rate  is  kept  automatically  at  an  ««<•• 
erated  rhythm*  This  hypothesis  has  been  much  dW 
and  many  efforts  have  been  made  to  prove  or  disprove 
means  of  experiments.     The  result  of  this  work  on  thi*  «••  - 

*  For  flisciiKRion  and  literature,  see  Meltxer,  "Archiv  f,  Ph™iloc*r* 
1RP2,  p.  340;  also  "Ni-w  York  Medical  Journal/'  January  18,  1890.  i**^ 
dowsky,  '*  Arehiv  f,  Phyeiolog^ie, "  1896,  pp.  195  and  483. 
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sends  to  show  that  the  hji^othesis  is  e.s.sentially  correct-  Two 
dnds  of  afiferent  fibers  exist  in  the  vugus,  one  of  which  is  stimu- 
Ated  by  expansion  of  the  lungs»  the  other  by  collapse.  This 
lacl  is  sho\vn  most  clearly  by  Einth oven's*  experiments  with 
ais  string-galvanometer.  When  tlie  \'agu8  nerve  is  cut  high  in 
the  neck  and  is  then  connected  in  the  usual  way  with  the  string- 
jaJvanometer,  the  latter  shows  a  marked  action  current  through- 
out each  inspiration,  indicating,  therefore^  the  passage  of  a  series 
3f  nen^e  impulses  riuring  inspiration  (Fig.  280).  When  by  suction 
the  lungs  were  collapsed,  another  electrical  variation  of  a  lUfTerent 
character  was  produced,  indicating  the  existence  of  a  separate 
Jet  of  fibers  brought  into  action  by  the  dindnution  in  volume  of 
ite  lung^.  In  quiet  respirations  the  expiration  consists  in 
iierely  a  passive  return  to  what  may  be  called  the  neutral  or 
lurmal  volume  of  the  lungs,  and  in  this  movement  it  is  proliable 
tat  the  inspiratory  fibers  are  not  affected,  being  stinmlated 
'idy  by  an  active  expiration.  We  may  assnmej  therefore, 
rith  Gad  that  the  normal  rate  of  respirations  is  maintained 


Fijr.  280, — To  j^haw  thr  eirctrieiij  ehanKoa  in  th«  dUEferenl  fibers  of  the  vagii0  nerve 
Uied  oy  the  re*pi ratiouff  and  the  ht-art  beat*:  )r\  The  elect  rm'aifi>grani,  the  large  wav« 
f  «le*triail  osdllaUons  synchronous  with  ttie  respiratory  jnovemenis.  The  smialler  oiiea 
'  eiectricaJ  changes  i*ynchronou?i  with  1!j«  heart  beat^;  F*  Mi*ch»nit-*i  record  of  the 
"pirBtory  ntoveraentJi,  OAOent  of  curve.  inHpimtioa;  C,  Mechanical  record  oC  puLse  beats. 
fom  Binihoven.) 

^  the  action  of  the  inhibitory  fibers  alone.  Each  inspiration 
cut  short  by  the  mechanical  stimulation  of  these  fibers,  but 
i  the  collapse  of  the  lungs  the  new  inspiration  is  due  to  a 
►rmal  discharge  from  the  inspiratory  center. 

Loewyt  has  shown  by  an  ingenioas  experiment  that  the  expansion  of 
!  lungs  IS  the  factor  that  actually  stimulates  tlie  sensory  fibers  and  quickens 
i  respiratory  rate,  as  follows:  An  animal  was  made  to  breathe  pure  oxygen 
tt  while  to  displaco  the  nitm^en  in  the  alveoli.     The  chest  on  one  side — 

gEiDthoven,  ^^Quartrrly  Journal  of  Exp.  Phy^^iolojcy,"  1908,  1,243;  also 
■earebes  of  the  PhysioloKifal  Laboratory  of  the  University  of  Leyden/' 
t^.  1908. 
f  "Arehiv  f,  die  gcaammte  PhysioloKie/'  42,  273. 
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say,  the  right  side — wa«  then  opened  with  the  result  that  the  lung  eoUapi' 
and,  owing  to  the  rapid  absorption  of  the  oxygen,  soon  became  pnditittj 
»olia*  The  resplnitions  (rabbit^  showed  their  normal  rate— 66.  The  npi 
nerve  on  the  left  side  was  then  cut  and  immediately  the  resptrttkoitail 
ou  the  character  equally  shown  when  both  vagi  are  aevered. — respoitioBi 
—  34.  Next  Uie  (■oUapse<i  right  king  was  expanded  by  artificial  raspintiiii 
with  the  result  that  the  respiratory  rate  at  once  returned  to  oonnal. 

Respiratory  Reflexes  from  the  Larynx,  Pharynx^  and  Fose. 
— The  mucous  membrane  of  the  larjTix  receives  its  sensor}-  fibd 
from  the  superior  larj^ngeal  nerv^e.  When  this  nerve  is  stimulated 
artificinliy  the  respirations  are  always  inhibited;  the  chest  comeiw 
rest  in  the  jjosition  of  passive  expiration.  The  same  effect  maybe 
obtained  from  the  sensory^  fillers  of  the  glossopharv'ngeal  siipplyiDI 
the  pharynx^  and  indeed  a  temporary'  inhibition  of  respimtiaai 
occurs  through  tliis  nerve  during  ever>'  act  of  swallowing*  The 
sensory^  fibers  of  the  nasal  mucous  membrane  (trigeminal)  cause  i 
similar  reflex  inhibition  when  stimulated  by  injurious  or  so  ( 
irrespirable  gases,  such  as  HCl,  CI,  NH^,  H(\,  etc.  We  may  i 
this  iiihibitor>^  influence  exerted  by  the  sensory^  fibere  disuibuB 
along  the  air  passages  as  a  protective  reflex  which  guards  the  1 
automatically  from  injurious  gases.  This  protective  actioft  j 
made  more  evident  by  the  fact  that,  together  with  the  oeawliofl| 
respirations,  the  glottis  is  reflexly  closed  by  contraction  of  llitl 
ductor  muscles  and,  if  the  stimulation  is  strong,  even  the  br 
musculature  may  be  contracted,  so  tliat  in  ever>'  way  the  ] 
to  the  alveoli  is  made  more  difficult.  The  reflex  is,  of  course,! 
or  less  temjjorar}',  but  it  jHJsse.^es  the  great  advantage  of  1 
automatic,  and  may  enable  the  animal  or  individual  to 
unharmed  from  a  dangerous  locality  before  the  increasing  iifiti 
ity  of  the  respimtory  center  breaks  through  the  inhibition* 
special  cases  the  inhibition  may  last  for  an  unusually  long  I 
Thus,  Fredericq  states  that  in  atjuatic  birds  wat^r  allowed  to  1 
over  the  beak  so  as  to  penetrate  slightly  into  the  nostrite  f 
about  an  inhibition  of  respirations  for  many  minutes. 
w^ould  seem  in  this  case  to  l>e  a  special  adaptation  of  the  reSttJ 
the  needs  of  diving.  We  know  also  that  irritating  gases  or  fa 
bodies  of  any  sort  that  enter  the  larynx  may  lead  to  a 
reflex, — ^that  is,  to  a  series  of  expirator>^  blasts  which  haveij 
poseful  end  in  the  expulsion  of  the  stimulating  object.  In  thiic 
there  is  not  simply  an  inhibition  of  the  inspirator)"  mov 
but  a  reflex  excitation  of  a  peculiar  type  of  expirator>-  mov 

The  Voluntary  Control  of  the  Respiratory  MovemtatSij 
We  can  control  the  respiratory  movements  within  wide  hniiU.  i 
forced  or  feeble  inspirations  or  expirations,  accelerate  the  rhy 
or  completely  inhil)it  the  respirations  in  any  phase.     If, 
the  ''breath  is  held,"— that  is,  if  the  respirator}'  movemeattl 
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ihibited  and  the  glottis  is  closed^  the  increasing  irritability  of 
be  respiratory  center  eventually  breaks  through  the  voluntary 
ohibition.  How  far  this  voluntary  control  is  based  upon  direct 
Kmnections  between  the  cerebrum  and  the  respiratory  center  and 
Mw  far  it  depends  upon  voluntary  paths  to  the  separate  spinal 
uiclei  of  the  muscles  involved  cannot  be  discussed  profitably. 
The  Nature  of  the  Respiratory  Center. — ^The  respiratory 
BQDter  located  in  the  medulla  oblongata  might  with  more  propriety 
be  designated  as  the  inspiratory  center.  Our  normal  respirations 
throughout  life  consist  of  an  active  inspiration  and  a  passive 
Bxpiiation.  It  is  the  co-ordinated  activity  of  the  inspiratory 
muscles  that  is  characteristic  of  the  respiratory  movements.  The 
BEpirsiory  muscles  come  into  action  only  occasionally  and  under 
V)edal  conditions.  So  also  when  we  describe  the  respiratory 
ttnter  as  essentially  automatic  we  refer  only  to  the  action  on 
ttie  inspiratory  muscles,  since  a  series  of  active  inspiratory  move- 
ments is  the  essential  feature  of  respiration.  Under  certain  con- 
fitioDSy  however,  we  do  have  rhythmical  expiratory  movements, 
ictive  expirations.  Such  movements  may  occur  independently 
if  the  respirations  proper,  as  in  coughing  and  laughing,  or  in  the 
ibaining  movements  of  defecation,  micturition,  and  parturition; 
ff  they  may  occur  as  an  integral  part  of  the  respirations,  as  in  the 
iorced  movements  of  dyspnea.  Under  the  conditions  of  partial 
nffoeation,  for  instance,  as  the  blood  becomes  more  and  more 
fetma  the  respirations  increase  in  force  and  active  expirations 
ippear.  It  becomes  a  question,  therefore,  as  to  the  existence  of 
riit  might  be  called  an  expiratory  center,  a  group  of  nerve  cells 
ootroUing  the  co-ordinated  activity  of  the  expiratory  muscles. 
Ike  mere  fact  that  in  dyspnea  we  have  a  rhythmical  and  co-ordi- 
Brted  activity  of  these  muscles  seems  to  imply  the  existence  of  such 
t  center,  but  there  is  no  definite  experimental  knowledge  as  to  its 
^cation.  Assuming  that  there  is  such  a  center,  it  may  be  believed 
hat  it  exists  in  the  medulla,  since  after  section  below  the  medulla 
here  is  no  evidence  of  the  occurrence  of  rhythmical  expiratory 
V)vement8  even  in  extreme  conditions  of  venosity  of  the  blood, 
he  expiratory  center  may  or  may  not  be  located  In  the  same 
gbn  as  the  inspiratory  center,  but  the  following  general  char- 
teistics  may  be  assigned  to  it:  In  the  first  place,  it  is  not  auto- 
•tic;  at  least  not  under  normal  conditions.  In  the  second  place, 
^  activity  must  be  dependent  in  some  way  upon  that  of  the  in- 
batory  center.  Even  our  most  violent  respiratory'  movements 
ow  an  orderly  sequence  of  inspiration  and  expiration, — and  we 
ly  believe  that  the  action  of  the  expiratory  center  is  conditioned 
the  previous  discharge  of  the  inspiratory  center,  just  as  in  the 
irt  the  beat  of  the  ventricle  depends  upon  the  previous  systole 
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of  the  auricle.  That  an  active  expiration  i^  not  t»aiise<l  rrl 
the  mechanical  expansion  of  the  lungs  seenis  to  V»e  deni< 
by  the  fact  that  the  most  legible  vohmtar>'  inspiration  is 
by  a  passive,  not  an  active  expiration.  Until  our  km 
extended  by  further  experimental  work  we  may  consider  the 
pirator>'  center  as  a  group  of  cells  connected  by  definite  paths 
the  expiratoH'  muscles  and  capable  of  being  stimulated  in  one  of 
least  four  general  ways:  (1)  In  special  reflexes,  such  as  coiigUi 
(2)  By  voluntary  c^mtrol  from  the  cerebrum,  as  in  stramtni;. 
By  stimidation  through  afferent  fibers  from  the  skin,  especially 
pain  fibers.  (4)  B}-  the  action  of  an  increased  venosity  of  the  bta 
Under  the  latter  two  conchtions  it  is  possible  that  the  irritali 
of  the  center  is  so  increased  that  it  becomes  responsive  to  the 
fluence  of  the  inspirator}^  center.  The  relations  of  the  inspinti 
and  expiratory'  centers  under  the  various  conditions  of  aitifil 
stimulation  are  ver\'  complex,  and  although  it  is  possible  to 
resent  these  relations  more  or  less  completely  by  schemata  of  j 
sort  it  does  not  seem  advisable  at  present  to  seriously 
such  hypotheses. 


pirRM||H 
in  atidlBI 


The  Accessory  Respiratory  Centers  of  the  Midbrain. — Sevenl 
haveralleti  attention  t<j  the  existence  of  a  possible  acc-e^iiiory*  respir  * 
iti  tlie  nudbraiii  at  the  level  of  the  posterior  eoUiculuH.  Martin 
found  that  stimulation  a  in  this  region  eauded  a  marked  tncreai«  in  the  nil 
of  inspiratory  niovenients  and  finally  a  standstill  in  inspLmtioa, — ihil  ^ 
a  complete  tetanic  contmrtion  of  tlie  inspiratory  muscles  tasting  dtiriiiS^ 
stimulation.*  Lewfindowskyt  has  shown  that  sectiotn  of  the  btain  rt* 
at  or  Jjclow  the  inferior  coUiculi  cauaes  an  alteration  in  the  respiratory  f^tfcji 
similar  to  that  following  section  of  both  vajari.  After  cutting  thitMip  !■ 
inferior  caUiculi  furtlier  weetions  more  poetjeriorly  do  not  tudd  to  the  iiBT* 
He  considers  that  there  is  an  automatic  inhibitory  center  in  the  nuctlli 
which  influences  continually  the  automatic  actixity  of  the  meduUary  «©» 

The  Nature  of  the  Automatic  Sthmulus  to  the  Respiritofj 
Center.^We  have  accepted  the  view  that  the  it^spimton'  (insp* 
torjO  center  is  essentially  autonmtic,  although  very  sensitii»if  K 
reflex  stimulation.  The  further  question  arises  as  to  the  natm^^ 
the  automatic  stimulus.  Inasmuch  as  the  acti\ity  of  the  «rt^ 
controls  the  gaseous  exchanges  of  the  blooil,  it  was  natuial  pt^H^ 
for  physiologists  to  look  to  the  gases  of  the  blood  for  the  <"*nnfl  « 
the  internal  stimulus.  Experiments  show  beyond  quest] ' 
the  condition  of  the  gases  in  the  blood  has  a  direct  and 
influence  upon  the  activity  of  the  center.  If  for  any  m^ 
blood  suppl\ing  the  center  becomes  more  venous,  the  reej 
are  increased  in  force  or  rate  or  both,  and  indeed  the  acti\iT 
center  is  in  a  general  way  increased  in  proportion  to  the  ^ 

♦  Martin  und  iiooker,  *' Journal  of  Physiology/*  I,  370,  IST^ 
t  "  ;\j-chiv  f.  Physiologic;"  1896,  489. 
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the  blood.  On  the  other  hand,  if  the  blood  supplying  the  center 
more  arterialized  than  normal,  by  active  ventilation  of  the  lungs, 
vr  instance^  the  center  acts  more  feebly  or  may  fail  to  act  altogether, 
iving  the  condition  known  as  apnea.  These  facts  may  be  accepted 
8  completely  demonstrated,  but  they  do  not  go  far  enough.  When 
re  speak  of  the  arterial  blood  being  more  venous  than  normal  we 
Dean  that  it  contains  less  oxygen  and  more  carbon  dioxid  than 
xnmal  arterial  blood.  Which  of  these  conditions  serves  to  stimulate 
B»e  center,  and  which  may  be  regarded  as  the  constant  stimulus 
throughout  life?  The  three  possible  views  have  been  defended: 
(1)  That  the  normal  stimulus  is  a  lack  of  suflScient  oxygen  (Rosen- 
Bud).  When  sufficient  O  is  supplied  the  center  ceases  to  act, 
beo(»nes  apneic.  (2)  That  the  normal  stimulus  is  the  presence  of 
in  excess  of  CO,  (Traube).  When  this  excretion  is  quickly  re- 
aioved  the  center  ceases  to  act, — becomes  apneic.  (3)  It  is  possible 
that  the  two  factors  may  co-operate.  Much  evidence  has  been 
xdlected  to  show  that  the  action  of  the  respiratory  center  is  in- 
sreaaed  when  the  tension  of  the  CO,  in  the  blood  is  raised  without 
dtering  that  of  the  oxygen,  and  that  a  similar  result  is  obtained 
if  the  tension  of  oxygen  is  greatly  diminished  without  any  change 
in  that  of  the  carbon  dioxid,  so  that  it  must  be  admitted  that  a 
iange  in  either  factor,  if  sufficiently  great,  acts  as  a  stimulus. 
EipCTiments,  however,  have  indicated  that  the  accumulation  of 
Ic  CO,  is  the  more  efficient  stimulus  of  the  two.*  Zuntz  reports 
Ic  following  interesting  experiments,  in  which  the  extent  of  the 
NBSpiratory  movements  was  measured  by  the  amount  of  air 
^thed  in  a  minute.  In  one  series  the  amount  of  oxygen  in  the 
fflr  breathed  was  reduced.  This  change  did  not  affect  the  quan- 
fitjr  of  carbon  dioxid  in  the  blood.  The  following  results  were 
obtained: 

famal  air volume  breathed  per  minute  =  7,325  to    9,000  c.c. 

^withlOtoll.5  per 

..cent  oxygen "  "  "        "       =  8,166  to    9,428    " 

«fwith  8  to   10   per 
eent  oxygen "  '*  "        "       =  9,093  to  12,810   " 

l^uction  of  one-half  of  the  oxygen  in  the  air  breathed  had  little 
feet  upon  the  respirations.  From  our  present  standpoint,  how- 
^,  the  important  thing  is  not  the  amount  of  oxygen  in  the  air, 
t  the  amount  in  the  blood.  Paul  Bert's  experimentsf  upon 
ing  animals  indicate  that  when  the  oxygen  of  the  air  is  reduced 
a  half  the  amount  of  oxygen  in  the  blood  is  diminished  by  about 
Sthird.  Assuming  this  to  be  correct,  it  is  evident  that  a  very 

♦See  Zuntz,  "Archiv  f.  Physiolome,''  1897,  379.     See  also  Friedlander 
Herter,  ''Zeit.  f.  physiol.  Chemie,'^  2,  99,  and  3,  19. 
f  Berts  "I>a  pression  barom^trique,"  1878,  691. 
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considerable  reduction  may  be  made  in  the  oxygen  of  llie 
without  noticeably  affecting  the  respirations.  A  siniilar  conchaoo 
may  be  drawn  from  Haldane's  experiments*  with  carbon  monouA 
He  found  upon  breathing  mixtures  of  this  gas  that  no  distinct  eSfft* 
were  observ^able  until  the  blood  was  about  one-tliird  saturated  f 
the  gas,— that  is,  had  lost  cmo-third  of  its  oxygen,  Zunlx'* 
periments,  in  which  the  CXI),  in  the  air  breathed  was  increaseiJ,  wl 
the  ox>^gen  remained  normal,  gave  qyite  different  results,  as  folioH 

Normal  air  . . , volume  breathed  per  imiiute»    7,433 

Air  of  20.2  per  cent,  0,  0.95  per 

cent.  CO, '*  "  "         •^         9.O60 

Air  of  18.06  per  cent.  0^  2.97  per 

cent.  CO,.;. "  *'  "         "        11,326 

Air  of  18.42  per  cent.  O,  11.5  per 

cent.  CO3 *'  '*  "         "       32,464 

These  and  similar  results  f  show  that  small  differences  in  i 
amount  of  the  carbon  dioxid  in  the  blood  have  a  distinct  «B( 
upon  the  acti\it}'  of  the  respirators  center.  Under  normal 
ditions  the  respirator}^  center  receives  blood  containing  19  to 
volumes  per  cent*  of  oxygen,  while  the  venous  blood  flowing  n 
fiom  the  center  still  holds  10  to  12  per  cent.  Considerin 
amatl  effect  of  lowering  this  oxygen  supply  by  one-third,  li 
difficult  to  belie\^e  that  normally  the  amount  of  ox>'geii  is 
deficient  for  the  normal  metabolism  aa  to  set  up  a 
stimulus.  The  trend  of  recent  work  favors  rather  the  view 
the  normal  stimulus  to  the  rcspiratoiy  center  is  the  carbon 
When  this  substance  is  present  above  a  certain  amount  or  t 
it  acts  a.s  a  stimulus,  directly  or  indirectly,  and  gives  rise  to 
moderate  movements  of  iioniial  inspiration.  If  the  teoMi 
the  carbon  tlioxid  is  increased,  the  stimulus  becomes 
leads  to  the  production  of  a  condition  of  h\T>erpnea  and 
On  the  other  hand,  if  for  any  reason,  such  as  active  ventilatittt 
the  lungs,  tlic  tension  of  the  carbon  dioxid  in  the  blood  falb 
a  certain  value,  estimatred  by  Zuntz  as  l>ing  between  19  tui 
mms.,  no  stimulation  occurs,  the  center  is  in  a  condition  of 
and  respiratorj-'  movements  cease.  Accepting  the  \iew  tittt  < 
bon  dioxid  in  the  blood  circulating  in  the  medulla  gives  rise  to 
normal  stimulus  to  the  respiratory  center,  one  naturally 
why  a  deficient  supply  of  oxygen  should  also  stinmlate  the 
It  is  true,  as  stated  above,  that  the  supply  of  oxygen  ©if 
diminished  considerably  before  any  augmented  action  of  the 
is  obs€^rv^ed,  but  there  seems  to  be  no  question  that  d>'^neic 
ments  result  when  the  oxygen  tension  falls  below  a  certttia 
One  explanation  has  been  suggested  I  which  may  be  aceeptdl* 

*  Haldane,  ** Journal  of  Ph>Tsiology/'  18,  442.  1895. 

t  See  Halfkne  and  Priestley,  "Journal  of  Physiology/*  32,  225.  I90i 
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sionally  at  least.  We  may  believe  that  in  the  metabolism  of  the 
grve  cells  constituting  the  center,  as  in  the  metabolism  of  the 
rasde,  certain  organic  acids,  such  as  lactic  acid,  are  formed  which 
I  the  presence  of  a  normal  supply  of  oxygen  are  further  oxidized, 
ffben,  however,  the  oxygen  supply  is  insufficient  these  acids  may 
leeumulate  and  serve  as  a  stimulus,  either  directly  or  indu-ectly, 
)y  making  the  cells  more  irritable  to  the  effect  of  the  carbon 
Eoxid.*  This  point  of  view  enables  us  to  understand  also  some 
interesting  results  of  the  effect  of  breathing  oxygen.  When  one 
bolds  his  breath  the  carbon  dioxid  tension  in  the  blood  increases, 
lod  eventually  the  stimulus  becomes  so  strong  that  respirations 
BD8ue  in  spite  of  the  strongest  effort  to  inhibit  them.  This  "break- 
ing point"  is  reached  t  in  23  to  77  seconds  after  the  carbon  dioxid 
in  the  alveoli  of  the  limgs  has  reached  a  concentration  of  6.2  to  7.5 
percent.,  and  the  oxygen  is  reduced  to  9  to  11  per  cent.  If  before 
boMmg  the  breath  the  lungs  are  filled  with  oxygen  by  taking  several 
breaths  of  the  pure  gas,  the  breaking  point  may  be  prolonged  to 
Mmuch  as  160  seconds,  and  one  observer  (\'emon)  reports  that  if 
Bie  lungs  are  first  thoroughly  aerated  by  forced  breathing,  so  as 
to  wash  out  the  carbon  dioxid  in  the  alveoli,  and  at  the  end  pure 
OKygen  is  breathed  in,  the  breaking  point  may  be  deferred  as  long 
IB  eight  minutes.  Evidently,  therefore,  an  accumulation  of 
nrbon  dioxid  in  the  blood,  as  indicated  by  the  composition  of  the 
ihreolar  air,  is  less  efficient  as  a  stimulus  to  the  center  when  an 
adequate  supply  of  oxygen  is  provided,  and  this  fact  may  be  ex- 
plamed  on  the  hypothesis  that  the  oxygen  prevents  the  accumula- 
8on  of  the  acid  products  of  metabolism. 

.  The  two  fundamental  facts  that  the  respiratory  center  is  stimulated  by 
■Ben  of  carbon  dioxid  and  by  deficiency  of  oxygen  have  been  brought  together 
fF  an  hsrpothesis  which  assumes  that  the  resulting  effect  is  the  same  in  both 
ittt.!  According  to  this  view  the  carbon  dioxid  does  not  stimulate  the  center 
0|eetqry  but  indirectly,  because  like  any  other  acid  in  solution,  it  gives  rise  to 
V  production  of  hydrogen  ions,  and  these  ions  constitute  a  stimulus  which 
mpma  to  be  effective  when  their  concentration  passes  a  certain  threshold  value. 
aek  of  oxygen  brings  about  the  same  increase  in  concentration  of  hydrogen 
tia  owing  to  the  fact  that  it  permits  the  accumulation  of  acid  products  of 
tannediary  metabolism,  products  which  under  normal  conditions  are  re- 
<>ved  by  oxidation.  If  this  view  proves  to  be  correct,  it  is  obvious  that  it 
tpfieB  further  that  the  activity  of  the  respiratory  center  constitutes  an  efficient 
Bus  for  preserving  the  neutrality  of  the  blood,  since  in  proportion  as  the 
tboa  dioxid  concentration,  and  therefore  the  hydrogen-ion  concentration, 
Cveases  in  the  blood  the  respiratory  center  will  l>e  stimulated.  The  greater 
^intory  movements  thereby  produced  will  tend  to  remove  the  excess  of 
TOm  dioxid.  A  further  problem  in  connection  with  the  action  of  the  respira- 
fy  center  is  the  cause  of  its  rhythmic  activitv.  The  underlying  mechimism 
tida  rhythmicity  is  obscure,  but  it  is  possiole  that  in  this  instance,  as  in 

♦  Haldane  and  Poulton,  "Journal  of  Physiology,"  37, 390, 1908. 
t  Hill  and  Flack,  "Journal  of  Physiology,"  37,  77,  1908. 
t  Winterstein,  "Pfltiger's  Archiv,"  138,  167,  1911. 
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the  case  nf  the  heart-muscle,  the  property  ia  dependent  in  dome  w*y  i 
the  nonnul  baliince  of  raleium,  pottissiuin,  and  sodium  in  the  blood.  T 
tioiis  in  the  concenl  ration  of  the.se  element i*  cuuse  marked  chaosoil 
rhythmicity.* 

The  Cause  of  the  First  Respiratory  Movement. — Th^miro*! 
malian  fetus  uiuler  normal  t  onditions  makei?  no  respiraloiy  mo^J 
ments  while  in  utero.  After  birth  and  the  interruption  of  the  pti 
cental  circulation  the  first  breath  is  taken.  The  cause  of  tiill 
sudden  awakening  to  activity  on  the  part  of  the  respiraton'  ceoterj 
must  l>e  closely  connected,  if  not  identical  with»  the  cause  of  tl«.| 
autonmtic  activity  of  the  center  throughout  life.  Two  or 
three  views  have  been  hehi  regarding  its  immediate  cause:  (1)1 
That  it  is  due  to  the  increased  venosity  of  the  blood  bmught  aboOtj 
by  the  interruption  of  the  placental  circulation;  (2)  that  it  isdiiawi 
stimulation  of  the  skin  by  handling,  drying,  etc.;  (3)  that  it  i5tluii 
to  a  combination  of  these  causes.  Preyer  has  sho^Ti  that  stiniuii-| 
tion  of  the  skin  of  the  fetus  while  in  uUro  and  with  the  placental | 
circulation  intact  sufhcies  to  cause  respiraton'  movementfi.  Cohzhj 
stein  and  Zuntzf  have  showTi  that  interRiption  of  the  placrfitilj 
circulation  while  the  fetus  is  kept  bathed  in  the  anmiotic  liquid  i 
brings  about  respirations.  Since  both  of  these  event-s  occur  non 
at  birth,  we  may  believe  that  each  aids  in  causing  the  first  i 
tion,  and  indeed  it  may  he  necessary  at  times  deliberately  to  ift 
crease  the  stimulation  of  the  skin  in  order  to  bring  on  resjjir 
movements.  If  the  two  causes,  stimidation  through  the  nem^a 
stimulation  through  the  blood,  normally  co-operate,  it  may* 
ever,  be  said  tliat  the  esisential  cause,  according  to  the  tb 
adopteil  in  the  preceding  paragraphs,  lies  in  the  greater  vencfity  fl 
the  blood,  that  is.  the  increased  tension  of  the  carbon  dioxid  foli 
ing  interruption  of  tlie  placental  circulation.  During  the  mtf*' 
uterine  period  it  is  evident  that  the  fetal  blood  is  aerated  so  wij 
by  exchange  with  the  maternal  blood  that  it  does  not  act  « 
stimulus  to  the  fetal  respiratoiy  center.  The  fetus  is,  ph}*? 
ically  speaking,  in  a  condition  of  apnea.  Since  the  maternal  I 
acts  upon  the  respirator}^  renter  of  the  mother,  while  tfc 
blood  \H'hich  exchanges  gase^  with  it  does  not  act  on  its  o\vti  i 
tory^  center,  it  follows  that  the  fetal  respirator^'  center  poescfli 
lower  degree  of  irritability  than  that  of  the  mother. 

Dyspnea,  Hyperpnea,  Apnea. — ^By  the  term  dyspnei  in 
widest  sense  we  mean  any  noticeable  increase  in  the  force  ojtiSx^ 
the  respiraton*  movement.s.     As  said  above,  such  a  coodititin  i 
be  causetl  either  by  stimulation  of  sensory  nerves,  partifiii«*'J 

•  HiMiker,  '"Araeriean  Journal  of  Physiology/'  31, 1913,  "Procwdinp*^^ 
American  Physiologieal  Soeiety/* 

t  Cohiiiftein  and  Zuntz,  "Areh.  f.  die  gesaminte  Physiol.,"  42,  342*  IS^ 
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pain  nerves,  or  by  an  increased  venosity  of  the  blood — that 
)y  an  increase  in  the  CO,  or  by  a  marked  decrease  in  the  oxygen, 
mges  of  other  kinds  in  the  composition  of  the  blood,  some  of 
ich  are  considered  in  the  next  chapter,  may  also  stimulate  the 
piratory  center  and  cause  dyspnea.  The  dyspneic  movements 
urally  show  many  degrees  of  intensity  corresponding  with  the 
aigth  of  the  stimulus,  and  sometimes  the  initial  stages  are 
ignated  as  hyperpneay  while  the  term  dyspnea  is  reserved  for 

more  labored  breathing  in  which  the  expirations  are  active 
1  forced.  When  dyspnea  is  produced  by  withholding  air 
ffoeation)  the  respiratory  movements  become  more  and  more 
lent  until  they  take  on  a  convulsive  character.  This  stage 
ucceeded  by  one  of  apparent  calm,  indicative  of  exhaustion  of 
I  centers.  Deep,  long-drawn  inspirations  follow  at  intervals 
1  finally  cease.  The  animal  lies  quietly,  with  feeble  heart  beat 
i  dilated  pupils,  in  a  condition  designated  as  asphyxia  or  com- 
teasph3rxia. 

The  term  apnea  means  literally  a  condition  of  no  breathing,  and 
se  this  condition  may  occur  from  several  causes  some  confusion  in 
oenclature  has  resulted.  In  medical  literature  the  term  is  some- 
968  employed  as  a  synonym  for  asphyxia  or  suffocation.  In 
fsiological  literature  it  is  restricted  to  a  very  interesting  con- 
on  which  is  of  great  importance  with  reference  to  the  th^ries 
respiration.  This  condition  is  one  of  cessation  of  breathing 
irements  due  to  lack  of  stimulation  of  the  respiratory  center, 
is  brought  about  by  rapid  and  prolonged  ventilation  of  the 
gs.  If,  for  instance,  in  a  rabbit  or  other  animal,  a  tracheal 
nula  is  inserted  and  connected  with  a  bellows  or  respiration 
laratus,  the  lungs  may  be  inflated  artificially  at  a  rapid  rate 

any  given  period  of  time.  If  such  an  experiment  is  per- 
iled it  will  be  found  that  when  the  blasts  are  stopped  the 
mal  makes  no  breathing  movements  at  all,  sometimes  for  a  con- 
srable  interval.  When  the  respirations  start  again  they  begin 
h  feeble  movements,  which  gradually  increase  to  the  normal  am- 
ude  (Fig.  281).  One  may  produce  a  similar  condition  upon  him- 
',  approximately  at  least,  by  a  series  of  rapid,  forced  inspirations. 
B  question  of  importance  is:  Why  does  the  respiratory  center 
ae  to  act?  The  numerous  researches  made  upon  this  condition 
m  to  show  very  clearly  that  in  the  ordinary  method  used  to  pro- 
» it  two  factors  co-operate,  namely,  a  change  in  the  condition  of 

gases  of  the  blood  and  a  stimulation  of  sensory  fibers  in  the 
gs,  the  latter  factor  bringing  about  a  reflex  inhibition  of  the 
liratory  center.  Since  either  one  of  these  factors  alone  may 
se  a  cessation  of  breathing,  some  authors  have  distinguished 

kinds  of  apnea,  apnea  vera  or  chemical  apnea,  and  apnea  vagi 
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or  inhibitory  apnt^ii,  1 1  is  generally  state<l*  that  aft^r  section  ij(  tb« 
vagi  it  is  more  difficult  than  in  the  normal  animal  to  produce  apMi 
l>y  vip;orous  artififial  respiration,  so  doohtless  in  tlii?  last  pniit^ 
dure,  a8  usually  earrieil  out  with  a  bellows,  the  rapid  stimulaiwa 
of  the  inhibitory  fibers  of  the  vagus  by  the  expansion  of  the  lunp 
faeihtates  the  produetioii  of  a  true  or  eheniical  apnea.  In  tbrpr?- 
etHting  paragraphs  evidence  hius  been  given  to  show  t hat  the  iMinm) 
stimulus  to  the  center  is  dye  to  the  presence  of  CO,,  ainl 
lows  logically  that  tlie  more  complete  removal  of  this  gB8  by 
lation  of  the  lungs  should  be  considered  as  the  chief  caus<*  of  t 
apnea.  Experimentally,  this  \new  is  well  borne  out  by  aa  < 
observation  of  Herns,  according  to  which  a  conilition  of 


t  *    P^'^?^^\~T^  '^"^  the  recovery  from  apnea.     Tbe  anima]  Cmbfalt>ted  hm  ^ 
Iftfcd   with  a   belJt>w«  and    thrown    into  a  coniiition  of  apnea   sbowa   at   tte  M 
of  the  record.     The  rewpirationj^  returaivj  first  as  feeble  raovemeiiU  whwh  i      ' 
c reacted   143  the  normal. — (Dawt&nj 

in  a  rabbit  may  be  eut  short  at  any  moment  by  a  blast  of  Cft' 
sent  into  the  lungs,  a  bla.st  of  air  having  no  such  effect    Tto 
observation  is  further  supported  by  experiments  by  M<'     *  ^"' 
men,  in  which  he  shows  that  apnea  cannot  l>e  profiuce<i  f 
with    carbon   dioxid.     This   author   designates   the  ct 
diminished    CO^    in    tlie    bl^wd    as   naipma.     Acconiiii-    - 
terminolog>%  true  ai)nea  is  due  to  a  condition  of  acapnia. 

Much  other  work  has  tended  to  strengthen  the  genefal 
that  a  certain  tension  or  pressure  of  CO^  in  the  blood  i« 
sary  to  stinmlate  tlie  respiratory  center,  and   that  if  file  (X), 
wmsIh^I   out  to  a  certain   point  by   unusual   ventilation  of  ^ 
lungs  (condition  of  acapnia),  then  the  respiratory  center  €#«««• 

•  8m*  Head,  "Journal  of  Phvi^icilogy/*  10,  I,  luid  27!>,  1SS9 
t  Mo&w,    \\r chives  italiemiei*  de  biologie/'  40,  1.  19Ui, 
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>ff  its  rhythmic  discharges.  There  is  no  desire  to  breathe 
he  animal  lies  quiet  in  a  condition  of  apnea.  Voluntary 
I  respirations  in  man  maintained  for  some  minutes  will 
ce  a  similar  condition.  According  to  the  interesting 
nt  given  by  Haldane  and  Poulton*  an  apnea  may  be 
ced  in  this  way  which  will  last  for  100  to  150  seconds,  and 
\  the  individual  begins  to  breathe  again  he  may  become 
blue  in  the  face,  owing  to  the  loss  of  oxygen  from  the 
.  Henderson  t  has  given  experimental  evidence  to  show 
i  marked  diminution  in  the  pressure  of  the  COj  in  the  blood, 
ht  about  by  forced  respiration,  may  cause  not  only  a  condi- 
f  apnea  but  also  a  feeble  rapid  heart-beat,  with  fall  of  blood- 
ire  and  the  symptoms  of  surgical  shock.  It  would  appear, 
ore,  that  a  certain  tension  of  COj  in  the  blood  is  necessary 
le  normal  irritability  of  the  vasoconstrictor  and  cardio- 
tory  centers  as  well  as  the  respiratory  center.  J  In  the  apneic 
bion  produced  by  rapid  ventilation  of  the  lungs  all  three 
•8  su£fer  a  diminution  in  activity.  In  addition  to  the  factors 
ised  above,  namely  reflex  inhibition  or  excitation  through 
y  nerve  fibers  and  variations  in  the  carbon  dioxid  of  the 
,  it  is  to  be  borne  in  mind  that  this  irritable  center  may  be 
need  in  many  other  ways,  for  example,  by  the  specific  action 
ious  drugs  or  toxins,  by  variations  in  the  inorganic  elements 
5  blood,  etc. 

nervation  of  the  Bronchial  Musculature. — Numerous 
bigators,  using  different  methods,  have  demonstrated 
the  bronchial  musculature  is  supplied  through  the  vagus 

motor  and  inhibitory  fibers,  bronchoconstrictor  and 
shodilator  fibers,  as  they  are  usually  called.!  Stimulation 
le  constrictors  causes  a  narrowing  of  the  bronchi,  and 
fore  increases  the  resistance  to  the  inflow  and  outflow 
ir.  Some  observers  state  that  these  fibers  are  nor- 
'  in  a  condition  of  tonic  activity  (Roy  and  Brown),  but 
s  find  little  evidence  for  this  belief.  An  artificial  tonus — 
8,  a  condition  of  maintained  activity  of  the  constrictor  fibers — 
ye  set  up  by  the  action  of  a  number  of  drugs,  such  as  muscarin, 
Lrpin,  and  physostigmin,  w^hich  in  this  case,  as  in  so  many 

instances  of  autonomic  fibers,  are  supposed  to  stimulate  the 
gs  of  the  fibers  in  the  lungs.  Their  effect  is  removed  by  the 
1  of  atropin.  These  fibers  are  stimulated  also  during  the  ex- 
)ry  stages  of  asphyxia.    Reflex  stimulation  of  the  constrictors 

Haldane  and  Poulton,  "Journal  of  PhysioloRv,*'  37,  390,  1908. 

Henderson,  "American  Journal  of  Physiology/'  21, 128, 1908. 

See  Mathiflon,  "Journal  of  Physiology,"  42,  283,  1911. 

For  references  to  literature,  sec  Dixon  and  Brodie,  "Journal  of  Physi- 

"  29,  97,  19a3. 
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is  obtained  most  readily  (Dixon  and  Brodie)  by  irritation  of  tk 
nasal  mucous  membrane,  and  it  s^ems  probable  that  in  broDcUil 
or  spasmodic  asthma  these  fibers  are  also  stimulated  refledr. 
The  normal  conditions  under  which  the  constrictors  and  dilatoo 
are  brought  into  play  can  scarcely  be  stated.  Irritating  vaponor 
even  CO2  lead  to  a  bronchoconstriction  and  this  reflex,  as  stated  oi 
p.  685,  may  be  regarded  as  protective.  When  a  constriction  of  At 
bronchial  musculature  exists  it  may  be  abolished  by  the  paralyxiflg 
action  of  atropin,  or  temporarily  by  injections  of  extractB  i 
lobelia  or  by  the  anesthetic  effect  of  inhalations  of  chlorofonDor 
ether.    Nicotin  also  causes  a  dilatation. 


CHAPTER  XXXVIII. 

THE  INFLUENCE  OF  VARIOUS  CONDITIONS  UPON 
THE  RESPIRATIONS- 

The  Effect  of  Muscular  Work  upon  the  Respiratory  Move- 
ents. — ^It  is  a  matter  of  common  experience  that  muscular  ex- 
cise increases  the  rate  and  amplitude  of  the  respiratory  move- 
snts.  Roughly  speaking,  the  increase  is  proportional  to  the 
lount  of  muscular  work,  and  the  relationship  is  evidently  a  bene- 
ial  adaptation.  The  greater  the  amount  of  work  done,  the 
Iger  will  be  the  amount  of  CO,  produced  and  the  greater  will  be 
B  need  of  oxygen.  The  adaptation  was  formerly  explained  in 
lat  seemed  to  be  an  entirely  satisfactoty  way  by  assmning  that 
5  increased  consumption  of  O  and  the  greater  production  of  CO, 
the  muscles  resulted  in  rendering  the  blood  more  venous,  and 
iisequently  the  respiratory  center  was  stimulated  more  strongly, 
i  indeed  proportionally  to  the  muscular  effort.  Geppert  and 
Utz,*  however,  have  shown  by  gas  analyses  that  whatever  may 

the  condition  of  the  venous  blood  during  muscular  exercise 
i  arterial  blood  sent  out  from  the  left  heart  shows  no  constant 
Inge  in  the  quantity  or  tension  of  the  contained  gases.  They 
rved,  also,  that  the  effect  on  the  center  is  not  simply  a  reflex 
mthe  nerves  in  the  muscles,  since  when  the  hind  limbs  were  made 
contract  by  stimulation  the  respiratory  center  was  affected  in 
i  usual  way  although  all  the  nerve  connections  were  destroyed, 
ey  conclude,  therefore,  that  the  respiratory  effect  of  muscular 
"ilk  must  be  due  to  certain  substances  produced  in  the  muscle  and 
^en  off  to  the  blood.  Other  experiments  (Lehmann)  make  it 
>bable  that  these  substances  are  the  acid  products,  lactic  acid  and 
id  phosphates,  known  to.be  formed  in  muscle  during  contraction, 
d,  indeed,  it  can  be  shown  that  the  lactic  acid  in  the  blood  is 
iireased  during  muscular  exercise. t  The  adaptive  reaction,  by 
ians  of  which  the  need  of  the  contracting  muscles  for  more  oxygen 
met,  may  be  explained,  therefore,  as  follows:  Owing  to  the 
s«tly  increased  metabolism  in  the  contracting  muscle  the  resting 
iply  of  oxygen  is  inadequate  to  oxidize  the  acid  intermediary 
kiucts  of  metabolism,  these  latter  escape  into  the  blood-stream, 

*  Geppert  and  Zuntz.  "  Archiv  f.  die  gesammte  Physiologie,"  42, 189, 1888. 
t  nyffel,  "Journal  of  Physiology,"  39,  1909. 
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and  by  stiraulating  the  respiratory  center,  or  by  incrcaanghil 
irritability  tliey  bring  aliout  augmented  respiratory  mxmSDM 
whereby  a  more  plentiful  mipply  of  oxygen  is  provided^  and  pio- 
vision  is  made  for  the  removal  of  the  excess  of  <'arl>on  dioxid 

The   Efifect   of   Variatioiis   in   the   Composition   of  Ibe  Air 
Breathed. — Variations  in  the  amount  of  nitrogen  in  the  iniipinij 
air  have  no  distinct  physiologieal  effect.     The  important  deMij 
to  consider  are  the  oxygen  and  the  carbon  dioxid. 

Increased  Percentages  0/  Oxygen, — ^The  normal  pressure  of  o 
in  the  air  is  20  per  cent,  or  152  mms.     We  may  increase  this  p 
sure  either  by  changing  the  volume  per  cent,  of  the  gas  or  hv  i 
the  barometric  pressure  by  compression*    The  somewhat  natt 
supposition  that  breathing  pure  o^'gen^ — that  is,  ox\'gen  at  a  [ 
sure  of  760  mra. — should  have  a  beneficial  effect  on  the  oiid 
of  the  body  has  found  no  support  in  physiological  experiiDfaal 
Atmospheric  air  supplies  ns  with  an  excels  of  oxygen  over  ttea 
of  the  body;  a  still  further  increase  of  this  excess  has  no] 
advantage.     This  is  true  at  least  for  ordinary  conditions  of  r^  ^ 
moderate  activity.     In  excessive  and  prolonged  muscii!  "  *^'''^' 
the  supply  may  be  inadequate,  and  under  these  or  sit. 
tions  an  increase  in  the  percentage  of  oxygen  in  the  respirwl^^ 
would  naturally  tie  advantageous.     Paul  Bert»  in  his  inU 
work  on  barometric  pressures,*  has  called  attention  to  the  fart  ( 
at  a  certain  pressure  oxygen  is  not  only  not  beneficial,  bul|OR^ 
contrary,  is  markedly  toxic.    From  experiment's  made  upon  if 
variety  of  animals  and  plants  he  concluded  that  all  hvLngt 
killed  when  the  oxygen  pressure  is  sufficiently  high, — say,  300| 
per  cent.     Warm-blooded  animals  die  with  convulsions  1 
mitted  to  3  atmospheres  of  pure  oxygen  or  15  atmospheres  I 
At  these  high  pressures  the  l)lood  contains  about  28  volumes <i 
gen  to  each  100  ex.  of  blood  instead  of  the  usual  20  voiunM& 
additional  8  volumes  are  contained  in  solution.    Fish  aboftffl 
when  the  oxygen  pressure  is  increased  to  such  a  point  that  the  1 
contains  10  volumes  of  dissolved  ox>^gen  to  each  100  c.c,    hi 
recent  experiments  by  Smith^f  made  upon  mice,  it  was  found  I 
oxygen  at  pressures  of  100  per  cent,  to  130  |>er  cent,  provei  f 
in  a  few  days,  the  animals  showing  inflammator>*  chan^Jft" 
lungs.     Oxj^gen  at  180  per  cent,  kills  mice  and  birds  witto  ( 
four  hours.     Pressures  of  two  atmospheres  of  air  (40perctfW 
have  no  injurious  effect.     No  adequate  chemical  explan»to*^ 
be  offered  at  present  for  this  toxic  action  of  oxygen  at  high  t 
The  matter  is  one  of  practical  importance  in  connection  mrithe 
and  submarine  work  and  the  theraj:»eutical  use  of  ox>'gen. 

Decreased  Percentages  of  Oxygen. — Numerous  obeen'OT  (B 

•  '*  La  pres^ioii  barom^triqiie, "  p,  764,  P&m,  187S» 
t**  Journal  of  Phy3iologj%  ^'  24,  19,  1809. 
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untz,  et  al.)  have  shown  that  a  fall  in  oxygen  pressure  has  no 
erceptibly  injurious  result  until  it  reaches  about  10  per  cent.  At 
r  somewhat  below  this  pressure  the  hemoglobin  is  unable  to  take 
p  its  full  amount  of  oxygen,  and  the  body  consequently  suffers 
twn  a  real  deficiency  in  its  oxygen  supply,  a  condition  designated 
B  anoxemia.  According  to  Bert's  experimental  results,  death  with 
onvulsions  quickly  follows  a  fall  of  atmospheric  pressure  to  250 
uns.  (oxygen  pressure,  50  mms.  or  6  to  7  per  cent.).  Animals 
applied  with  an  atmosphere  containing  a  deficient  amount  of 
xygen  show  dyspneic  respirations,  which  increase  in  violence 
lui  finally  become  convulsive. 

Increased  Percentages  of  Carbon  Dioxid, — It  was  pointed  out 
learly  by  the  researches  of  Friedlander  and  Herter*  that  death 
fom  increased  j)ercentages  of  COj  is  accompanied  by  symptoms 
trite  different  from  those  due  to  lack  of  oxygen.  As  the  CO,  is 
icreased  a  noticeable  hyperpnea  may  be  observed  (Zuntz)  at  a 
DDcentration  of  about  3  per  cent.  When  the  concentration  of  CO, 
caches  8  per  cent,  to  10  or  15  per  cent,  there  is  distinct  dyspnea; 
lit  beyond  this  point  further  concentration,  instead  of  augmenting 
le  respirations,  decreases  them,  and  the  animal  dies,  at  concen- 
mtions  of  40  to  50  per  cent.,  without  convulsions,  but  with  the 
[ipearance,  rather,  of  a  fatal  narcosis.  It  is  probable  that  in 
lese  concentrations  the  COj  exercises  a  direct  toxic  action  on  the 
Brve  cells. 

High  and  Low  Barometric  Pressures,  Mountain  SicknesSi 
ti88on  Diseasei  etc. — High  barometric  pressures  are  used  in 
dmarine  work,  diving,  caisson  work,  etc.  As  stated  above,  it 
flows  from  the  work  of  Bert  and  Smith  that  when  the  pressure 
nehes  5  to  6  atmospheres  long  continuance  in.  it  may  be  followed 
f  injurious  or  fatal  results  due  to  the  toxic  action  of  the  oxygen, 
the  pressure  is  increased  to  15  atmospheres  the  toxic  influence 
'  the  oxygen  brings  on  death  with  convulsions.  Practically, 
Jfwever,  such  pressures  are  not  encountered  in  submarine  work, 
eaisson  is  a  wooden  or  steel  chamber  arranged  so  that  it  may 
i  sunk  imder  water.  The  water  is  driven  out  by  air  under  pres- 
UB.  Since  the  pressure  increases  1  atmosphere  for  each  10 
«tera  (33  feet),  it  will  be  seen  that  very  high  pressures  of  air 
■e  not  usually  required.  Caisson  workers  are  at  times  attacked 
W  serious  or  even  fatal  symptoms,  not  while  in  the  compressed 
»,  but  during  or  after  the  '*  decompression  "  that  is  necessary  in 
le  return  to  normal  conditions.  The  symptoms  consist  of  pains 
I  the  muscles  and  joints,  paralysis,  dyspnea,  congestion.  Those 
ho  have  investigated  the  subject  t  state  that  the  injurious  results 

•  Friedl&nder  and  Herter,  "Zeitschrift  f.  physiol.  Chemic,"  2,  99,  1878, 
Mi  3  19  1879. 

t  See  Bert,  loc,  cU.,  p.  939;  also  Hill  and  MacLeod,  "Journal  of  Physi- 
Ogy,"  29,  382,  and  '^Journal  of  Hygiene,"  3,  407. 
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are  due  to  a  too  rapid  decompression.  When  this  occure  the  pset 
m  the  blood,  particularl}^  the  nitrogen,  are  suddenly  Ubemied  u 
bubbles »  which  block  the  capillaries  and  thus  produce  anemi*  ifl 
different  organs*  If  the  decompression  is  effected  gradually  DOfri 
results  follow. 

The  effect  of  low  baronietric  pressures  is  chiefly  of  intereit  in 
connection  with  residence  in  high  altitudes,  balloon  aseenaam 
etc.  At  certain  altitudes,  from  3000  to  4000  meteis,  diagreedll 
Bymptonis  are  experienced  by  inany  persons,  espeeiallj  iftcr 
muscular  e^ort,  which  are  designated  usually  under  tfae  Um 
mount4iin  sickness.  The  individual  so  affected  suffers  from  heiJ- 
ache,  nausea  J  vertigo,  great  weakness,  etc.  Much  investi^tKSt 
especially  of  recent  years,  has  lieen  devoted  to  this  subject,*  Pwl 
Bert  concluded,  from  his  numerous  experiments,  that  a  fall  ifibiio* 
metric  pressure  acts  upon  the  organism  only  in  so  far  as  thciti** 
diminution  of  the  partial  pressure  of  the  oxygen  in  the  air  tespiiti 
This  \iew  has  l^een  generally  accepted  in  physiology,  and  motintiiB 
sickne^ss  and  similar  disturbances  in  balloon  ascents  have  b«n 
explained,  therefore,  as  due  mainly  to  the  lack  of  oxygen,--lhai J^ 
to  the  condition  of  anoxemia.  Moaso,  on  the  contrar>%  has  inasui 
upon  the  part  i>layed  by  the  carbon  dioxid.  He  gives  txps^ 
ments  to  show  that  there  is  a  diminution  in  the  carbon  dio» 
contents  of  the  blood  {a  condition  of  acapnia),  and  it  is  Uj  tli 
rather  than  to  the  anoxemia,  that  he  would  attribute  the  [thri^ 
logical  results  of  bw  barometric  pressures.  Other  authora  li? 
stress  upon  the  mechanical  disturbances  of  the  lung  cirrubtion, 
while  still  others  assume  that  certiiin  vaguely  understood  cceeki 
influences — such  as  the  electrical  condition  of  the  air,  its  loraO' 
tion,  or  radiations  .of  some  kind — ^may  affect  the  nietalx)Ksm5 
the  body  and  thus  produce  the  symptoms  in  question.  It 
seem  that  the  whole  matter  is  more  complex  than  was  at  W^ 
supposed,  but  the  balance  of  evidence  indicates  that  the  ot 
factor  in  the  production  of  mountain  sickness  is  deficieac)*  i» 
oxygen,  particuiarly  when  the  oxygen  need  of  the  body  is  incr«i*i 
as,  for  example,  in  muscular  exercise.  Experiment*  seem  to  Ao'j 
that  the  total  imiount  of  oxygen  in  the  arterial  blood  may  aot 
diminished,  owing  to  the  greater  percentage  of  hemoglobiiit  • 
it  exist*!  under  a  lower  pressure  and  hence  is  not  supplied  •] 
rapidly  to  the  tissues.  After  residence  for  some  time  in 
altitudes  a  certain  degree  of  acclimatization  is  exhibited 
in  part,  it  is  claimed,  to  a  secretion  of  oxygen  into  the  blood 
the  cells  of  the  lung  alveoli,  thus  raising  the  oxygen  pressure  m 

•  Sec  "Zunta  et  aL  Hohenklima  u,  BcrKwandeningen  in  ihrer 
Buf  d.  Measchen,"  Berlin,  1906.     Moeeo  and  Morro.  "Archives  italf 
bioloffie,"  m,  dH7,  also  vol«.  40  and  41.    Doufjoe  et  aJ,  ^Thv^siokigictK 
Uon»  made  on  Pike's  Peak/'  ete.;  'Thiloftophical  Trans'"  Londoo,  B.3 
185,  1913. 
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«iial  blood.  (See  reference  below,  Douglas,  Haldane  et  al.) 
le  historical  incident  of  the  death  of  Sivel  and  Croc^pinelli  at 
altitude  of  8600  meters  (barometric  pressure,  262  mros.;  oxy- 
a  pressure,  52.4  mms.)  gives  an  impressive  instance  of  the  phys- 
ogical  effects  of  extreme  altitudes. 

The  incidents  connected  with  the  ascent  in  the  balloon  Zenith  of  Sivel, 
»c4^pineUi,  and  Tissandier,  April  15,  1875,  are  described  in  detail  by  the 
(named  in  "La  Nature,"  1875,  p.  337,  also  in  Bert's  ''Lapression  baro- 
trique,"  p.  1061.  Only  Tlssandier  survived.  The  balloomsts  were  pro- 
led  with  bags  containing  oxygen  (72  per  cent.),  but  they  were  unable  to 
b  satisfactory  use  of  them  since  shortly  after  passing  7500  meters  they  be- 
ne 80  weak  that  the  effort  to  raise  the  arm  to  seize  the  oxygen  tube  was 
possible.  Tissandier's  graphic  description  relates  that  at  8000  meters 
iras  impossible  for  him  to  speak,  ancl  that  shortly  afterward  he  became 
irely  unconscious.  None  of  the  three  seems  to  have  shown  any  signs  of 
t  violent  dyspnea  that  usually  precedes  asphyxia  caused  b^r  lack  of  oxyeen. 
B  Doteworthyi  however,  that  the  heart  beats  were  very  rapid,  and  that  they 
)eiienced  at  fiist  great  depression  of  muscular  strengtn  without  loss  of 
ledousness.  The  onset  of  complete  unconsciousness  was  sudden,  but  was 
leeded  by  feelings  of  sleepiness,  which,  however^  were  not  associated 
h  any  distress.  These  latter  facts  recall  the  conditions  of  ''shock/'  and 
old  suggest  that  probably  the  rapid  heart  beat  was  an  mdication  of  a  great 
I  in  blood-pressure,  which  may  mtve  been  directly  responsible  for  the  mus- 
ar  weakness  and  final  unconsciousness  and  death. 

The  Respiratory  Quotient  and  its  Variations. — In  studying 
5  gaseous  exchanges  of  respiration  one  may  determine  the  varia- 
DS  in  the  oxygen  absorbed  under  different  conditions  or  in  the 
ix)n  dioxid  eliminated,  or  finally  in  the  ratio  of  one  to  the  other, 
>  which  is  known  as  the  respiratory  quotient.  In  short-lasting 
periments  the  respiratory  quotient  is  not  a  very  reliable  indicator 
Bie  extent  or  character  of  the  physiological  oxidations  in  the  body, 
ce  any  alteration  in  the  depth  or  rapidity  of  the  respiratory 
rvements  may,  by  changing  the  ventilation  of  the  alveoli,  make 
lifference  in  the  output  of  CO,, — ^a  difference,  however,  which 
old  have  no  significance  in  regard  to  the  nutritive  changes  of  the 
iy.  In  longer  experiments  and  in  those  during  which  the  respira- 
y  movements  aie  not  altered  the  determination  of  this  ratio 
tms  light  upon  the  character  of  the  oxidations  that  are  taking 
ice,  as  will  be  apparent  from  the  following  considerations:  Under 
linary  conditions  of  rest  and  upon  a  mixed  diet  the  R.  Q.  varies 
nroen  0.65  and  0.95  (Loewy)  or  between  0.75  and  0.89  (Magnus 
vy).  If,  however,  the  material  oxidized  in  the  body  is  entirely 
bohydrate  the  R.  Q.  should  be  equal  to  unity:  ^  «  1.  All  the 
^gen  used  in  the  combustion  might  be  considered  as  uniting  with 
I C  to  form  COa,  since  enough  O  is  present  in  the  sugar  to  account 
that  used  in  oxidizing  the  H  to  HjO.  Or,  as  expressed  in  a 
ction, 

Dextrose. 
C.H„Oe  +  60,  =  6CX),  +  6H,0.     R.  Q.  =  f  =  1. 
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The  number  of  molecules  of  CO,  formed  in  the  oxidation  ia  eqw 
to  the  number  of  molecules  of  0^  used.     If  fats  alone  are  oxidi» 
in  the  body  the  R.  Q.  should  be  low  (0.7),  since  these  substanwi' 
are  poor  in  oxygen  compared  with  the  amount  of  C  and  H  preaeai 
in  the  molecule.    The  combustion  of  pahmtin  nmy  be  lepfttentd 
aa  follows : 

Pafmitin,  CJlBiC.^H^O,).  --  C„H«a. 
2CC„H«0J  4-  1450,  =  102CU,  +  98H,0. 
R-  Q-  ^  Hi  =  0-703. 


Ill  estimating  the  respiratory  quotient  for  pror* 
bear  in  niind  the  fact  that  these  substances  var;, 
composition    and,    moreover,    that    they    are    not    coDiplftr'rj 
oxidized  in  the  body.     Calculations  based  upon  the  amount  !  ■ 
11  n oxidized   carbon   and   hydrogen   escaping   in   the  uriiK*  -'  ' 
feces  give  the  average  figure  of  0.801  for  the  R.  Q.  of  pr-'- 
It  is  evident  from  these  statements  that   an  increa^^e  ni 
proportion  of  carbohydrate  food  will  cause  the  R.  Q.  to  approjch 
unity,  while  an  increase  in  protein   and  especially  in  fat  rf  i 
lower  its  value.     In  this   way  we   can   understand  the  actuil| 
variation  observed  in  the  average  respiratory  quotient  of  diff^*®*  | 
classes  of  animalSi  as  shown  in  the  follo\iniog  brief  table  (Lo<^' 

Horse,  herbivoroUA — R.Q.  =0."i60 
Sheep,  '*  "    -0,900 

Man.    ammvorouB        **    ^0.800 
Dog,    camivorouH        **    =0.750. 

In  starvation,  when  the  body  is  living  only  on  its  own  protP<o 
and  fat,  the  R.  Q.  is  much  lower  than  under  a  normal  diet  «f»^] 
its  large  proportion  of  carbohydrate.     By  a  determinAtioa^l 
the  respiratory  quotient  before  and  after  varying  certaio  f^l 
ditions  one  may  ascertain  whether  the  given  condition  ca^**| 
a  change  in  the  character  of  the  body  metabolism.     For  eu^?^; ' 
this  method  has  been  used  to  ascertain  whether  muscul&r  wi'^^ 
effects  any  change  in  the  nature  of  the  material  coasufn<?*i® 
the   body.     Experiments    made   upon    this  point  indicate  *^*M 
the  R.  Q,   is   not   changed  by   muscular  work  when  it  is  p"M 
excessive  or  prolonged.     Consequently  we  may  infer  thit  ^^  I 
same  kind  of  material,  sugar,  for  example,  is  oxidiaed  by**^j 
contracting  muscle   as   by  the   muscle   at   re^^t.     In  prdoupj 
or  fatiguing  muscular   work   the   R.  Q.    may  be  lowen 
probably  to  the  body  using  more  of  its  fat;  or  in  some  con 
it  may  be  raised,  owing  to  some  insufficiency  in  the  respif*^! 
and  circulatory  apparatus  in  furnishing  an  adequate  supply  ^ 
oxygen.     Under    certain    special     conditions     the    respir**^^  I 
quotient  may  exceed  unity  or  fall  distinctly  below  0.7.  -^^I 


i  value  over  unity  may  occur  temporarily  because  of  increased 
itiJation  of  the  alvenli*     Deeper  and   more  rapid  lireatliing 
^^e  out  some  of  the  COj  in  the  air  of  the  lunga  and  thus 
greatly  the  R.  Q.     As  previously  stated,  this  increase 


|driv 
Base 


"•Record  fdiotrinn  l^pi^  Cheynf 'Sinker!  ree]:)i ration,  {from   a  ca-^*  nf  aurhe  and 
mitnJ  tjuuffieieney  with  arterifi«oler(tj*i»).      The  time  record  giveH  seconds. 


s  m  itself  no  nutritional  significanee,  but  it  is  a  factor  that 
1st  be  allowed  for  in  .such  experiments*  A  more  suggestive 
Tease  of  the  R,  Q.  is  observed  during  convalescence.  In  this 
riod,  as  is  well  known,  an  individual  may  increase  in  weight 
>idly,  chiefly  frotu  the  laying  on  of  fat.  This  fat  is  made  in 
ge  part  probabI\^  from  the  carbohydrate  of  the  food.  An 
ygen-rich  food,  therefore,  is  converted  to  an  oxygen-poor  one, 
that  some  of  the  oxygen  must  be  split  off  partly  as  carl>on  dioxid, 
d  there  is  ji  larger  output  of  tins  substance  in  the  expired  air. 

Modified  Respiratory  Movements.— Laughing,  coughing^  yawn- 
5,  sneezing,  sobbing,  aufl  even  vonuting  may  be  considered 

modified  respiratoiy  movements,  since  the  same  group  of  miistdes 
TTies  into  play.  These  are  all  movements,  with  the  exception  of 
owning,  which  nuiy  he  regarded  as  refiexes  that  have  not  lung  to 
>  dii-ectly  with  the  processes  of  respiration.  A  most  interesting 
^tion  of  the  normal  type  of  respiration  is  known  as  the  Cheyne- 
tokes  respiration.  It  occurs  in  certain  pathological  conditions, 
ich  as  arteriosclerosis,  uremic  states,  fatty  degeneration  of  the 
^rt,  and  especially  imder  contlitious  of  increased  intracranial 
fissure.  It  is  characterized  hy  the  fact  that  the  respiratory 
lovemcnts  occur  in  groups  (10  to  *^0)  separated  by  apneic  pauses, 
aich  may  last  for  a  number  (30  to  40)  of  seconds.  After  each  pause 
^6  respirations  begin  with  a  small  movement,  gradually  increase 
^ft  maximum,  and  then  fall  off  gradually  to  the  point  of  complete 
*sation  (see  Fig,  282).  Gi^eat  variations,  however,  are  shown  in 
*c  character  and  number  of  the  respirations  during  the  so-ealled 
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clyspneic   phase.      From    observations    made    by    means  oi  ibe 
sphygoiomaoometer  Eyster*   has   shown    that    in    this  condiiian 
there  ai-e  also  rhytlimic  waves  of  hlood-pressure  (Traube-Hf^nnf 
waves),  and  according  to  the  relation  of  these  pressure  waves  to 
the  groups  of  respirations  the  Che}^ne-Stokes  cases  fall  into  tfo 
groups.     In  one  group  the  dyspneic  phase  coincides  with  a  faU 
of  blood-pi-essure  and  a  slowing  of  the  pulse- rate.    In  the  oth«r 
group  the  reverse  relations  hold,  the  blood-pressure  and  pube^^tt 
both  i-ising  during  the  dyspneic  phase  and  falling  during  the  apnet 
This  latter  group  consists  of  cases  in  which  there  is  evidence  of 
increased    intracranial    tension.     Under    experimental    oonditioos 
the  author  w^as  able  to  show  on  dogs  that  an  artificial  increase  in 
intracranial  tension  calls  forth  Cheyne-Stokes  respirations,  whcnr^'ff 
it  happens  that  rhythmic  changes  in  b!ood*pressure  are  product 
of  such  a  character  that  the  blood-pressure  rises  and  falls  aheraatek 
above  aud  below  the  line  of  intracranial  pressure.     It  is  probabki 
therefore,  that  in  the  cUnical  cases  associated  with  a  rise  of  intnr^ 
cranial  pressure  the  blood-pressure  likewise  rises  and  falls  aboie 
and  lielow  intracranial  tension,  and  that  the  alternating  pwiofc 
of  apnea  and  dyspnea  are  due  to  this  fact  in  this  class  of  cm 
When  the  bloorl-pies^ure   falls  below  intracranial  pressure  tbefti 
k  a  condition  of  deep  anemia  of  the  medulla  sufficient  to  sns^ 
the  activity  of  the  mspiratorv^  center.    The  following  rise  of  biooii' 
pressure  by  forcing  rar*re  blood  through  the  medulla  calls  forth  i 
group  of  respiratory  movements. 

By  examination  of  the  expired  air  Pembreyf  has  sh**^ 
that  during  the  flyspneic  phase  the  percentage  of  CO,  in  iJ* 
alveolar  air  is  markedly  diminished  (2  per  cent.)*  and  he  beli^vi*. 
therefore,  that  the  following  phase  of  apnea  is  due  entirely  t^ 
this  washing  out  of  the  CO^f  that  is,  to  the  removal  of  the  normi 
stinmlus  to  the  respiratory  center.  Practically  he  finds  thM 
the  apneic  phase  can  be  removed  by  the  administration  ^'f 
either  pure  oxygen  or  carbon  dioxid  (2,2  to  11,2  per  cent)* 
Pembrey  does  not  give  the  clinical  histories  of  his  patieuta,  l«* 
apparently  he  has  studied  cases  belonging  chiefly  to  Eystar'i 
first  group.  None  of  the  suggestions  made  at  present  seem  l^ 
account  adequately  for  the  very  labored  breathing  at  the  ifost 
of  the  dyspneic  phase,  and  the  phenomenon  evidently  require 
further  experimental  study, 

Mom  or  less  rhythmical  variations  in  the  strength  of  ^ 
breathing  movements  have  been  described  also  in  normal  fi^V- 
hibernation,  chloral  narcosis,  high  altitudes  etc.,  but  nothing  «> 
definite  and  characteristic  as  in  these  very  interesting  Chrjl*' 
Stokes  cases, 

•  Eyster,  "Jounmi  of  Experi mental  Medicine,"  1906. 

t  Pembrey,  ''Journul  of  Patholog>'  and  Bacteriology/*  12,  258^  1908, 
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CHAPTER  XXXIX. 
HOVEHENTS  OF  THE  ALIMENTARY  CANAL- 

Kastication. — ^Mastication  is  an  entirely  voluntary  act.  The 
rticulation  of  the  mandibles  with  the  skull  permits  a  variety  of 
K)vements;  the  jaw  may  be  raised  and  lowered,  may  be  projected 
nd  retracted,  or  may  be  moved  from  side  to  side,  or  various  com- 
ioations  of  these  different  directions  of  movement  may  be  effected. 
^  muscles  concerned  in  these  movements  and  their  innervation 
le  described  as  follows:  The  masseter,  temporal,  and  internal 
^goids  raise  the  jaw;  these  muscles  are  innervated  through  the 
rferior  maxillary  division  of  the  trigeminal.  The  jaw  is  depressed 
oainly  by  the  action  of  the  digastric  muscle,  assisted  in  some  cases 
fy  the  mylohyoid  and  the  geniohyoid.  The  two  former  receive 
Qotor  fibers  from  the  inferior  maxillary  division  of  the  fifth  cranial, 
be  last  from  a  branch  of  the  hypoglossal.  The  lateral  movements 
'  the  jaws  are  produced  by  the  external  pterygoids,  when  acting 
yparately.  Simultaneous  contraction  of  these  muscles  on  both 
Mes  causes  projection  of  the  lower  jaw.  In  this  latter  case  forcible 
efcmction  of  the  jaw  is  produced  by  the  contraction  of  a  part  of  the 
emporal  muscle.  The  external  pterygoids  also  receive  their  motor 
iberB  from  the  fifth  cranial  nerve,  through  its  inferior  maxillary 
Sviaion.  The  grinding  movements  commonly  used  in  masticating 
be  food  between  the  molar  teeth  are  produced  by  a  combination  of 
be  action  of  the  external  pteryogids,  the  elevators,  and  perhaps 
be  depressors.  At  the  same  time  the  movements  of  the  tongue 
Dd  of  the  muscles  of  the  cheeks  and  lips  serve  to  keep  the  food 
roperly  placed  for  the  action  of  the  teeth,  and  to  gather  it  into 
ootion  for  the  act  of  swallowing. 

Deglutition. — ^The  act  of  swallowing  is  a  complicated  reflex 
ovement  which  may  be  initiated  voluntarily,  but  is,  for  the  most 
irt,  completed  quite  independently  of  the  will.  The  classical 
scription  of  the  act  given  by  Magendie  divides  it  into  three  stages, 
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corresponding  to  the  three  anatomical  r^ions — ^mouth,  pbiynx, 
and  esophagns^throiigh  which  the  swallowed  morsel  passes  on  to 
way  to  the  stomach.     The  first  stage  consists  in  the  paiasagje  of  tte 
bolus  of  food  through  the  isthmus  of  the  fauces^ — that  is,  the 
opening  lying  between  the  ridges  formed  by  the  palatoglossa  muscka, 
the  so-called  anterior  pillars  of  the  fauces.     This  part,  of  the  act  ii 
usual  1\'  ascriV)ed  to  the  movemcDts  of  the  tongue  itself.    The  Wus 
of  food  lying  upon  its  upper  surface  is  forced  backward  by  the  efc- 
vation  of  the  tongue  against  the  soft  palate  from  the  tip  towiM 
the  base.    This  portion  of  the  movement  may  be  regarded  as  n»l- 
untar\%  to  the  extent  at  least  of  manipulating  the  food  into  its  projw 
position  on  the  dorsum  of  the  tongue,  although  it  is  open  to  douU 
whether  the  entire  movement  is  usually  effected  by  a  voluntarr 
act.     Under  normal  conditions  the  presence  of  moist  food  upon  tht 
tongue  s^eenis  essential  to  the  complete  execution  of  the  act;  anilan 
attempt  to  make  the  movement  with  ver>^  dr\^  material  upon  the 
tongue  is  either  not  successful  or  is  f>erformed  with  difficulty.    The 
second  act  comprises  the  passage  of  the  bolus  from  the  isthmus  d 
the  fauces  to  the  esophagus, — that  is,  its  transit  through  the  pi 
The  i>harynx  l>eing  a  common  passage  for  the  air  and  the  food,  it  it' 
important  that  this  part  of  the  act  shoidd  be  consununated  quicklt, 
Accorchng  to  the  older  description,  the  motor  power  driving  the 
bolus  downward  through  the  pharynx  is  derived  from  the  cootiw- 
tion  of  the  pharyngeal  muscles,  particularly  the  const rictore,  whieh 
contract  from  above  dowTiward  and  drive  the  food  into  theesophi- 
gns.     Kronecker  and  Meltzer,*  however^  have  shown  that  the  too- 
traction  of  the  mylohyoid  muscle  in  the  floor  of  the  mouth  is  ikf 
most  important  factor  in   this  act  of  shooting  the  food  suddaJj 
through  the  phar>'nx  into  the  esophagus.     The  contraction  of  tto 
muscle  marks  the  beginning  of  the  purely  involuntan-  part  of  the 
act  of  swallowing.     The  bolus  of  food  lies  upon  the  dorsum  of  thi 
tongue  and  by  the  pressure  of  the  front  of  the  tongue  against  tb* 
hard  palate  it  is  shut  off  from  the  front  part  of  the  mouth  ftvity* 
When  the  mylohyoids  contract  sharply  the  tK>lus  is  put  under  fW^ 
sure  and  is  shot  into  ami  through  the  pharv^nx.    This  effect  isiidrf 
by  the  contraction  of  the  hyoglossi  nmscles,  which  by  roo\ing  tta 
tongue  backward  and  do\\Tiward  tend  to  increase  the  preesui^  jw^ 
upon  the  food.     Simultaneously^  a  number  of  other  muscles  ait 
brought  into  action,  the  general  effect  of  winch  is  to  shut  off  thi 
nasal  and  lar^^ngeal  openings  and  thus  prevent  the   entninee  4\ 


i 


*  Krnnet'ker  and  Meltzer,  '' Archiv  f,  Pliys^iolrttne/"  1883,  suppl. 
p.  328;  also  " Journal  of  Ex neri mental  Medkniie,  2,  453,  1897,  Fori 
work,  consiult  Cannon  and  Moser,  '*  American  Journal  of  PhysBok©'*"  ^1 
435,  1898;  Schreil^r,  ^'Arrhiv  f,  exper  Pathol  u.  Pliiurmakologir,  **  ^  1 
414,  1901;  and  Evknian,  *'Arrhjv  f.  die  gesammte  Physiolccie, "  99,  $131 1 
1903  ■ 
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to  the  corresponding  cavities.  The  whole  reflex  is  there- 
.  excellent  example  of  a  finely  co-ordinated  movement, 
following  events  are  described:  The  mouth  cavity  is  shut 
he  position  of  the  tongue  against  the  palate  and  by  the  con- 
L  of  the  muscles  of  the  anterior  pillars  of  the  fauces.  The 
;  into  the  nasal  cavity  is  closed  by  the  elevation  of  the  soft 
[action  of  the  levator  palati  and  tensor  palati  muscles)  and 
traction  of  the  posterior  pillars  of  the  fauces  (palatopharyn- 
iscles)  and  the  elevation  of  the  uvula  (azygos  uvuIjb  muscle). 
:t  palate,  uvula,  and  posterior  pillars  thus  form  a  sloping 
shutting  ofif  the  nasal  chamber  and  facilitating  the  passage  of 
i  backward  through  the  pharynx.  The  respiratory  opening 
\  lar3mx  is  closed  by  the  adduction  of  the  vocal  cords  (lateral 
jrtenoids  and  constrictors  of  the  glottis)  and  by  the  strong 
»n  of  the  entire  larynx  and  a  depression  of  the  epiglottis  over 
nx  (action  of  the  thyrohyoids,  digastrics,  geniohyoids,  and 
oids  and  the  muscles  in  the  aryteno-epiglottidean  folds), 
levation  of  the  larynx  be  prevented  by  fixation  of  the  thy- 
3  act  of  swallowing  becomes  impossible.  There  is  also  at 
le,  apparently  as  a  regular  part  of  the  swallowing  reflex, 
t  inspiratory  movement  of  the  diaphragm,  the  so-called 
ing  respiration.  The  movements  of  the  epiglottis  during 
ge  of  swallowing  have  been  much  discussed.  The  usual 
that  it  is  pressed  down  upon  the  laryngeal  orifice  like  the  lid 
c  and  thus  effectually  protects  the  respiratory  passage.  It 
n  shown,  however,  that  removal  of  the  epiglottis  does  not 
normal  swallowing,  and  Stuart  and  McCormick*  have 
1  the  case  of  a  man  in  whom  part  of  the  pharynx  had  been 
ently  removed  by  surgical  operation  and  in  whom  the 
is  could  be  seen  during  the  act  of  swallowing.  In  this 
lal,  according  to  their  observations,  the  epiglottis  was  not 
»ack  dming  swallowing,  but  remained  erect.  Kanthack  and 
►nt  state  that  in  normal  individuals  the  movement  of  the 
is  backward  during  swallowing  may  be  felt  by  simply  passing 
JT  back  into  the  pharynx  until  it  comes  into  contact  with  the 
is.  According  to  most  observers,  it  is  not  necessary  for 
bection  of  the  larynx  that  the  epiglottis  shall  be  actually 
lown  over  it  by  the  contraction  of  its  own  muscles.  The 
lifting  of  the  larynx,  together  with  the  descent  of  the  base 
»ngue,  effects  the  same  result  by  mechanically  crowding  the 
gether,  and  the  larynx  is  still  further  guarded  by  the  ap- 
tion  of  the  false  and  true  vocal  cords,  thus  closing  the  glottis. 
>le  act  is  very  rapid  as  well  as  complex,  so  that  not  more 

♦  "Journal   of   Anatomy   and   Physiology, "    1892. 
t  "Journal  of  Physiology,"  14,  154,  1893. 
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than  a  second  elapses  between  the  beginning  of  the  contiBctioiii  d 
the  mylohyoids  and  the  entrance  of  the  food  into  the  upper  end  oil 
the  esophagus. 

The  passage  of  the  food  through  the  esophagus  differs  appare&ttr  I 
\^ith  its  consistency.     When  the  food  is  liquid  or  ver>^  soft  Kroa 
and  Meltzer  have  shown  that  it  is  shot  through  the  whole  length  c 
the  esophagus  by  the  force  of  the  initial  act  of  sw^allowiiig.   It 
arrives  at  the  lower  end  of  the  esophagus  in  about  0.1  sec,»  &ndi»T 
pass  immediately  into  the  stomach  or  may  lie  some  moments  in  tft 
esophagus  according  to  the  conditions  of  the  sphincter  guartol 
the  cardiac  orifice.     When,  however^  the  food  is  solid  or  senn- 
solid,  ajs  was  shown  by  Cannon  and  Moser,  it  is  forced  down  the 
esophagus  by  a  peristaltic  movement  of  the  musculature,   Tfcic 
circular  muscles  are  constricted  from  above  downward  by  ao  **i- 
vancing  muscular  wave,  while  the  longitudinal  muscles  oontnrt 
probably  somewhat  in  advance  of  this  wave  so  as  to  dilate  the  tube 
and  facilitate  the  passage  of  the  holns.     The  upper  portion  d  tie 
esophagus  contains  cross-striated  fibers  indicating  rapid  contrttrtioiB;j' 
the  lower  end  consists  of  plain  muscle  only,  w^hile  the  int 
portion  is  a  mLMture  of  the  two  varieties.     Kronecker  and  Md 
believe  that  each  of  these  segments  contracts  as  a  whole  asd  i 
orderly  succession,  but  other  obser\'ers,  on  the  evidence 
by  Roentgen-ray  photographs,  agree  that  there  is  no  percep 
pause  in  the  downward  movement  of  the  wave  of  contraction. 
same  movements  occur  in  the  swallowing  of  liquid  or  soft  food,  1 
in  such  cases  the  peristaltic  wave  follows  the  actual  descent  oil 
food.    According  to  the  observ^ation  of  Kronecker  and  MeJt«er»i 
takes  about  6  sec,  for  the  peristaltic  w^ave  to  reach  the  sioznwkrj 
and  the  passage  of  the  food  through  the  cardia  takes  place ' 
sufficient  energ>'  to  give  rise  to  a  mummr  that  may  be  beard  i 
auscultating  over  this  region.     In  the  case  of  the  more  liquid  fen 
that  is  shot  at  once  to  the  lower  end  of  the  esophagus,  It  i 
apparently  pass  at  once  into  the  stomach  or  it  niay  lie  in 
esophagus  until  the  wave  of  contraction  reaches  it  (6  sec,) 
forces  it  through  the  opening.      According  to  the  obeerniti 
made  by  Hertz,*  liquids  or  liquid  food  are  held  up  at  the  i 
of  the  esophagus  and  ptiss  slowly  into  the  stomach  through  ^ 
sphincter.       He  estimates  that  an  interval  of  from  4,6  to 
sec.  elapses  before  the  swallowed  bolus  disappears  into  the  i 
ach,   about   one-half  of  this  time  being   occupied  by  the 
sage  to  the  bottom  of  the  esophagus  and  one-half  in  ihej 
sit  through  the  tuirdiac  orifice  of  the  stomach.     At  the 
or  cardiac  orifice  the  circular  layer  of  muscles  acts  as  a 
ter  which  is  normally  in  a  condition  of  tone,  particularly 
the  stomach  con  trains  food.     The  advancing  wave  of  coiiti 
•  Hertz,  "Guy's  Hospital  Reporto,"  dl,  389,  1907, 
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receded  by  a  phase  or  wave  of  inhibition  which  reaches  the 
iac  sphincter  before  the  contraction  and  indeed,  according  to 
ion,  spreads  over  the  adjacent  region  of  the  stomach.  In 
way  the  path  is  cleared,  so  to  speak,  for  the  bolus,  and  the 
J  of  contraction  squeezes  it  through  the  relaxed  orifice  without 
^ce. 

exTOttS  Control  of  Deglutition.— The  entire  act  of  swallowing, 
8  been  said,  is  essentially  a  reflex  act.  Even  the  comparatively 
le  wave  of  contraction  that  sweeps  over  the  esophagus  is  due 
reflex  nervous  stimulation,  and  is  not  a  simple  conduction  of 
action  from  one  portion  of  the  tube  to  another.  This  fact  was 
instrated  by  the  experiments  of  Mosso,*  who  found  that  after 
val  of  an  entire  segment  from  the  esophagus  the  peristaltic 
passed  in  due  time  to  the  portion  of  the  esophagus  left  on  the 
Msh  side,  in  spite  of  the  anatomical  break.    The  same  experi- 

was  performed  successfully  on  rabbits  by  Kronecker  and 
ler.  Observation  of  the  stomach  end  of  the  esophagus  in  this 
al  showed  that  it  went  into  contraction  two  seconds  after  the 
ining  of  a  swallowing  act  whether  the  esophagus  was  intact  or 
jd  or  completely  divided  by  a  transverse  incision.     A  still 

striking  proof  of  the  same  fact  is  the  interesting  case  cited 
.  Mikulicz  of  a  man  in  whom  a  portion  of  the  esophagus 
been  resected  on  account  of  a  carcinoma.  The  lower  end 
e  esophagus  was  given  a  fistulous  opening  in  the  neck  and 
it  was  found  that  food  introduced  into  this  opening  was 
Qoved  toward  the  stomach  until  the  patient  made  a  swallow- 
novement.f  The  afferent  nerves  concerned  in  this  reflex 
he  sensory  fibers  to  the  mucous  membrane  of  the  pharynx 
esophagus,  including  branches  of  the  glossopharyngeal, 
minal,  vagus,  and  superior  laryngeal  division  of  the  vagus. 
icial  stimulation  of  this  last  nerve  in  the  lower  animals 
own  to  produce  swallowing  movements.     Several  observers 

attempted  to  determine  the  precise  area  or  areas  in  the 
yngeal  membrane  from  which  the  sensory  impulses  lib- 
ng  the  reflex  normally  start.     According  to  Kahn,t  the 

effective  areas  from  whose  stimulation  the  reflex  may  be 
iced  vary  in  location  in  different  animals.  In  the  rabbit  the 
:  is  originated  most  easily  by  stimulation  at  the  entrance  to 
(harynx — ^the  soft  palate — along  the  line  extending  from  the 
fior  edge  of  the  hard  palate  to  the  tonsils  (superior  maxil- 
branch  of  trigeminal);  in  the  dog  irritation  of  the  posterior 
nogeal  wall  is  most  effective  (glossopharyngeal  nerve);  in 
ceys  the  area  is  approximately  as  in  rabbits, — that  is,  in  the 

*  Moleschott's  "Untersuchungen/'  1876,  volume  xi. 

t  Quoted  from  Cohnheim  in  Nagers  "Handbuch  d.  Physiologie." 

X  JCahn,  *'Archiv  f.  Physiologie,'' 1903,  suppl.  volume,  386. 
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region  of  the  tonsils.  The  motor  fibers  roneemed  m  tbettSei| 
comprise  the  hypoglossal,  the  trigeminal,  the  gloasopharysgeil I 
the  vagus,  and  the  spinal  accessory.  For  an  act  of  such  compl^sitT  i 
and  such  perfect  coH3rdination  it  has  been  assumed  that  therpi*^! 
special  ner\^e  center,  the  swallowing  or  deglutition  center,  wWrbiaij 
been  located  in  the  niedulla  at  the  level  of  the  origin  of  the  vip-l 
There  is  little  positive  knowledge,  however,  concerning  the extstadl 
of  this  center  as  a  definite  group  of  interinedian^  nen'e  celk,4ftii| 
the  type  of  the  vasoconstrictor  or  respirator}'  center*  which  «pl| 
their  axons  to  the  motor  nuclei  of  the  several  eflFerent  nen^e? « 
eerned.  As  in  the  case  of  other  complicated  reflex  acts,  we  canofllf  | 
say  that  the  deglutition  reflex  is  controlled  by  a  definite  i 
mechanism  the  final  motor  cells  of  which  are  scattered  in  thesertnll 
motor  nuclei  of  th(*  efferent  nerves  mentionetl  alx)ve. 

So  far  as  the  esophagus  is  concerned,  the  motor  fibci>  i»j 
received  from  the  vagus,  and  in  normal  s\valloT;\ing  these  filters  i»f  I 
ex<*ited  reflexly  from  the  pharynx  at  the  beginning  of  tbt-  s(t| 
That  is  to  say,  the  iiutiul  sensorj^  stimulus  io  the  phar>T 
a  series  of  reflex  movements  which  begin  \^ith  the  contrii' 
mylohyoid  muscle  and  end  \^ith  a  peristaltic  wave  thaT 
in  orderly  ffishion  along  the  esophagus.  It  has  Xmn 
however,  that  the  IkjIus  w^ien  it  reaches  the  esophagus  may^tirt^ 
a  different  order  of  reflexes  by  local  stimulation  of  the  sc^n 
These  stimuli  lead  to  reflex  contraction  of  the  muscuiai . 
the  1k>1us,  and  thus  a  series  of  reflexes  are  liberated  which  iire  • 
cient  to  move  the  bolus  dow^nwarcl  If  for  any  reason  the  prims^I 
reflex  initiat+^l  at  the  beginning  of  the  swallow^  fails  or  pp»v<f«^| 
efficient,  it  may  be  assumed  that  this  seconflar>"  or  acce- 
aiiism  comes  into  play  and  provides  for  the  transportivv. 
bolus.  In  this  series  of  secondary  reflexes,  as  in  the  more  < 
cated  ]>rimar}'  reflex,  the  vagus  ner%^e  forms  a  part  of  the  paths 
the  reflex  centi  r  lies,  therefore,  in  the  medulla. 

With  regard  to  the  sphincter  nuiscle  guarding  the  cardiar  *»nfif'rl 
it  is  statett  that  it  receives  lx)th  motor  and  inhibitor}*  ff^^"'-  '^^T 
the  vagus  and  also  inhibitory  filjers  from  the  s^Tupai 
nomic  system  Ivy  way  of  the  celiac  ganglion.     In  a*!; 
supphed  from  the  intrinsic  plexiis,  plexus  of  Auerbachj  v 
as  elsewhere,  in  the  alimentary  canal  seems  to  be  capable  oi  i 
fating  the  movement.'^  of  the  musculature  independejitly  d  ^ 
extrinsic  nerves.     The  relaxation  or  inliibition  of  the  toocoll 
sphincter   which   takes  place   liefore  each   descending 
wave  is  effected  through  the  vagus  fibers.     The  tonic 
of  the  sphincter  which  occurs  when  the  stomach  contains  food  i 
serves  to  shut  tlie  gastric  caidty  off  from  the  es<iphagUB  isi 
tained,  according  to  Cannon,*  chiefly  by  a  reflex  ihrm 
♦Cannon,  "The  Mwhanical  Factors  of  Digest iou,*'  1911- 
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rinsic  plexus  of  nerves,  the  stimulus  initiating  the  reflex  being 
e  to  the  acidity  of  the  gastric  contents. 

The  Anatomy  of  the  Stomach. — ^The  stomach  in  man  belongs 
the  simple  type  as  distinguished  from  the  compoimd  stomachs 
some  of  the  other  mammalia, — ^the  ruminating  animals,  for 
ample.  Physiological  and  histological  investigations  have  shown, 
wever,  that  the  so-called  simple  stomachs  are  divided  into  parts 
It  have  different  properties  and  functions.  The  names  and  boimd- 
fiB  of  these  parts  can  not  be  stated  precisely,  since  they  vary  in 
Twent  animals,  and,  moreover,  there  is  some  want  of  agree- 
snt  among  different  authors  regarding  the  nomenclature  of 
5  parts  of  the  stomach.*  For  the  purposes  of  a  physiological 
seription  we  may  use  the  names  indicated  in  the  accompany- 
l  schematic  figure.  The  main  interest  lies  in  the  separation  of 
5  pyloric  part  of  the  stomach  or  antrum  pylori  from  the  main 
rity  of  the  stomach.  The  line  of  separation  is  marked  by  a 
ure  on  the  small  curvature,  incisura  angularis  (/.A.),  and  on  the 
ge  curvature  by  an  abrupt  change  of  direction.    The  pyloric  part 


or  tiittntnt  ffylon 


Pomttwiof 


Fundus 


Jntermedimie  pr 
prefiylorie  reficn. 

2S3.-H9eheinfttic  figure  to  show  the  different  parts  of  the  ftomach. — (After  gflfrfcu.) 

kes  an  angle,  therefore,  with  the  body  of  the  stomach,  and  differs 
m  the  latter  in  its  musculature,  the  macroscopical  and  microscop- 
I  characteristics  of  its  mucous  membrane,  and  in  its  functional 
)ortance.  Some  writers  divide  the  antrum  further  into  a 
one  vestibule,  forming  the  larger  part  of  the  antrum,  and  a 
one  canal,  consisting  of  the  narrower  tube-like  portion  which 
nects  with  the  duodenum.  The  pyloric  canal  is  short,  about 
m.,  and  is  more  marked  as  a  separate  structure  in  the  stomach 
^oung  children.  The  rest  of  the  stomach  falls  into  two  sub- 
isions,  the  fimdus  and  the  corpus  or  body.  The  fundus  is  the 
d,  rounded  end  of  the  stomach  to  the  left  of  the  cardia,  or,  in 
ertical  position  of  the  stomach,  the  portion  that  lies  above  a 
iontal  plane  passing  through  the  cardia;  the  portion  between 

'  See  His,  "Archiv  f.  Anatomic,"  1903.  p.  345;  also  Cunningham,  "Trans- 
118  of  the  Royal  Society  of  Edinburgh,^'  45,  9, 1905-06. 


708 


PHYBIOLOflY    OF    DIGESTION    AND    SECRETION. 


the  fundus  and  the  pyloriLs  i.s  the  liody  of  the  stomacb  or  ik^ 
intermediate  or  prepyloric  reg^ion.  This  latter  region  sbowiia 
many  animals  a  characteristic  .structure  in  its  secreting  gUnib 
and  it  is  in  this  portion  that  the  hydrochloric  acid  of  the  paXnc 
juice  is  mainly  secreted. 

The  MuscidniuTe    of   iJie   Stotnach. — The  musculature  of  tli 
stomach  is  usually  divided  into  three  layers,— a  loogitudiBftl,  w  j 
oblique,  and  a  circular  coat.     The  longitudlmil  coat  is  oontifliwai 
at  the  cardia  with  the  longitudinal  fibers  of  the  esophagus;  it  spmk 
out  from  this  point  along  the  length  of  the  stomach,  forming  a  l>Yff  i 
of  var>4ng  thickness ;    along  the  curvatures  the  layer  is  stna^gB*  1 
than  on  the  front  and  posterior  surfaces,  while  at  the  pyloric  endil 
increases  considerably  in  thickness,  and  passes  over  the  pylonul* 
be  eontiniied  directly  into  the  longitudinal  coat  of  the  duoctoUB' 
The  layer  of  obhque  fibers  Is  quite  incomplete;    it  seems  total 
continuous  with  the  circular  fibera  of  the  esophagus,  and  8f«*  | 
out  from  the  cardia  for  a  certain  distance  over  the  front  and  portcfta 
surfaces  of  the  fundus  of  the  stomach,  but  toward  the  pyloric  ed 
disappears,  seeming  to  pass  into  the  circular  fibers.     The  cimik 
coat,  wliich  is  placed  between  the  two  preceding  layers,  is  the  tH^' 
est  and  most  important  part  of  the  musculature  of  the  stomtA 
At  the  fundus  the  circular  bands  are  tlun  and  somewhat  loca^f 
placed,  but  toward  the  pyloric  end  they  increase  much  in  thidoM 
forming  a  strong,  muscular  mass,  %vhich,  as  we  shall  see,  ptm  tta 
most  important  part  in  the  movements  of  the  stomach.    At  tb 
pylorus  itself  a  spt^cial  development  of  this  layer  functions  a** 
sphincter  pylori,  which  with  the  aid  of  a  circular  fold  of  the  mucfltf 
membrane  makes  it  possible  to  shut  off  the  duodenum  coniplet«f 
from  the  cavity  of  the  stomach.     The  line  of  separation  betire* , 
the  antrum  pylori  and  the  body  of  the  stomach  is  made  h;  *  1 
special  thickening  of  the  circular  fibers  which  forms  a  strueWj 
known  as  the  ** transverse  band"  by  the  older  ^Titers.*  aiil <l^| 
scribed  more  recently t  as  the  ** sphincter  antri  pyloricL"    V^i 
certain  comlitions,  sucli  as  vomiting,  stimulation  of  the  t^d^I 
etc,  this  sphincter  may  be  eoutrarted  with  such  force  iWti»^] 
arate  the  antrum  entirely  from  the  fundic  end  of  the  stonucb. 

The  Movements  of  the  Stomach.— The  solid  food  remMtfi^j 
the  stoimich  for  several  hours,  and  during  this  time  the  rauscuUP*! 
contracts  in  such  a  way  that  the  thinner  portions  as  thev  are  fofOii* I 
by  digestion  are  ejected  from  time  to  time  through  the  pyloruiJniil 
the  intestine.  Except  at  the  definite  intervals  when  the  pyk**! 
spliincter  relaxes  the  food  is  entirely  shut  off  from  the  rest  of  ^i 
alimentary  canal  by  the  tonic  closure  of  the  sphincters  at  thecswj 


*  Sec  Beaumont  J  '*PhysioIo|?y  of  Di^ 
t  Hofmeister  imd  iicUtiU,  ^'Archiv 
pgie,"  1886,  vol.  XX. 


sstion»"  second  edition,  IM' p  ^l 
exper.  Pathologte  untl  Plianmi*'! 
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and  the  pylorus.    There  is  a  certain  orderliness  in  the  movements 
of  the  stomachy  and  especially  in  the  separation  and  ejection  of  the 
more  liquid  from  the  solid  parts,  which  shows  the  existence  of  a 
^       specially  adapted  mechanism.  These  movements  have  been  studied 
^      by  many  investigators,  making  use  of  various  experimental  meth- 
|.      ods.    The  first  noteworthy  contributions  to  this  subject  were 
t     ^ose  made  in  this  country  by  Beaumont  in  his  famous  observations 
--:      upon  Alexis  St.  Martin,  the  Canadian  voyageur,  who  had  a  per- 
^      manent  fistulous  opening  in  his  stomach  as  the  result  of  a  gunshot 
^     wound.*    In  recent  years  the  subject  has  been  studied  with  great 
success  by  means  of  the  x-rays,  t  on  the  excised  stomach,  {  and  by 
means  of  tambours  or  sounds  introduced  into  the  stomach  to 
measure  the  pressure  changes.  §    These  researches  all  unite  in  em- 
phasizing one  fundamental  point — namely,  that  the  fundic  end 
rf  the  stomach  is  not  actively  concerned  in  these  movements,  but 
I     ftrves  rather  as  a  reservoir  for  retaining  the  bulk  of  the  food,  while 
^      the  muscular  pyloric  region  is  the  apparatus  which  triturates  and 
^      macerates  the  food  and  forces  it  out  from  time  to  time  into  the 
f     duodenum.     According  to  the  observations  made  with  the  x-ray 
■.      4>paratuSy  movements  begin  a  few  minutes  after  the  entrance  of 
\     food  into  the  stomach.    Small  contractions  start  in  the  middle 
iGgion  of  the  stomach  and  run  toward  the  pylorus.    These  moving 
Waves  of  contraction  appear  at  regular  intervals.    The  pyloric 
portion  becomes  lengthened  and  it  may  be  noticed  that  in  this 
i^^n  the  peristaltic  waves  become  more  and  more  forcible  as 
digestion  progresses.    These  running  waves  or  rings  of  contraction 
•erve  to  press  the  stomach  contents  against  the  pylorus.     According 
to  Cannon,  they  occur  in  the  cat  at  intervals  of  10  seconds  and  each 
-  ^ve  requires  about  20  seconds  to  reach  the  pylorus.     While  in 
kuman  beings,  to  judge  from  the  sounds  which  may  be  heard  upon 
Musculation  when  food  mixed  with  air  is  given,  they  occur  at  intervals 
^  about  20  seconds.     The  obvious  result  of  these  movements  is  to 
**&  the  food  thoroughly,  in  the  intermediate  and  pyloric  portions 
'^the  stomach,  with  the  acid  gastric  juice  and  to  reduce  it  to  a  thin, 
^^uid  mass, — the  chyme.     At  certain  intervals  the  pyloric  sphincter 
^'tiaxes  and  the  contraction  wave  squeezes  some  of  the  fluid  con- 
^^ts  into  the  duodenum  with  considerable  force.    The  mechanism 
Controlling  the  relaxation  of  this  sphincter  is  obscure.     It  does  not 
JHscur  with  the  approach  of  each  contraction  wave,  but  at  irregular 
^tervals.    Cannon  connects  it  in  part  with  the  consistency  of  the 
't)od,  but  mainly  with  the  effect  of  the  hydrochloric  acid  in  the 

•See  OsIct,  "Journal  of  the  American  Medical  Association,"  Nov.  15, 
^IW2,  for  life  of  Beaumont  and  account  of  his  work. 

t  See  Cannon,  "American  Journal  of  Physiology,"  1,  359,  1898;  and  Roux 
^^ad  Balthaaard,  "Archives  de  Physiologie,''^  10,  85,  1898. 

t  Hofmeister  and  Schiitz,  foe.  cit. 

{  Moritz,  "Zeitschrift  f.  Biologic,"  32,  359,  1895. 
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gastrin  secretion.  Solid  objects  forceci  afi;ainst  the  pylonin  p 
relaxation  and  retard  the  passage  of  the  chyme  into  the  Itit 
When  liquid  food  alone  is  taken  into  the  stomach  numero 
servations,  made  by  means  of  intestinal  fistulas,  prove  th 
material  may  l>e  forcal  into  the  duodenum  within  a  few  in 
Hydrochloric  acid  in  the  stomach  seems  to  favor  or  prtu 
relaxation  of  the  pyloric  sphincter*  while  in  the  duodenum, 
contraiy,  it  cause??  a  contraction  of  the  sphincter.  In  this 
may  be  imagined  that  after  each  ejection  of  acid  chyme  the  i 
ter  is  kept  ckjsed  until  the  acid  material  in  the  duodenum  bs 
ized,  and  so,  automatically,  a  mechanism  is  provided  by  m 
which  the  duodenum  is  charged  at  intervals  and  at  such  tini 
is  prepared  to  receive  and  neutralize  a  new  quantity  of  the 
According  to  this  description,  the  portion  of  the  food  towi 
pyloric  end  of  the  stomach  is  the  first  to  be  thoroughly  raix^ 
the  gjistric  juice,  and  to  be  broken  down  partly  by  digest! 
partly  by  the  mcclianical  action  of  the  contractions.  This  | 
as  it  is  liquefied  J  is  expelled,  and  its  place  is  taken  by  newn 
forced  forward  from  the  fundic  end.  It  would  seem  that  thi 
portion  of  the  stomach  is  in  a  condition  of  tone,  and  the  p 
thus  put  upon  the  contents  is  sufficient  to  force  them  slowly 
the  pyloric  end  as  this  becomes  emptied.  The  older  view  w 
the  contonts  of  the  stomach  are  kept  in  a  general  rotary  moi 
so  as  to  become  more  or  less  uniformly  mixed;  liut  Caiman^s 
vations,  and  also  those  of  Gnitzner/  indicate  that  the  nuiV 
the  fundic  end  may  remain  untlisturbed  for  a  long  time  an 
escape  mixture  with  the  acid  gastric  juice,  so  far  at  leaM 

interior  of  the  mass  is  com 

.     I     ^^^  This  fact  is  of  importanee  i 

I    ^-^^'^^^^^^^       nection  with  the  salivary  dij 

[     \  ]  ^^      of    the  starchy  foods.    Obi 

^•^^^^/^  ^M      salivary  digestion  may  prod 

^^^^^f  V  ^^V      a  time  in  the  fundic  end  i 

^^^^H^  ^^^m        being  a^ected  by  the  acid 

^^^^^^^^^^^^^^^  stomach,     Grutzner  fed 

^^^^^^Hj^^^^  food  of  different  colors 

^^^^^^^^  that  the  successive 

arranged    in    definite 

food   first   taken    lay   next 

walls   of   the   stomach,   whi 

succeeding  portions  were  ar 

regularly  in  the  interior  in 

centric   fash i on ,    as  shown 

figure.     Such  an  arrangement  of  the  food  is  more  readily  undi 

when  one  recalls  that  the  stomac*h  has  never  Kixy  empt} 

•  Grutzner,  "Archiv  f,  die  gesaniiiite  Physiologic/^  106»  463,  \% 


Fig.  284. — Sect[t>n  of  frozen 
Htontach  of  mt  during  dise^tioa  to 
show  (he  Rtratiiication  of  locid  given 
•t  rj iff e rent  times.— (Gr»ii«»flr,)  Tho 
food  way  iriven  in  thn?c  portions  mnd 
coin  red  diffefeiiilv:  first*  hlaek;  nee- 
ond,  white  ^indiented  by  vertical 
itiarking);  third*  red  (maicated  by 
truLsvense    markiDs)' 
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thin;  its  cavity  is  only  as  large  as  its  contents,  so  that  the 
Bt  portion  of  food  eaten  entirely  fills  it  and  successive  por- 
)D8  find  the  wall  layer  occupied  and  are  therefore  received 
to  the  interior.  The  ingestion  of  much  liquid  must  interfere 
mewhat  with  this  stratification.  Cannon*  has  reported  some 
tereeting  experiments  upon  the  relative  duration  of  gastric 
gestion  for  carbohydrates,  proteins,  and  fats  when  fed  separately 
id  combined.  The  foods  were  mixed  with  subnitrate  of  bismuth 
id  their  position  in  the  stomach  and  passage  into  the  intestine 
ere  watched  by  means  of  the  Roentgen  rays.  It  was  found  that 
urbohydrate  food  begins  to  pass  out  from  the  stomach  soon  after 
^ion,  and  requires  only  about  one-half  as  much  time  as  the  pro- 
sios  for  complete  gastric  digestion.  Fats  remain  long  in  the 
omach  when  taken  alone,  and  when  combined  with  the  other 
odstuffs  markedly  delay  their  exit  through  the  pylorus.  This 
»lanct  difference  in  the  main  foodstuffs  can  hardly  be  referred  to 
fire  mechanical  consistency,  since  the  fats  are  liquefied  by  the 
at  of  the  body.  Cannon  has  shown  that  this  regulation  is  not 
fected  through  the  agency  of  the  extrinsic  nerves.  After  section  of 
lesplanchnics  and  vagi  the  difference  in  time  between  the  ejection 
■  carbohydrate  and  protein  material  still  exists,  so  that  the  con- 
ol  in  this  matter  must  be  exerted  through  some  local  mechanism 
the  stomach  itself.  If,  in  a  given  diet,  the  carbohydrate  is  fed 
sfore  the  protein,  the  former,  having  the  position  of  advantage 
'Ward  the  pyloric  end,  will  be  ejected  promptly  into  the  intestine, 
Ule  the  protein  is  retained  for  gastric  digestion.  If  the  order  is 
versed  and  the  protein  is  fed  first,  the  passage  of  the  carbohydrate 
it  of  the  stomach  will  be  retarded.  This  author  has  also  reported 
imerous  interesting  experiments,  of  medical  and  surgical  interest, 
uch  indicate  that  the  motor  activity  of  both  stomach  and  intes- 
»8  may  be  greatly  depressed  by  certain  conditions,  especially 
mechanical  handling  or  by  conditions  of  general  asthenia. 
Regarding  the  general  mechanism  of  the  stomach,  it  may  be 
bted  out  that  it  forms  an  admirably  adapted  apparatus  for 
dving  at  once,  or  within  a  short  period,  a  large  amount  of  food 
ich  it  reduces  to  a  liquid  or  semiliquid  condition,  partly  by 
^ion,  partly  mechanically,  and  that  it  charges  the  intestine 
intervals  with  small  amounts  of  this  chyme  in  such  a  condition 
to  admit  of  rapid  digestion.  It  seems  obvious  that  without  the 
mach  our  mode  of  eating  would  have  to  be  changed,  as  it  would 
be  possible  to  load  the  intestine  rapidly  with  a  large  supply  of 
d  such  as  is  consumed  at  an  ordinary  meal. 

*  Cannon,  "American  Journal  of  Physiolog>',"  12,  387,  1904.  For  a 
ral  review  of  Cannon's  work,  see  "American  Journal  of  the  Medical 
aces,"  April,  1906. 
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The   Relation  of   the   Herves  to  the    Movements  of  tki 

Stomach, — ^The  stomarli  receives  nerve  fi}_>ers  from  two  sourn'?,^ 
the  vagi  Lind  the  splanchnics, — hnt  its  orderly  movements  aremi^n^ 
regulated  through  these  extrinsic  fibers;  it  is  essentially  anaiaifrl 
matic  organ.    Thus,  it  has  been  shown  that  the  excised  5tomai  | 
(Hofmeister  and  Schutz),  when  kept  warm,  continues  t. 
regular  mo%^ements  which,  if  not  identical  ^ith  those  obet . 
normal  conditions,  have  at  least  an  orderly  sequence.    Soaisortj 
would  appear  from  the  results  of  several  observers  ♦  that  ^a^tricj 
digestion  may  proceed  normally  lx)th  as  regards  secretion  tsdl 
movements  after  section  of  the  extrinsic  nerves*     We  may  trp^l 
the  stomach,  considered  us  a  motor  mechanism,  as  an  autoiruitk  j 
organ  hke  the  heart*     It^  stimuli  to  movement  arise  within  it*«!. 
but  these  movements  are  regulated  by  the  action  of  the  cxtmsf  | 
nerve  fibei-s  so  as  to  adapt  them  to  var>*ing  contiitions,    Wietkj 
the  automaticity  is  a  property  of  the  plain  muscle  tissue  it^fl 
depends  upon  the  rich  supply  of  intrinsic  nerve  ganglia  (plcxumi 
Meissner  and  Aijerbach)|  is  a  question  that  cannot  be 
definitely  at  present.     The  extrinsic  nerv^es  not  only  supply tw] 
stomach  with  efferent  fibers,  motor  and  secretory,  but  alRi  ^'^! 
afferent  fibers  from  the  stomach  to  the  central  nervous  sy^te'Ci^ 
Regarding  the  pmely  efferent  action  of  the  extrinsic  nerve?  -^ 
results  of  numerous  experiments  seem  to  show  quite  conclu.n*iTiy  j 
that  in  general  the  fibers  received  along  the  vagus  path  are  motor, 
artificial  stimulation  of  tliem  causing  more  or  less  well-mark^l  ^^<' 
tractions  of  part  or  all  of  the  musculature  of  the  stomach-  It  I 
been  shown  that  the  sphincter  pylori  as  w  ell  as  the  rest  of  the  i 
lature  is  supplied  by  motor  fibers  from  these  nerv^es.    The  fit^sl 
cominn^  through  the  splanchnics,  on  the  contrar>\  are  mainly  mb^j 
ito^l^     When  stimulated  they  cause  a  dilatation  of  the  coclntit«sij 
stomach  and  a  relaxation  of  the  sphincter  pylori.     Some  ( 
have  reported  experiments  which  seem  to  show*  that  this : 
separation  of  the  motor  and  inhilntory  fibers  is  not  complete;  thtf  1 
some  inhibitor^'  fibers  may  l>e  found  in  the  vagi  and  some  root* 
fibers  in  the  splanchnics.    The  anatomical  courses  of  these  fil**  1 
are  insufficiently  known,  hut  there  seems  to  be  no  question  ai  Uitkf  ] 
existrence  of  the  two  physiological  varieties.    Through  their  a^-tivtijt 
without  doubt,  the  movements  of  the  stomach  may  be  infiucacfi] 
favorably  or  unfavorably,  by  conditions  directly  or  indirectly  a 
ing  the  central  nervous  system.     Wertheinier  f  ha8  diown  < 
mentally  that  stimnlation  of  the  central  end  of  tlie  sciatic  or  4*1 
vagus  nerve  may  cause  reflex  inhibition  of  the  tonus  of  the  stoPiAJ 

•  Sw  Heidrnhairi  in  Hermunn^s  ^'Handhuch  der  Phy«iolop^"  ^'  ^^\ 
p.  118.    Alf<o  Cannon,  "Ami^riran  Journal  of  PhysioloKj'/*  1906, 

t  "Archiv  de  phystoltigie  normale  et  patholofi^que/   11^92,  p.  371>. 
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Syon  *  hi\s  coufimied  tliis  result  in  rases  in  which  the  move- 
Mid  tonicity  of  the  stomach  were  first  increased  by  the  action 
^arpin  and  stiychnin.  Cannon  *  in  his  observations  upon  cats, 
that  all  movements  of  the  stomach  ceased  as  soon  as  the 
I  showed  signs  of  anxiety,  rage,  or  distress. 
irements  of  tlie  Intestines. — The  muscles  of  the  small  and 
ge  intestine  are  arranged  in  two  layei-s.^an  outer  longitutiinal 
I  inner  circular  coat, — while  between  these  coats  and  in  the 
cous  coat  there  are  present  the  nerve-plexuses  of  Auerbach 
fcissner.  The  general  arrangement  of  muscles  and  nerves  is 
f,  therefore  J  to  that  prevaiUng  in  the  stomach,  and  in  accor- 
^nth  tliis  we  find  that  the  physiological  activities  exhibited 
Biuch  the  same  character,  only^  perhaps,  not  quite  so  complex. 
b  main  forms  of  intestinal  movement  have  been  distinguished, 
jeristaltic  and  the  pendular  or  rhythmic. 
istaUis. — ^The  peristaltic  movement  consists  in  a  constriction 


ry. — PeriBtiiltic  coatraetiou  of  the  nmMtl  intestine  (dcsg).  Tlie  horiioiit^  line  giv«« 
moonda.  The  curve  was  obtained  by  recordiDff  thw  dinmetcr  of  the  int^flttne  at 
iDiiit  dtuin^  the  pitJEMige  of  a  peristaltic  wave»  It  will  be  seen  tfaat  thore  vb»  first  » 
t  (wave  of  mhibition)^  folio weti  by  a  Airoojn  contraction.  The  Hma^llor  waves  on  tbe 
Murve  are  dii«  to  the  effect  of  the  n?»pir«tory  movements  on  the  r^cordiafl  mecbuDimn, 

r 

walls  of  the  intestine,  which,  beginning  at  a  certain  point, 
[downward  away  from  the  stomach,  from  segment  to  segment, 
[he  parts  behind  the  advancing  zone  of  constriction  gradually 
;  The  wave  of  constriction  may  be  recorded  by  the  use  of 
le  apparatus.  When  thus  recorded  it  is  found  that  the  ad- 
|g  area  of  constriction  is  preceded  by  an  area  of  inhibition 
Station,  so  that  the  peristaltic  movement  consists  of  tw^o  parts, 
IHg  in  a  definite  sequence,  which  seem  to  combine  to  facili- 
|ie  movement  on%vard  of  the  intestinal  contents;  for  it  is 
P  that  the  wave  of  constriction  will  be  more  effective  in 
f  the  contents  forvvani  if  just  in  front  of  it  the  intestine  is 
"Archiv  de  physiologie  norm  ale  et  pathologique/'  1895,  p.  374* 
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relaxed  by  inhibition  uf  the  tonieity  of  the  muscular  coat  (Fig,! 
Bay  lias  and  Starling^*  to  whom  we  owe  the  discovery  of  thi8tw>' 
folrl  character  of  the  movement,  regard  it  as  a  reflex  which  \30sDr 
trolled  within  the  intestinal  wall  itself  through  its  intrinsie  gVQgfii 
and  their  afferent  and  efferent  connections.     When  a  bolus  ii ' 
inserted  into  the  inte.stine  at  any  point  its  effect  upon  the  semoij  j 
fibers  is  such  as  to  cause  a  reflex  contraction  of  the  muBcle  abovette  i 
bolus,  that  is,  toward  the  stomach,  and  a  reflex  inhibitioD  of 
dilatation  below.     They  speak  of  this  definite  relationship  u  tta 
law  of  Ihe  inlcsline:  it  is  described  als4)  under  the  imnie 
Uric  reflex.     It  is  ofjvious  that  the  circular  layer  of  muscltt  i^  ^ 
chiefly  involvcfi  in  peristalsis,  since  constriction  can  only  be  pn^  ' 
duced  by  contraction  of  this  layer.     To  what  ext-eut  the  loiy^itiK^ 
nal  muscles  enter  into  the  movement  is  not  ilefitiitely  dctermiiwA 
The  term  "antiperistalsis"  is  used  t-o  describe  the  same  foniirf| 
movement  running  in  tlie  opposite  direction — that  is»  t4>wiifd  tlic 
stomach.     Ant i [peristalsis  is  said  not  to  cH'cur  under  normal  w>iidi*j 
tions;  it  has  been  observed  in  isolated  pieces  of  intestine  or  in  thc'M 
posed  intestine  of  living  animals  when  stimulated  artificially  orafttf  i 
complete  intestinal  obstruction  (Cannon),  and  Grutznerf  rcpt»rtsi 
number  of  curious  ex  peri  men  is  which  seem  to  show^  that  subst«D<i* 
such  as  hairs^  animal  charcoal,  etc^  introduced  into  the  rectum  roif 
travel  upward  to  the  stomach  under  certain  conditions.    The  pev^  j 
taltic  wave  imiftt sally  passes  downward,  and  that  this  direction  rf 
movement  i>  drprndent  upon  some  definite  arrangement  in  thf  ift*] 
testinal  walls  is  shown  by  the  exptTiments  of  Mall  J  upon  revrrsalrf  ] 
the  intestines-    In  these  experiment-s  a  portion  of  the  small  inteitiac 
was  resei^ted,  turned  around,  and  sutured  in  place  again,  so  liii** 
this  piece  what  was  the  lower  end  became  the  upper  end.     In  tiw* 
animals  that  made  a  good  recovery  the  nutritive  condition  gnuiutSf 
became  very  serious,  and  when  the  animals  w^re  killed  anJ  «•] 
arained  it  was  found  that  there  was  an  accumulation  of  f<XKl  tX  i^i 
stomach  end  of  the  reversed  piece  of  intestine,  and  that  this  repMJ 
showed  marked  tfilatation. 

The  peristal  tic  movements  of  the  intestines  may  be  oheerfti 
upon  living  animals  when  the  abdomen  is  opened.     If  the  opentioB 
is  made  in  the  air  and  the  intestines  are  exposed  to  its  influeoct,<^  ^ 
if  the  conditions  of  tenij^erature  anil  circulation  are  otte«i*  | 
diaturbed,  the  movements  obser%'ed  are  often  violent  and  imfuto'* 
The  peristalsis  nms  rapidly  along  the  intestines  and  may  pBm<f^  ] 
the  whole  length  in  about  a  minute ;   at  the  same  time  the  <*»•  ^ 
traction  of  the  longitudinal  muscles  gives  the  Ixiwels  a 
WTi thing    movement.      Movements   of   this    kind    are 

*  Bay  lias  and  Stiirlitig,  "Journal  of  Physiology,"  24, 99, 1895I- 
t  **Dcuts!che  medicinisrhe  W'oehcnijchrift/'  No,  48,  IJW, 
t  "Johns  Hopkia^  Hospital  Reports;"  I,  93,  18%. 
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mal,  and  only  occur  in  the  body  under  the  strong  stimulation 
bhological  conditions.  Normal  peristalsis,  the  object  of  which 
move  the  food  slowly  along  the  alimentary  tract,  is  quite  a 
ent  affair.  Observers  all  agree  that  the  wave  of  contraction 
itle  and  progresses  slowly,  although  at  different  rates  perhaps 
lerent  parts  of  the  intestine.  The  force  of  the  contraction 
easured  by  Cash*  in  the  dog's  intestine  is  very  small.  A 
it  of  five  to  eight  grams  was  sufficient  to  check  the  onward 
ment  of  the  substance  in  the  intestine  and  to  set  up  violent, 
:y  contractions  which  caused  the  animal  evident  uneasiness, 
time  required  for  the  passage  of  food  through  the  small  in- 
le  must  vary  with  its  amount  and  character.  From  obser- 
08  made  upon  man  with  the  x-ray,  Hertz  estimates  that  on 
verage  it  requires  about  4f  hours.  After  a  meal,  therefore, 
ay  imagine  that  at  about  the  time  the  stomach  has  finished 
urging  its  contents  into  the  duodenum  the  first  portions 
reached  the  ileocecal  valve.  That  is  to  say,  a  column  of 
broken  into  separate  segments,  stretches  at  one  time  practi- 
along  the  whole  length  of  the  small  intestine. 
echanism  of  the  Peristaltic  Movement. — ^The  means  by  which 
peristaltic  movement  makes  its  orderly  forward  progression 
Qot  been  determined  beyond  question.  The  simplest  explana- 
irould  be  to  assume  that  an  impulse  is  conveyed  directly  from 
►  cell  in  the  circular  muscular  coat,  so  that  a  contraction  started 
Y  point  would  spread  by  direct  conduction  of  the  contraction 
;e.  This  theory,  however,  does  not  explain  satisfactorily  the 
il  conduction  of  the  wave  of  contraction  always  in  one  direc- 
nor  the  fact  that  the  wave  of  contraction  is  preceded  by  a 
of  inhibition.  Moreover,  Bayliss  and  Starling  state  that, 
igh  the  peristaltic  movements  continue  after  section  of  the 
isic  nerves, — ^indeed,  become  more  marked  under  these  con- 
is, — ^the  application  of  cocain  or  nicotin  prevents  their  oc- 
ice.  Since  these  substances  may  be  supposed  to  act  on  the 
flic  nerves,  it  is  probable  that  the  co-ordination  of  the  move- 
is  effected  through  the  local  nerve  ganglia,  but  our  knowledge 
s  mechanism  and  physiology  of  these  peripheral  nerve-plexuses 
jret  quite  incomplete. 

^jlthmiccU  Movements. — In  addition  to  the  peristaltic  wave  a 
d  kind  of  movement  may  be  observed  in  the  small  intestines, 
nsists  essentially  in  a  series  of  local  constrictions  of  the  intes- 
wall,  the  constrictions  occurring  rhythmically  at  those  points 
hich  masses  of  food  lie. 
'annon  f  has  studied  these  movements  most  successfully  by 

•  "Proceedings  of  the  Royal  Society,"  London,  41,  1887. 
t  Camion,  ^'American  Journal  of  Physiology,"  6,  251,  1902. 
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means  of  the  Roentgen  rays.     He  finds  that  as  a  result  <  i  'hf - 
contractions  the  masses  or  strings  of  toad  lying  in  the  mtcMait ,- 
suddeal}'  .segmented,  i-epeatedly  and  in  a  definite  manner  into  i ' 
number  of  small  pieces,  which  move  to  and  fro  as  the  pieces  corotat 
and  arc  again  separated  (see  Fig.  286).    Tiiese  segmentation*  nttt  i 
proceed  at  the  rate  of  thirty  per  minute  for  a  certain  time,  andtltf 
apparent  result  is  tlxat  the  material  is  well  mixed  witli  the  <iiij^i^^ 
secretions  and  is  brought  thoroughly  into  contact  with  theahBOBp'j 
tive  walls.     During  these  rhythmical  contractions  there  b  tioslttdf  ] 
progression  of  the  food;  it  remains  in  the  same  region.  altbiiu|)l1 
subjected  to  repeated  divisions.     From  time  to  time  the  sepanttij 
pieces    are    caught    by    on    advancing    peristaltic    wave,  mofd] 
fonvard  a  certain  distance,  and  gathered  again  into  a  new  m 
In   this  new  location  the  rhythmical  contractions  agaiu  s^psa 
and   chum   the  mtiss  l>efore  a  new  peristaltic  wave  moves  it  < 
According    to    this    description,    the    rhythmical    movements  i»l] 
local  contractions   (mainly  of  the   circular   muscles)    which  «eo| 
to  be  due  to  the  local  distention  caused  by  the  food.     They  octti 
rhythmically  for  a  certain  period  and  then  cease  until  a  new  srwii 
is  started,  and  it  is  olnious  that  they  must  play  a  ver>'  importirt] 
part  in  promoting  both  the  digestion  and  absorption  of  the  (oDil 
Mall*  has  suggested  that  these  rh>1^hiiiical  contractions  of  thii 
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.    ^boooo^' 

Fir;   286. — Diagmiii  to  show  tho  effect  of  the  rhytlimicaJ  conflt rietini  muMui^  •■ 
the  trmnli  {Dtestjne  upon  the  contained  fcMicl.     A  string  of  food  (1)  i*  divic&d  i(uddl»^>*l 
K  »enet*  of  segnient^  i2^ ;   each  of  the  ItiKer  i»  atoain   divided  and  the  pniBew  it  (*R"'^| 
number  of  times  (3  and  4),     Event (lally  a  peritttahic  wave  sweeps  then*  •MpMB^itlfVr^ 
a  cvrtaJTi  distancp  and  icatherw  them  a^ain   mto  a  long  string,  m  in   (1).     Tbi  f««* 
Mcmen  tat  loci  La  theti  repeated  oa  de^ribed  atxjve.     {Cannon  J 

circular  coats  may  aL^o  act  as  a  pumping  mechanism  nyn 

venous  plexuses  in  the  walls  and  thus  aid  in  striving  the  bk 

the   portal   system.     Similar   movements   hav^e   been  oh 

in  the   human  being. f     The  curious  observation  is  r^|x 

that  during  the  period  of  fasting  (dog)  the  whole  gastro-intes^i 

canal,    although   empty,    shows   at    intervals    rh>thmic4il 

tractions  of  its  musculature  which  may  last  for  twenty  tol 

minutes  (see  p.  776), 

*  MaU,  *•  Johns  Hopkins  Hospital  Reports,"  18SM5,  i  ,  37. 

t  Hertz,  loc.  cit. 

t  Boldireff,  *' Archives  des  sciences  biobgiqueB/*  il,  1»  15>05- 
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^innon  suggests  a  new  and  convenient  nomenclature  for  the  movements 

r  stomach  and  intestines  as  follows: 

I)  Rhythmic  segmentations. — The  rhythmic  localized  contractions  de- 

1  in  the  preceding  paragraph.    Exhibited  throughout  the  sniall  intestine. 

I)  Diastakds. — I>3wnwarcl  moving  wave  of  contraction  with  a  preceding 

ii  inhibition  (myenteric  reflex).    Exhibited  chiefly  in  the  small  mtestine. 

I)  Anastalsis. — Upward  moving  wave   of  contraction  without  a  pre- 

g  phase  of  inhibition    Exhibited  chiefly  in  the  proximal  colon. 

()  Katastalsis. — Downward   moving   wave   of   contraction   without   a 

ding  phase  of  inhibition.    Exhibited  chiefly  in  the  stomach. 

[he  Nervous  Control  of  the  Intestinal  Movements. — There 
me  evidence  to  show  that  the  rhythmical  contractions  of  the 
stines  are  muscular  in  origin  (myogenic),  while  the  more  co- 
lated  peristaltic  movements  depend  upon  the  intrinsic  nervous 
lamsm.  The  intestine  is,  however,  not  dependent  for  either 
3ment  upon  its  connections  with  the  central  nervous  system, 
the  stomach,  it  is  an  automatic  organ  whose  activity  is  simply 
ated  through  its  extrinsic  nerves. 

he  small  intestine  and  the  greater  part  of  the  large  intestine 
ire  visceromotor  nerve  fibers  from  the  vagi  and  the  sympathetic 
i.  The  former,  according  to  most  observers,  when  artifically 
ilated  cause  movements  of  the  intestine,  and  are  therefore 
ded  as  the  motor  fibers.  It  seems  probable,  however,  that  the 
carry  or  nmy  carry  in  some  animals  inhibitory  fibers  as  well, 
that  the  motor  eflfects  usually  obtained  upon  stimulation  are 
o  the  fact  that  in  these  nerves  the  motor  fibers  predominate^ 
ibers  received  from  the  sympathetic  chain,  on  the  other  hand, 
mainly  an  inhibitory  eflfect  when  stimulated,  although  some 
r  fibers  apparently  may  take  this  path.  Bechterew  and 
wski*  state  that  the  sympathetic  fibers  for  the  small  intestine 
le  from  the  spinal  cord  as  medullated  fibers  in  the  sixth  dorsal 
3  first  lumbar  spinal  nerves,  (or  lower — ^Bunch)  and  pass  to  the 
athetic  chain  in  the  splanchnic  nerves  and  thence  to  the 
unar  plexus.  The  paths  of  these  fibers  through  the  central 
»us  system  are  not  known,  but  there  are  evidently  connections 
iding  to  the  higher  brain  centers,  since  psychical  states  are 
n  to  influence  the  movements  of  the  intestine,  and  according 
me  observers  stimulation  of  portions  of  the  cerebral  cortex 
produce  movements  or  relaxation  of  the  walls  of  the  small  and 
intestines. 

Bfect  of  Various  Conditions  upon  the  Intestinal  Move- 
B. — ^Experiments  have  shown  that  the  movements  of  the  in- 
es  may  be  evoked  in  many  ways  in  addition  to  direct  stimu- 
of  the  extrinsic  nerves.  Chemical  stimuli  may  be  applied 
ly  to  the  intestinal  wall.  Mechanical  stimulation — pinching, 
cample,  or  the  introduction  of  a  bolus  into  the  intestinal 
•  "Archiv  f.  Physiologic,"  1889,  suppl.  volume. 
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cavity — may  start  peristaltic  movements.  Violent  moveDflJ^ 
may  be  produced  also  by  shutting  off  the  blood-6upph%  and  ^|iB  * 
temporarily  when  the  supply  is  re-established.  A  eonditioii  <^  j 
dyspnea  may  also  start  movements  in  the  intestines  or  in  i 
cases  inhibit  movements  which  are  already  in  progress,  tbesto^j 
liis  in  this  case  seeming  to  act  upon  the  central  nervous  sj'stemirf 
to  stimulate  both  the  motor  and  the  inhibitor^'  fibers.  Oxypop* 
within  the  bowels  tenuis  to  suspend  the  niovemejits  of  the  intes- 
tine, w^hile  COjt  CH^,  and  HjS  act  as  stimuli .  increasing  themo^ 
ments.  Organic  acida,  such  as  acetic,  propionic,  formic,  soi 
caprylic,  which  may  be  formed  normally  within  the  intestine  iJ 
the  result  of  bacterial  action,  act  also  as  strong  stimulants. 

Movements  of  the  Large  lutestiiic. — The  opening  from  ''^ 
small  intestine  into  the  large  is  controlled  both  by  the  ile^*^^'^ 
valve  and  by  a  sphincter^  the  ileocecal  or  ileocolic  sphincter. 
It  is  stated  that  this  sphincter  is  normally  in  tonus  and  l\^ 
its  condition  of  tonus  is  regulated  through  the  splanchnic  nen* 
(Magnus).  The  musculature  in  the  large  intestine  h^  tbf 
same  general  arrangement  as  in  the  small,  and  the  usual  vipf 
has  been  that  the  movements  are  similar,  although  more  intV 
quent,  so  that  the  material  received  from  the  small  intflst^ 
is  slowly  moved  along  while  becoming  more  and  more  s*"!'^ 
from  the  absorption  of  water  the  contents  of  the  ascendinir  " 
are  soft  and  semiliquid,  but  in  the  distal  end  of  the  trans\Tm  t:^" 
they  attain  the  consistency  of  the  feees.  Bayliss  and  StAriiBf 
state  that  their  law  nf  intestinal  peristalsis  holds  in  this  portioQ<^ 
the  intestine, — that  is,  local  excitation  causes  a  constriction  ai««^ 
and  a  dilatation  below  the  point  .stimulated.  Cannon,*  from 
studies  of  the  normal  movements  in  cat^s,  as  seen  by  the  Roenl 
rays,  comes  to  the  conclusion  that  the  movements  in  the  pro: 
portion  of  the  large  intestine  show  a  marked  peculiarity. 
divides  the  large  intestine  into  two  part*?;  in  the  second,  eoi 
ing  roughly  to  the  <lescending  and  distal  fjortion  of  the  t 
colon,  the  food  is  moved  tow^ard  the  rectum  by  peristaltic  « 
A  number  of  constrictions  miiy  be  seen  simultaneously  witto* 
length  of  some  inches.  In  the  jLscending  colon  and  cecuDU**^ 
contrary »  the  most  frequent  movement  is  that  of  antiperirtil^ 
The  foo€l  in  this  portion  of  the  canal  is  more  or  less  liquid  ittl*** 
presence  sets  up  ruiming  waves  of  constriction,  which  pasR  totiri 
the  ileocecal  valve.  These  weaves  occur  in  groups  sepamlcJ^ 
periods  of  rest.  They  seem  t4^>  originate  from  a  constricted  nal 
which  pulsates,  each  contraction  starting  an  anastaltir  wa'^ 
The  presence  of  the  ileocecal  valve  prevents  the  material  b^ 
being  forced  back  into  the  small  intestine.     The  value  o!  4i 

*  Cannon,  toe,  cil. 
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Peculiar  reversal  of  the  normal  movement  of  the  bowels  at  this 
(Mffticular  point  would  seem  to  lie  in  the  fact  that  it  delays  the 
passage  of  the  material  toward  the  rectum,  and  by  thoroughly 
■nixing  it  gives  increased  opportunities  for  the  completion  of  the 
processes  of  digestion  and  absorption.  In  animals  with  a  saccu- 
lated colon  the  separate  sacs  or  haustra  may  exhibit  rhythmic 
contractions  somewhat  similar  to  the  rhythmic  segmentations  in 
the  small  intestine.*  These  movements  (haustral  churning) 
would  seem  to  favor  also  the  processes  of  absorption.     Hertz 


l^ir^fam^rfyk  Tnmk 
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.Fig.  287. — Schema  to  show  the  innervation  of  the  rectum  and  internal  sphincter 
sue  ftnus,  and  the  formation  of  the  hypogastric  plexus.     (After  Frankl-Hochioart  and 

*timates  that  in  man  the  food  requires  about  2  hours  to  pass 
^m  the  ileocecal  valve  to  the  hepatic  flexure  and  about  4i 
l^iirs  to  reach  the  splenic  flexure.  As  the  colon  becomes  filled 
*>me  of  the  material  penetrates  into  the  descending  part,  where 
'he  normal  peristalsis  carries  it  very  slowly  toward  the  rectum. 

The  large  intestine — particularly  the  descending  colon  and 
Mum — receives  its  nerve  supply  from  two  sources  (Fig.  287): 
I)  Fibers  which  leave  the  spinal  cord  in  the  lumbar  nerves 
lecond  to  fifth  in  cat),  pass  to  the  sympathetic  chain,  and 
lence  to  the  inferior  mesenteric  ganglia,  which  probably  form 
le  termination  of  the  preganglionic  fibers.     From  this  point 

♦  Elliott  and  Barclay-Smith,  "Journal  of  Physiolog>',"  31,  272,  1904. 
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the  path  is  continued  by  fibers  running  in  the  hypogastric  wrrc* 
and    plexus.     Stimulation    of   these   fibers   has   given  diffeitnt 
results  ill  the  hands  of  various  ol^servers,  but  the  most  r««al 
work*  indicates  that  they  are  iiihibitonr\     (2)  Fibers  that  leavt 
the  cord  in  the  sacral  nerves  (second  to  fourth),  forra  part  of  thf 
nervi   erigentes  and  enter  into  the  hypogastric  plexus.    Wta 
stimulated  these  fibers  caiuse  contractions  of  the  muscular  coatt; 
they  may  be  regardefl,  therefore,  a^s  motor  fibers.     As  in  lit 
case  of  the  small  intestine  and  stomach,  we  may  a^mne  tlul 
these  motor  and  inhibitory  fibers  serve  for  the  reflex  regulatiofl 
and  adaptation  of  the  movements. 

Defecation, — The  undigested  and  indigestible  parts  of  ibt| 
food,  together  with  some  of  the  debris  and  secretions  from  Ih 
alimentary    tract    eventually    reach    the    sigmoid    flexure 
rectum.     Authorities  differ  as  to  wliether  the  rectum  nornuJlr] 
contains  fecal  material  or  not.     According  to  the  observfttkoi 
of  Hertz, t  made  upon  man  by  means  of  x-rays,  fecal  in»t«U 
is  normally  absent  from  the  rectum  except  just  before  def«cir| 
tion.     It  seems    probable    that    a   distinct   desire  to  defec«l»] 
is  felt  only  when    the    feces   have   actually   entered   the  w^ 
turn   and   produced   some   distension.      The    fecal    material  ■ 
retained  within  the  rectum  by  the  action  of  the  two  sphincter 
muscles  wliich  close  the  anal  opening.     One  of  these  mudcki^ 
the  internal  sphincter,  is  a  strong  band  of  the  circular  byerrf 
involuntary  muscle  which  forms  one  of  the  coats  of  the  rec HUB'  [ 
When  the  rectum  contains  fecal  material  this  muscle  is  thrown  ^ 
into  a  condition  of  tonic  contraction  until  the  act  of  deferAtkifl 
begins,  when  it  is  relaxed.     The  external  sphincter  ani  is  cu»* 
posed  of  striated  muscle  tissue  and  is  under  the  control  of  tb 
will  to  a  certain  extent*     It  is  supplied  by  a  motor  nervr^  ^ 
Nn.    hemorrhoidales   inferinres,  arising  from   the    N*  pudeftto  ^ 
and   eventually   from   the   sacral  spinal   nerves.     This  nituA 
therefore^  like  striated  muscle  in  general,  is  innervated  diifctly 
from  the  spinal  cord,  but  it  possesses  properties  which  aw  Wj 
some  extent  intermediate  between  those  of  plain  and  of  stm 
muscle.     For  example^  it  differs  from  the  latter  and  rescmbb ' 
the  former  in  the  fact  that  it  does  not  atropliy  after  seclioo  J 
its  motor  nerve;  it  is  much  less  sensitive  to  the  paralysing ar^ 
of  curare  than  the  typical  striated  muscle,  and  it  is  stated  thtf 
its  curve  of  contractitm,  when  it  is  stimulated  through  it5  nenrt, 
exhibits  a  long  latent  periinl  and  a  slow  contraction  and  rehu^ 
tion.     Both  the  internal  and  the  external  sphincter  are  nonMUj 

*  Langlev  and  Anderson,  ''Journal  of  Pbv8iolo©r/*  18,  67,  18S5u  Bif 
liaa  &nd  Starling,  ibui.,  26,  107,  HKM).  Also  Wischnewsky*  m  Emom* 
"JahresWricht  der  Phvsiologie/*  vol  xii,,  iHO.'i. 

t  Hertz,  *'Guy*a  Hospital  Reports/'  til,  389,  1907. 
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tonus  and  unite  in  protecting  the  anal  opening.  The  force 
the  tonic  contraction  of  the  internal  is  somewhat  less  (30  to 
per  cent.)  than  that  of  the  external  sphincter.*  The  innerva- 
•n  and  control  of  the  internal  sphincter  is  better  understood 
m  that  of  the  external.  Like  the  rest  of  the  rectum,  it  receives 
)tor  fibers  from  the  hypogastric  plexus  by  way  of  the  nervus 
gens,  and  inhibitory  fibers  from  the  same  plexus  by  way  of  the 
pogastric  nerve.  It  has  been  possible  to  show  experimentally 
it  each  of  these  sets  of  fibers  may  be  acted  upon  reflexly,  for 
imple,  by  stimulation  of  the  sensory  nerves  in  the  sciatic. 
B  reflex  takes  place  in  this  case  through  the  lower  portion  of 
cord.  Both  the  hypogastric  nerve  and  the  N.  erigens  con- 
1  also  afferent  fibers.  Stimulation  of  the  central  end  of  the 
ered  N.  erigens  gives  a  reflex  inhibition  through  the  hypo- 
tric  nerve,  and  stimulation  of  the  central  stump  of  the  cut 
)ogastric  causes  a  reflex  contraction  through  the  N.  erigens. 
is  even  stated  that  these  latter  reflexes  may  be  obtained 
m  the  lumbosacral  cord  is  destroyed,  a  fact  which  if  correct 
lid  indicate  a  reflex  effected  through  an  outlying  ganglion 
'.  mesenteric  ganglion).  The  act  of  defecation  as  it  occurs 
mally  is  partly  a  voluntary  and  partly  an  involuntary  act. 
)  involuntary  act  consists  in  peristaltic  contractions  of  the 
aim  or,  indmi,  of  the  whole  colon,  together  with  an  inhibi- 
i  of  the  sphincters.  Whether  the  inhibition  of  the  sphincters 
normally  entirely  an  involuntary  reflex  cannot  be  stated 
nitely.  No  doubt  the  sensory  stimuli  arising  from  the  accu-. 
lation  of  fecal  material  would  eventually  cause  in  this  way 
taxation  of  the  sphincters,  but  the  act  of  defecation  usually 
es  place  before  such  a  strong  necessity  arises.  It  is  initiated 
ally  by  a  voluntary  act  and  it  is  possible  that  in  such  cases 
relaxation  of  both  sphincters  may  be  effected  by  voluntary 
ibition  acting  upon  the  spinal  centers. 

The  voluntary  factor  in  defecation  consists  mainly  in  the 
traction  of  the  abdominal  muscles.  When  these  latter 
ides  are  contracted  and  at  the  same  time  the  diaphragm  is 
rented  from  moving  upward  by  the  closure  of  the  glottis, 
increased  abdominal  pressure  is  brought  to  bear  upon  the 
ominal  and  pelvic  viscera,  and  aids  strongly  in  pressing  the 
tots  of  the  descending  colon  and  sigmoid  flexure  into  the 
um.  The  pressure  in  the  abdominal  cavity  is  still  further 
3ased  if  a  deep  inspiration  is  first  made  and  then  maintained 
Qg  the  contraction  of  the  abdominal  muscles.  Hertz,  on 
basis  of  his   skiagraphic  observations,  insists   that   simul- 

CoDSult  Frankl-Hochwart  and  Frohlich,  "Archiv  f.  d.  ges.  Physiologie," 
X). 
46 
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taneously  with  the  contraction  of  the  abdominal  muscles  iwl 
the  closure  of  the  glottis  the  diaphragm  is  also  contnMrted  iwl 
thus  aids  in  bringing  pressure  to  bear  upon  the  pehic  Qf^0^ 
Although  the  act  of  ilefecatioii  h  normally  initiated  by  vohmurf 
effort,  it  may  also  be  carried  out  as  a  purely  involuntary  reta  1 
when  the  sensory  stimulus  is  sufficiently  strong,     GulU*  bl  | 
shown  that  in  dogs  in  which  the  spinal  cord  had  been  i 
in  the  lower  thoracic  region  defecation  was  performed  nvrmJitj*  I 
In  later  experiments,  in  which  tfie  entire  spinal  cord  was  rcmonJ  I 
except  in  the  cervical  and  upper  part  of  the  thoracic  region*  i 
wa8  found  that  the  animab  after  it  had  recovered  from  lltj 
operation,  had  norma!  movement  once  or  twice  a  day,  indicatiilj 
that  the   rectum   and   lower  bowels  acted   by   virtue  of 
intrinsic    mechanism.     An   interesting   result    of   these  es{Nf)*| 
ments  was  the  fact  that  the  external  sphincter  suffered  w] 
atrophy,  although  its  motor  nerve  was  destroyed,  and  ib*t  i 
eventually  regained  its  tonic  activity* 

It  would  seem  that  the  whole  act  of  defecation  is,  at  l)0tuiflv| 
an  involuntary  reflex.  The  physiological  (*enter  for  the  movfrj 
ment  probably  lies  in  the  lumbar  cord,  and  it  has  sensory  lalj 
motor  connections  wit  h  the  rectum  and  t  he  muscles  of  defecftlioik| 
As  stated  above,  the  inhibitory  fibers  to  the  internal  sphinci 
pass  by  way  of  the  hypogjxstrie  nerve,  the  motor  fibers  thmijikj 
the  nervus  erigens,  and  both  of  these  nerves  contain  afffArif 
fibers  which  ma>^  reflexly  excite  inhiliitif>n  or  contraction. 
this  center  is  proljably  provided  also  with  intraspinal  ««••] 
nections  with  the  centers  of  the  cerebrum,  through  which  titj 
act  may  be  controlled  by  voluntary  impulses  and  by  va 
psychical  states;  tlie  effect  of  emotions  upon  defecation  bttH| 
a  matter  of  commfm  knowledge.  In  infants  the  essentially  i 
voluntary  character  of  the  act  is  well  known. 

Vomiting. — The  act  of  vomiting  causes  an  ejection  of  tbew^^  j 
tents  of  the  stomach  through  the  esophagus  and  mouth  ta  tit  j 
exterior.  It  was  long  debate<l  whether  the  force  produciD|;l 
ejection  comes  from  a  strong  contraction  of  the  walls  of  thei 
ach  itself  or  whether  it  is  due  mainly  to  the  action  of  the  wilbw 
the  abdomen.  A  forcible  spasmodic  contraction  of  the  ahdomiMl 
muscles  takes  place,  as  may  e^isily  be  observed  bj'  any  one  op* 
himself,  and  it  is  no%v  believed  that  the  contraction  of  these  I 
is  the  principal  factor  in  vomiting.  Magendie  found  that  if  ^ 
stomach  was  extirpated  and  a  bladder  containing  water  *«  9^ 
stituted  in  its  place  and  connecte<l  vnth  the  esophagus^  ifti***i*  ' 
of  an  emetic  causeil  a  typical  vomiting  movement  with  ejcetioii^ 
the  content*^  of  the  bladder.  Gianuzzi  show^ed,  on  the  otto  hi 
*  *'Archiv  f.  cUe  gesainmtc  Physiologie,"  8,  160,  1874;  03,  362.  ISW^ 
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At  upon  a  curarized  animal  vomiting  could  not  be  produced  by  an 
oetic— because,  apparently,  the  muscles  of  the  abdomen  were 
nalyzed  by  the  curare.  There  are  on  record  a  nimiber  of  ob- 
rvations  which  tend  to  show  that  the  stomach  is  not  passive 
iring  the  act.    On  the  contrary,  it  may  exhibit  contractions,  more 

less  violent  in  character.  According  to  Openchowski,*  the 
lonis  is  closed  and  the  pyloric  end  of  the  stomach  firmly  con- 
icted  so  as  to  drive  the  contents  toward  the  dilated  cardiac  por- 
Q.  Cannon  states  that  in  cats  the  normal  peristaltic  waves  pass 
er  the  pyloric  portion  in  the  period  preceding  the  vomiting  and 
it  finally  a  strong  contraction  at  the  "transverse  band"  com- 
stdy  shuts  off  the  pyloric  portion  from  the  body  of  the  stomach, 
ich  at  this  time  is  quite  relaxed.  The  act  of  vomiting  is,  in  fact, 
complex  reflex  movement  into  which  many  muscles  enter.  The 
lowing  events  are  described :  The  vomiting  is  usually  preceded  by 
ensation  of  nausea  and  a  reflex  flow  of  saliva  into  the  mouth. 
€88  phenomena  are  succeeded  or  accompanied  by  retching  move- 
nts, which  consist  essentially  in  deep,  spasmodic  inspirations  with 
keed  glottis.  The  effect  of  these  movements  is  to  compress  the 
mach  by  the  descent  of  the  diaphragm,  and  at  the  same  time  to 
lease  decidedly  the  negative  pressure  in  the  thorax,  and  therefore 
the  thoracic  portion  of  the  esophagus.  During  one  of  these 
diing  movements  the  act  of  vomiting  is  effected  by  a  convulsive 
itraction  of  the  abdominal  wall  that  exerts  a  sudden  additional 
ong  pressure  upon  the  stomach.  At  the  same  time  the  cardiac 
fice  of  the  stomach  is  dilated,  probably  by  an  inhibition  of  the 
lincter,  and  according  to  the  above  description  the  fundic  end 
the  stomach  is  also  dilated,  while  the  pyloric  end  is  in  strong 
itraction.  The  stomach  contents  are,  therefore,  forced  vio- 
itly  out  of  the  stomach  through  the  esophagus,  the  negative 
»Bure  in  the  latter  probably  assisting  in  the  act.  The  passage 
tough  the  esophagus  is  effected  mainly  by  the  force  of  the  con- 
wtion  of  the  abdominal  muscles;  there  is  no  evidence  of  anti- 
ristaltic  movements  on  the  part  of  the  esophagus  itself.  Dur- 
l  the  ejection  of  the  contents  of  the  stomach  the  glottis  is  kept 
eed  by  the  adductor  muscles,  and  usually  the  nasal  chamber  is 
ewise  shut  off  from  the  pharynx  by  the  contraction  of  the 
rterior  pillars  of  the  fauces  on  the  palate  and  uvula.  In  violent 
toiting,  however,  the  vomited  material  may  break  through 
8  latter  barrier  and  be  ejected  partially  through  the  nose. 

Nervous  Mechanism  of  Vomiting. — That  vomiting  is  a  reflex  act 
bundantly  shown  by  the  frequency  with  which  it  is  produced  in 
sequence  of  the  stimulation  of  sensory  nerves  or  as  the  result 
QJuries  to  various  parts  of  the  central  nervous  system.  After 
♦  "Archiv  f.  Physiologic/'  1889,  p.  552. 
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lesions  or  injuries  of  the  brain  vomiting  often  results.    Disagm»'«' 
emotions  and  ilistiirl>ances  of  the  sense  of  equilibrium  roay  prwiuot 
the  same  result.     Irritation  of  the  mucous  membrane  of  vmw*I 
parts  of  the  alimentiiry'  canal  (as,  for  example,  tickling  the  Uek  I 
of  the  plmrvnx  with  the  finger);    disturbances  of  the  urogemull 
apparatus,  the  h%'er,  and  other  visceral  organs;   artificial  Stimtilir I 
tion  of  the  trunk  of  the  vagus  and  of  other  senson*  nerves,  may  d J 
cause  vomiting.     Under  ordinan'  conditions,  however,  irritatkmrfl 
the  sensor>^  nerves  of  the  gastric  mucous  membrane  is  the  mit  ( 
conmion  cause  of  vomiting.     This  effect  may  result  from  the  piwl"] 
ucts  of  fermentation  in  the  stomach  in  cases  of  indigestion,  otuafi 
be  produced  intentionally  by  local  emetics^  such  as  mustard, 
into  the  stomach.     The  afferent  path  in  this  case  is  through  tlil 
sensory  fillers  of  the  vagus.     The  efferent  paths  of  the  reflex  m 
found  in  the  motor  nerves  innervating  the  muscles  concerned  in  t 
vomiting, — namely,  the  vagus,  the  phrenics,  and  the  spinal  ] 
supplying  the  abdominal  muscles.     Whether  or  not  there  is  a  ( 
nite  vomiting  center  in  which  the  afferent  impulses  are  reeeiti 
and  through  which  a  coH>rdinated  series  of  efferent  impulfeii| 
sent  out  to  the  various  muscles  has  not  i)een  satisfactoriiy 
mined.     It  has  been  shown  that  the  portion  of  the  nervous  i 
through  which  the  reflex  is  effected  lies  in  the  medulla,  and  it  i 
be  observed  that  the  muscles  concerned  in  the  act,  outside 
of  the  stomach,  are  respiratory  muscles.    Vomiting,  in  fact,  < 
essentially  in  a  simultaneous  spasmodic  contraction  of  expustoffl 
(abfiominal)  muscles  and  inspiratory-  muscles  (diapbiagm).    IlW 
therefore  been  suggested  that  the  reflex  involves  the  stimtilatioiitf| 
the  respiratory'  center  or  some  part  of  it.    Thumas  claimfl  to  h*^! 
located  a  vomiting  center  in  the  medulla  in  the  immediate  ueigJAf'J 
hood  of  the  calamus  scriptorius.     Further  evidence,  howevflft' 
required  upon  this  point.     The  act  of  vomiting  may  be 
not  only  as  a  reflex  from  various  sensor^-  nerves,  but  may  ato* 
caused  by  direct  action  upon  the  nieduUar>^  centjers.    The  »cWi| 
of  apomorphin  is  most  easily  explained  by  supposing  that  il< 
directly  on  the  nerv^e  centers. 


CHAPTER  XL. 

ENERAL  CONSIDERATIONS  UPON  THE  COBBHiSITION 
OF  THE  FOOD  AND  THE  ACTION  OF  ENZYMES. 

Foods  and  Foodstiiffs. — ^The  term  food  when  used  in  a  popular 
986  includes  everything  that  we  eat  for  the  purpose  of  nourishing 
Hd  body.  From  this  point  of  view  the  food  of  mankind  is  of  a  most 
uied  character,  comprising  a  great  variety  of  products  of  the 
dmal  and  vegetable  kingdoms.  Chemical  analysis  of  the  animal 
Bd  v^etable  foods  shows,  however,  that  they  all  contain  one  or 
lore  of  five  or  six  different  classes  of  substances  which  are  usually 
eognated  as  the  foodstuffs  (older  names,  alimentary  or  proximate 
nndples)  on  the  belief  that  they  form  the  useful  constituent  of  our 
xkIs.    The  classification  of  foodstuffs  usually  given  is  as  follows: 

Water. 

Inorganic  salts. 

Proteins, 
'codstuffs  i  Albuminoids,  a  group  of  bodies  belonging  to  the  general  group 
^^^     "^  of  proteins,  but  having  in  some  respects  a  different  nutn- 

tive  value. 

Carbohydrates. 

Fats. 

'W  the  scientific  point  of  view,  a  foodstuff  or  food  may  be  defined 
«  a  substance  absolutely  necessary  to  the  normal  composition  of 
fce  body,  as  in  the  case  of  water  and  salts,  or  as  a  substance  which 
•tt  be  acted  upon  by  the  tissues  of  the  body  in  such  a  way  as  to 
Wd  energy  (heat,  for  example)  or  to  furnish  material  for  the  pro- 
fttction  or  repair  of  living  tissue.  Moreover,  to  be  a  food  in  the 
^^ysiological  sense  the  substance  must  not  directly  or  indirectly 
feet  injuriously  the  normal  nutritive  processes  of  the  tissues. 
V  five  or  six  substances  named  above  are  all  foods  in  this  sense, 
'^e  water  and  certain  salts  of  sodium,  potassiimi,  calciimi,  mag- 
num, iron,  and  perhaps  other  elements  are  absolutely  necessary 
'  maintain  the  normal  composition  of  the  tissue.  Complete 
thdrawal  of  any  one  of  these  constituents  would  cause  the  death 
the  organism.  Proteins,  fats,  and  carbohydrates,  on  the  other 
^d,  are  substances  whose  molecules  have  a  more  or  less  com- 
^  structure.  When  eaten  and  digested  they  enter  the  body 
^ds,  and  are  employed  either  in  the  synthesis  of  the  more  complex 
l^  matter  or  they  undergo  various  chemical  changes,  spoken  of 
S<eneral  as  metabolism,  which  result  finally  in  the  breaking  up  of 
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their  complex  inolocules  with  a  liberation  of  some  of  their  in^ 
energy.  The  ehemical  ehanges  of  metabolism  or  nutritioi 
in  the  long  rim,  mainly  exothemiie, — that  is,  they  are  &tt 
by  the  proiluetkju  of  heat.  Some  of  the  ehemieal  or  internal « 
that  held  the  complex  ntolecyles  together  fissmiies  the  form  < 
when  these  molecules  are  broken  do^n  by  oxidative  chaugesl 
pier,  more  stable  ytnictures,  such  jus  water,  carbon  dioxid,  am 
Proteinyj  fat^s,  and  rarbohytirates  form  materials  that  the 
cells  are  adjusted  to  act  u|x>n  after  they  have  undergone  \ 
changes  during  chge.stion.  Other  complex  organic  compotini 
taining  chemical  energj^  are  either  injurious  to  the  tissues,  c 
have  a  structure  sucli  tliat  the  tissues  cannot  act  upon 
Such  subst^xnces  camiot  be  considered  i\s  foods  in  the  sc 
sense.  When,  therefore,  we  desire  t^  know  the  foo*!  value 
animal  or  vegetable  product,  we  analyze  it  to  determine  its  c 
sition  iks  regards  water,  salts,  proteins,  fats,  and  carljohyf 
The  following  table  compiled  by  Munk  from  the  analyses  gj' 
Konig  *  may  be  taken  as  an  indication  of  the  average  ocmp 
of  the  most  commonl}"  used  foods: 


COMPOSITION  OF  FOODS. 


In  100  pAHT*. 


Wateb, 

PftOTBlM. 

Fat, 

76.7 

ms 

1.5 

73.7 

12.6 

12.1 

36^60 

25-33 

7-ao 

87*7 

3,4 

3.2 

89,7 

2,0 

3.1 

13.3 

10.2 

0,9 

35,6 

7.1 

0,2 

13,7 

11,5 

2.1 

42.3 

6.1 

0.4 

13,1 

7.0 

0,9 

13,1 

9,9 

4.6 

10.1 

9.0 

0.3 

12^15 

23-26 

14-2 

75,5 

2,0 

0,2 

87.1 

LO 

0.2, 

90 

2-3 

0.5 

73-91 

4-8 

0,5 

84 

0,5 

,,. 

CA&BoartiftATft, 


DnianfBLB.     CKLLOtam. 


Meat 

EOT 

Cheese  . , , , 

Cows'  milk 

Human  milk  . . . . , 

Wheat  (ioiir 

Wieat  bread  .  . . . . 

Rye  flour 

Rye  breml 

Ri  ce 

Com 

Macaroni  ........ 

Peas^  beans,  lentils 

Potatoes , .  . 

Carrots 

Cabbages  .  - 

MuKhrooins 

Fruit    


0.3 

3^7 

43 

5.0 

74,8 

55.5 

69,7 

49.2 

77.4 

68.4 

79.0 

49-54 

20.6 

9,3 

4-6 

a-l2 

10 


I 


03 
0,3 
1,6 
0,5 
0,6 
2,5 


m 

1,4 

1-5 
4 


An  examination  of  this  table  shows?  that  the  animal  fbo«fe 
ticularly  the  nieat.^,  ai^e  characterized  by  their  small  percent 
carbohydrate  and  by  a  itslatively  large  amount  of  protein 
protein  and  fat.  With  regard  to  the  last  two  foodstuflfs.  mBtX^ 
♦Spe  Kdnijaj;  '*  Die  menM-hlichen  NaKrung«  und  Genu^Tnitici ' 
Atwater  and  Bryant,  "The  Chemical  Composition  of  Ameriaui  Food 
rials/'  Bulletin  28,  United  Statea  Department  of  Agriculture,  18W, 
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much  among  themselves.  Some  idea  of  the  limits  of  variation 
be  obtained  from  the  following  table,  taken  chiefly  from 
^8  analyses: 


Water. 

Pbotkdi. 

Fat. 

Abh. 

moderately  fat 

fat 

73.03 
72.31 
75.99 
72.57 
62.58 
10.00 
71.6 

20.96 
18.88 
17.11 
20.05 
22.32 
3.00 
18.8 

5.41 
7.41 
5.77 
6.81 
8.68 
80.50 
8.2 

0.46 
0.07 

1.14 
1.33 

Q, moderately  fat., 
lean  ,,,....  r 

1.33 
1.10 

salted 

6.42 

bacon),  very  fat*  . 
rel* 

6.5 
1.4 

16  v^etable  foods  are  distinguished,  as  a  rule,  by  their  lai^ge 
Qtage  in  carbohydrates  and  the  relatively  small  amounts  of 
ins  and  fats,  as  seen,  for  example,  in  the  composition  of  rice, 
wheat,  and  potatoes.  Nevertheless,  it  will  be  noticed  that  the 
»rtion  of  protein  in  some  of  the  vegetables  is  not  at  all  insignifi- 

They  are  characterized  by  their  excess  in  carbohydrates 
r  than  by  a  deficiency  in  proteins.  The  composition  of  peas 
»ther  leguminous  foods  is  remarkable  for  the  large  percentage 
3tein,  which  exceeds  that  found  in  meats.  Analyses  such  as 
iven  here  are  indispensable  in  determining  the  true  nutritive 
of  foods.  Nevertheless,  it  must  be  borne  in  mind  that  the 
ical  composition  of  a  food  is  not  alone  sufficient  to  determine 
ecise  value  in  nutrition.  It  is  obviously  true  that  it  is  not  what 
it,  but  what  we  digest  and  absorb,  that  is  nutritious  to  the 
;  so  that,  in  addition  to  determining  the  proportion  of  food- 
in  any  given  food,  it  is  necessary  to  determine  to  what  extent 
3veral  constituents  are  digested.  This  factor  can  be  obtained 
by  actual  experiments.  It  may  be  said  here,  however,  that 
leral  the  proteins  of  animal  foods  are  more  completely  digested 
are  those  of  vegetables,  owing  chiefly  to  the  fact  that  the 
'  may  contain  a  considerable  amount  of  indigestible  cellulose, 
I  tends  to  protect  the  protein  from  the  action  of  the  diges- 
ecretions.  In  the  animal  foods,  therefore,  chemical  analysis 
3  nearer  to  expressing  directly  the  nutritive  value. 
;cessory  Articles  of  Diet. — In  addition  to  the  foodstuffs 
r,  our  foods  contain  numerous  other  substances  which  in 
'ay  or  another  are  useful  in  nutrition,  although  not  abso- 

necessary.     These   substances,    differing   in   nature   and 
tance,  may  be  classified  under  the  three  heads  of: 

,vor8:    the  various  oils  or  estefs  that  give  odor  and  taste  to  foods. 
idimentfi:    pepper,  salt,  mustard,  etc. 
nulants:    alcohol,  tea,  coffee,  cocoa,  etc. 

♦  Atwater:    "The  Chemistry  of  P'oods  and  Nutrition,"  1887. 
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The  specific  influence  of  these  substances  in  digestion  andnuWV'j 
tion  is  considered  in  the  section  on  Nutrition. 

The  Chemical  Changes  of  the  Foodstuffs  during  Dig 
— ^The  physiology  of  digestion  consists  chiefly  in  the  sttidy  a(  t 
chemical  changes  that  the  food  undergoes  during  its  j 
the  alimentan^  canaL     It  happens  that  these  chemical  chAngeii 
of  a  peeidiar  character.     The  peculiarity  is  due  to  the  fact  thatll 
changes  of  digestion  are  effected  through  the  agency  of  a  graopl 
bodies  loiown  as  enzymes,  or  unorganized  ferments,  whose  cb 
action  is  more  obscure  than  that  of  the  ordinary-  reagents  wilhi 
we  have  to  de^L     It  will  save  repetition  to  give  here  \ 
facts  that  are  known  with  reference  to  these  bodies, 
later  treatment  the  details  of  the  action  of   the  specific  i 
found  in  the  different  digestive  secretionB. 

ENZYISIES  AND  llffilR  ACTION. 

HistoricaL — ^The  term  fermentation  and  the  idea  that"? 
meant  to  convey  has  varied  greatl>'  during  the  course  of  years. 
word  at  first  was  applied  to  oertiiin  ob\aous  and  apparently 
taneous  changes  in  organic  materials  which  are  accom 
lilieratlon  of  hubbies  of  gas:  such,  for  instance,  as  the  _ 
fermentations^  in  which  alcohol  is  formed  from  sugar;  the  add 
mentations,  as  in  the  souring  of  milk;  and  the  putref&ct| 
mentations,  by  means  of  which  animal  substances  aredisiiii 
with  the  production  of  offensive  odors.  These  m^'sterioua 
ena  excited  naturally  the  interest  of  investigators,  and  witk 
development  of  chemical  knowledge  numerous  other  proeessai 
discovered  which  resemble  the  topical  fermentations  in  that 
seem  to  be  due  to  specific  agents  whose  mode  of  action  differs  ft« 
the  usual  chemical  reactions,  especially  in  the  fact  that  the 
tive  agent  itself,  or  the  ferment  as  it  is  called,  is  not  destroyed 
used  up  in  the  reaction*  Thus  it  was  discovered  that  genninitii 
barley  grains  contain  a  sometfiing  which  can  be  extracted  by 
and  which  can  convert  starch  into  sugar  (Kirchhoff,  1814). 
this  substance  was  sejiarated  by  precipitation  with  alcohol  and 
given  the  name  of  diastase  (Payen  and  Persoz,  1833).  SchtH 
in  1836  demonstrated  the  existence  of  a  ferment  (pepan)  in 
juice  capable  of  acting  upon  alljuminous  sutistances,  and  a 
of  similar  bodies  were  soon  discovered:  try^psin  in  the  pHACit^ 
juice,  amygdalin,  invertin,  ptyalin,  etc.  These  substanees^tft 
designated  as  ferments,  and  their  action  was  compared  to  tkil 
the  alcoholic  fermentation  in  yeast,  the  process  of  putrefactsoo* 
Naturally  v^ry  many  theories  liave  been  proposed  regarrlii^ 
cause  of  the  processes  of  fermentation*  For  the  historical  de^tifl 
ment  and  interrelation  of  these  theories  references  must  h^  roil' 
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)ecial  works.*  It  is  sufficient  here  to  say  that  the  brilliant  work 
[  Pasteur  established  the  fact  that  the  fermentations  in  the  old 
SDse— alcoholic,  acid,  and  putrefactive — ^are  due  to  the  presence 
od  activity  of  living  organisms.  He  showed,  moreover,  that 
my  diseases  are  likewise  due  to  the  activity  of  minute  Uving 
rgamsms,  and  thus  justified  the  view  held  by  some  of  the  older 
l^dans  that  there  is  a  close  similarity  in  the  processes  of  fer- 
lentation  and  disease.  The  clear  demonstration  of  the  importance 
ffiving  organisms  in  some  fermentations  and  the  equally  clear 
POof  of  the  existence  of  another  group  of  ferment  actions  in  which 
ring  material  is  not  directly  concemwi  led  to  a  classification  which 
used  even  at  the  present  day.  This  classification  divided  fer- 
lents  into  two  great  groups:  the  living  or  organized  ferments,  such 
J  the  yeast  cell,  bacteria,  etc.;  and  the  non-living  or  unorganized 
iments,  such  as  pepsin,  trypsin,  etc.,  which  later  were  generally 
esignated  as  enzymes  (Kuhne).  The  separation  appeared  to  be 
itirely  satisfactory  until  Buchner  (1897)  showed  that  an  unor-' 
uiized  ferment,  an  enzyme  (zymase)  capable  of  producing  alcohol 
om  sugar,  nmy  be  extracted  from  yeast  cells.  Later  the  same 
bserver  (1903)  succeeded  in  extracting  enzymes  from  the  lactio- 
ski-producing  bacteria  and  the  acetic-acid-producing  bacteria 
liich  are  capable  of  giving  the  same  reactions  as  the  living  bacteria, 
hese  discoveries  indicate  clearly  that  there  is  no  essential  difference 
Btween  the  activity  of  living  and  non-living  ferments.  The  so- 
iBed  organized  ferments  probably  produce  their  effects  not  by 
irtue  of  their  specific  life-metabolism,  but  by  the  manufacture 
ithin  their  substance  of  specific  enzymes.  If  we  can  accept  this 
HMjlusion,  then  the  general  explanation  of  fermentation  is  to  be 
HJght  in  the  nature  of  the  enzymatic  processes.  Within  recent 
MttB  the  study  of  the  enzymes  has  attracted  especial  attention, 
he  general  point  of  view  regarding  their  mode  of  action  that  is 
lost  frequently  met  with  to-day  is  that  advocated  especially 
f  Ostwald.  He  assumes,  reviving  an  older  view  (Berzelius), 
^  the  ferment  actions  are  similar  to  those  of  catalysis.  By 
rtalysis  chemists  designated  a  species  of  reaction  which  is  brought 
Xmt  by  the  mere  contact  or  presence  of  certain  substances,  the 
Wyzers.  Thus,  hydrogen  and  oxygen  at  ordinary  temperatures 
>  not  combine  to  form  water,  but  if  spongy  platinum  is  present 
e  two  gases  unite  readily.  The  platinum  does  not  enter  into  the 
iction,  at  least  it  undergoes  no  change,  and  it  is  said,  therefore, 
act  by  catalysis.  Many  similar  catalytic  reactions  are  known, 
d  the  chemists  have  reached  the  important  generalization  that 
such  reactions  the  catalyzer,  platinum  in  the  above  instance, 

*  Consult  Oppenheimer,  "Die  Fermente  und  ihre  Wirkungen,"  second 
bkm,  1903;  Moore,  in  "Recent  Advances  in  Physiology  and  Biochemistry, 
idon  and  New  Yo^"  1906;  Veraon,  "IntracelluIarTinaymes,"  London, 
B;  Eukr,  "General  Chemistry  of  the  Enzymes''  (translation  by  Pope),  1912. 
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simply  hastens  a  process  which  would  occur  without  it.  but  much 
more  slowly.     A  catalyzer  is  a  substance,  therefore,  thil  bIuja 
the  velocity  of  a  reaction,  but  does  not  initiate  it.    This  idei « 
illustrated  very^  clearly  by  the  catalysis  of  hydrogen  peroxid.  Tfe 
substance  decomjioses  spontaneously  into  water  and  oxj^gen  aeeord- 
ing  to  the   reaction  H^O^  =  H^O  +  0,  but  the   decompoadon  « 
greatly  h^istened  by  the  presence  of  a  catalyzer.    Thiis,  Bredig 
shown  that  phitinum  in  very  fine  suspension,  so-calle<i  ecilloi^i^ 
solution,  exerts  a  marked  accelerating  influence  upon  this  readioDi 
one  part  of  the  colloidal  platinum  to  350  million  parts  of  walK 
may  still  exercise  a  perceptible  eflFect.    The  blood  and  aqueous d- 
tracts  of  various  tissues  also  catalyze  the  hydrogen  peroxid 
and  this  effect  has  l>een  attributed  to  the  action  of  an  enz>Tne  faiA- 
lase).     The  view  luus  been  proposed,  therefore,  that  the  enz}im^o^ 
the  body  act  like  the  catalyzers  of  inorganic  origin:   they  iaflueort 
the  velocity  of  certain  special  reactions.     Such  a  general  concepUQi 
as  this  unifies  the  whole  subject  of  fermentation  and  holds  out 
hope  that  the  more  precise  investigations  that  are  possible  in  the< 
of  the  inorganic  catalyzei*s  will  eventually  lead  to  a  better  uaJs^ 
standing  of  the  imderlying  physical  causes  of  fennent^tioD.  B 
should  be  borne  in  mind,  however,  that  some  of  the  best  known  of  die 
ferment  actions  of  the  body,  such  as  the  peptic  or  trj^ptic  digestkiorf 
protein,  fit  into  this  view  only  theoretically  and  by  analogr*   ^^^ 
matter  of  fact,  alliurains  at  ortlinarv^  temperatures  do  not  aplit  u? 
spontiineously  into  the  products  fomied  by  the  action  of  pepflBl 
if  we  consider  tliat  the  pepsin  simply  accelerates  a  reaction  alriiif 
taking  place,  it  must  lie  stated  that  this  reaction  at  onfiniiy 
temperatures  is  infinitely  slow, — that  is,  practically  does  not  occtir. 
At  higher  temperatures,  however,  similar  decomposttiODS  of  ^ 
bmiiin  ntay  |je  obtained  without  the  presence  of  an  enzyme. 

Reversible  Re  act  ions. ^ — It  has  been  shown  that  under  prof*' 
conditions  man}^  chemical  reactions  are  reversible, — that  is,  ^ 
take  place  in  opposite  directions,  P'or  instance,  acetic  arid  *» 
ethyl-alcohol  brought  together  react  with  the  production  of  ctlf^ 
acetate  and  water; 

CH^COOH  +  C,H,OH  =  CH^COOC^H,  +  H,0. 
Acetic  acid.  Atcohol.  Etiiyl-ftcetate.        Water. 

On  the  other  hand,  when  ethyl-acetate  and  water  are  brw|l* 
together  they  react  with  the  formation  of  some  acetic  *eid  »w 
ethyl*alcohol,  so  that  the  reaction  indicated  in  the  above  equit"^ 
takes  place  in  opposite  directions,  figuratively  spealdng,— ^  ^ 
which  may  be  indicated  by  a  symbol  of  this  kind: 

CH,c(>oH  +  c^.oH  q±:  CH^coocyi.  +  HA 

It  is  e\ddent  that  in  a  reversible  reaction  of  this  sort  tbeoppo^j 
changes  will  eventually  strike  an  equihbrium,  the  solution  or ' 
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3  will  contain  some  of  ail  four  substances,  and  this  equiiib- 
n  will  remain  constant  as  long  as  the  conditions  are  imchanged. 
he  conditions  are  altered,  however, — ^if ,  for  example,  some  of  the 
stances  fonned  are  removed  or  the  mixture  is  altered  as  to  its 
centration, — ^then  the  reaction  will  proceed  imequally  in  the  two 
actions  until  a  new  equilibrium  is  established.  The  importance, 
he  present  connection,  of  this  conception  of  reversibility  of  reac- 
ts is  found  in  the  fact  that  a  number  of  the  catalytic  reactions 
abo  reversible.  The  catalyzer  may  not  only  accelerate  a  reac- 
1  between  two  substances,  but  may  also  accelerate  the  recom- 
ition  of  the  products  into  the  original  substances.  An  excellent 
lance  of  this  double  effect  has  been  obtained  by  Kastle  and 
svenhart  in  experiments  upon  one  of  the  enzymes  of  the  animal 
ly,  lipase.  Lipase  is  the  enzyme  which  in  the  body  acts  upon  the 
itral  fats,  converting  them  into  fatty  acids  and  glycerin,— a 
oess  that  takes  place  as  a  usual  if  not  necessary  step  in  the  diges- 
1  and  absorption  of  fats.  The  authors  above  named*  made  use 
i  simple  ester  analogous  to  the  fats,  ethyl-butyrate,  and  showed 
AKpase  causes  not  only  an  hydrolysis  of  this  substance  into  ethyl- 
3hol  and  butyric  acid,  but  also  a  synthesis  of  the  two  last-named 
iBtances  into  ethyl-butyrate  and  water.  The  reaction  effected 
the  lipase  is  therefore  reversible  and  may  be  expressed  as: 

C,H^OOC^,  +  HaO  :^  CjH^OOH  +  C^.OH. 

Ethyl-butyrate.      Water.  Butyric  acid.     Ethyl-alcohol. 

«8e  is  capable  of  exerting  probably  a  similar  reversible  reaction  on 
!  fats  in  the  body.  Assuming  the  existence  of  such  an  action  in 
'  body,  it  is  possible  to  explain  not  only  the  digestion  of  fats,  but 
)  their  formation  in  the  tissues  and  their  absorption  from  the 
lues  during  starvation.  That  is,  according  to  the  conditions  of 
loentration,  etc.,  oute  and  the  same  enzyme  may  cause  a  splitting 
of  the  neutral  fat  into  fatty  acids  and  glycerin  or  a  storing  up  of 
itral  fat  by  the  synthesis  of  fatty  acid  and  glycerin.  In  the 
cutaneous  tissues,  therefore,  fat  may  be  stored,  to  a  certain  point, 
if  the  conditions  are  altered,  the  fat  that  is  there  may  be  changed 
r  to  the  fatty  acids  and  glycerin  and  be  oxidized  in  the  body  as 
i. 

A  similar  reversibility  has  been  shown  for  some  of  the  other 
jmies  of  the  body  (maltase  by  Hill,  1898),  but  whether  or  not  all 
bem  will  be  shown  to  possess  this  power  under  the  conditions  of 
peratiire,  etc.,  that  prevail  in  the  body  can  only  be  determined 
ictual  experiments. 

The  Specificity  of  Enzymes. — ^A  most  interesting  feature  of 
activity  of  enzymes  is  that  it  is  specific.    The  enzymes  that 

Kastle  and  Loevenhart,  "  American  Chemical  Journal,"  24,  491,  1900. 
Iso  Loevenhart,  "American  Physiological  Journal,"  6,  331,  1902. 
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act  upon  the  carbohydrates  are  not  capable  of  affecting  the  p^ 
teins  or  fats,  aod  ifke  ittso.     So  in  the  ferment-ation  of  cloriy 
related  Ijodies  such  as  the  double  sugars,  the  enzjine  that  act* 
upon  the  maltose  is  not  capable  of  affecting  the  lactc»9e;  ew:llll^ 
quires  seemingly  its  own  specific  enzyme.     In  fact,  there  is  nodetf 
proof  that  any  single  enzyme  can  produce  more  than  one  kind  d 
ferment  action.     If  in  any  extract  or  secretion  two  or  more  kini* , 
of  ferment  action  can  be  demonstrated,  the  tendency  at 
is  to  attribute  these  different  activities  to  the  existence  of  sepanttl 
and  s|iecific  enzymes.     The  pancreatic  juice,  for  example,  split* 
proteins^  starches,  and  fats  and  curdles  milk,  and  there  are  ammiii 
to  he  four  different  enzymes  present, — namely,  tr>*psin,  diastitt. 
Upase,  and  rennin.     So  if  an  extract  containing  diastase  is  ate 
capaiile  of  decomposing  hydrogen  peroxid  it  is  believed  thai  tltf 
latter  effect  is  due  to  the  existence  of  a  special  enzyme,  caubtj 
It  seems  quite  probable  that  this  specificity  of  the  different  i 
may  be  relatetl,  as  Fisclier*  has  suggested,  to  the  geometricah 
ture  of  the  substance  acted  upon.     Each  ferment  is  adapted  to  ^  | 
upon  or  become  attached  to  a  molecule  with  a  certain  defiBitti 
structure,— fitted  to  it,  in  fact,  as  a  key  to  its  lock.     In  this  req*^  I 
the  action  of  the  so-called  hydrolytic  enzymes  differs  markedly  faofi  1 
the  dilute  acids  or  alkalies  which  hydrolyze  many  tlifferent  subsU&etfj 
without  indication  of  any  sjjecificity*    Attention  has  been  ciUedtt^j 
the  fact  that  this  adaptibility  of  enzymes  to  certain  specific  8in»*  j 
tures  in  the  molecules  acted  upon  rescioliles  closely  the  dp 
activity  of    the    toxins,  and   many    useful   and    suggesti^^ 
parisons  may  be  diiiwn  between  the  mode  of  action  of  €Bx>iw*  I 
and  toxins.     It  has  become  customary  to  speak  of  the  sub*UD« 
upon  which   an  enzyme  acta  as  its  substrate,  and  it  has  to* 
assumed  that  the  action  of  the  enzyme,  like  that  of  the  toBM* 
takes  place  in  two  stages;  first,  the  combination  of  the  enipp*  1 
and  the  substrate;  second,  the  breaking  down  of  this  rtiCQpoJffl^  J 
to  give  the  final  products  of  the  reaction.     There  is  some  i 
for  believing  that  these  two  stages  may  be  separatedt  and  th** 
enzymes  which  on  account  of  certain  conditions,  such  as  beatinf 
have  lost  their  power  of  decomposing  the  substrate,  may  >'iiU  ( 
have  the  power  of  combining  with  it.     Toxins  showing  a  slmil<''l 
property  are  designated  as  toxoids,  and  for  the  enayme  ie  tte  ] 
condition  the  term  zymoid  ha^  been  suggested  (Baylisr?) 

Definition  and  Classification  of  Enzymes  (Ferments).— Ou  tk 
basis  of  the  consideratitms  presented  in  the  preceding  pari^P^ 
Oppcnheimer  suggests  the  following  definition:  An  eiii>^iDC^*j 
substance,  produced  by  living  cells,  which  iicts  by  catalysis.    '^\ 
enzyme  itself  remains  imchanged  in  this  process,  and  it  acts'  sfx*^' 
cally, — that  is,  each  enzyme  exerts  its  acti\dty  only  upon  sutjttitn'^  | 
•  Fisher,  '%mischnti  L  physiolog.  Cheroie,"  26,  71,  WftS, 
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>se  molecules  have  a  certain  definite  structural  and  stereochemi- 
arrangement.  The  enzymes  of  the  body  are  organic  substances 
i  colloid  structure  whose  chemical  composition  is  unknown, 
iistinction  is  made  frequently  between  endo-enzymes  and  exo- 
imes.  Under  the  latter  group  are  included  those  enzymes  which 
eliminated  from  the  cells  in  which  they  are  formed,  and  which 
found,  therefore,  in  solution  in  the  secretions,  for  example, 
ptyalin  of  the  saliva  or  the  pepsin  of  the  gastric  juice.  By 
o-enzymes  is  meant  a  group  of  intracellular  enzymes  which  are 
secreted,  but  are  held  within  the  cells  in  some  form  of  com- 
ttion.  To  obtain  them  in  solution  or  suspension  it  is  necessary 
estroy  this  cell,  usually  by  mechanical  means,  such  as  grinding 
tissue  with  sand  and,  in  some  cases,  by  submitting  the  ground 
8  to  a  great  pressure  in  a  hydraulic  press.  The  liquid  obtained 
his  latter  method  is  known  as  the  "  press  juice  "  of  the  tissue, 
ife  the  endo-enzymes  play  their  part  within  the  bounds  of  the 
I  in  which  they  are  contained,  and  probably  constitute  the 
f  means  through  which  are  effected  the  metabolic  processes 

characterize  living  matter. 

ffith  regard  to  the  names  and  classification  of  the  different 
nnes,  much  difficulty  is  experienced.  There  is  no  consensus 
>ng  workers  as  to  the  system  to  be  followed.  Duclaux  has  sug- 
ed  that  an  enzyme  be  designated  by  the  name  of  the  body  on 
;h  its  action  is  exerted,  and  that  all  of  them  be  given  the  termin- 
D  -dse.  The  enzyme  acting  on  fat  on  this  system  would  be 
led  lipase;  that  on  starch,  amylase;  that  on  maltose,  maltase, 

The  suggestion  has  been  followed  in  part  only,  the  older  en- 
es  which  were  first  discovered  being  referred  to  most  frequently 
3r  their  original  names.  Having  in  mind  only  the  needs  of 
lal  physiology,  the  following  classification  will  be  used  in  the 
tment  of  the  subjects  of  digestion  and  nutrition: 

.  The  proteoljrtic  or  protein-splitting  enzymes.  Examples:  pepsin 
of  gastric  juice,  trypsin  of  pancreatic  juice.  They  cause  a  hydro- 
l3rtic  cleavage  of  the  protein  molecule. 
The  amylolytic  or  starch-splitting  enzymes.  Ebcamples:  ptyalin 
or  salivary  diastase,  amylase,  or  pancreatic  diastase.  Their  action 
is  closely  similar  to  tliat  of  the  classical  enzyme  of  this  group— dias- 
tase— found  in  germinating  barley  grains.  They  cause  a  hydrolytic 
cleavage  of  the  starch  molecule. 

The  lipolytic  or  fat-splitting  enzymes.  Example:  the  lipase  found 
in  thepancreatic  secretion,  in  the  liver,  connective  tissues,  blood, 
etc.  Tney  cause  a  hydrol3rtic  cleavage  of  the  fat  molecule. 
The  BUgar-flpUtting  enzymes.  These  again  fall  into  two  subgroups: 
(a)  The  inverting  enzymes,  which  convert  the  double  sugars  or  di- 
sacchuids  into  the  monosaccharids.  Examples:  maltase,  which 
splits  maltose  to  dextrose;  invertase^  which  splits  cane-sugar  to 
aextroee  and  levulose;  and  lactase,  which  splits  milk-sugar  (lactose) 
to  dextrose  and  galactose.  (6)  The  enzymes  which  split  the  mono* 
saccharids.  There  is  evidence  of  the  presence  in  the  tissues  of  an 
enzyme  capable  of  splitting  the  sugar  of  the  blood  and  tissues 
(dextroee)  mto  lactic  acid. 
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5.  The  cojigiilating   enaymes,  which  convert    Boliible  to  indolubte  pjo- 
teiiis.     Example:    The  eoagulatkm  of  the  casein  of  milk  by  renam 

6.  Tlie  oxiiiizinp  enzymes  or  oxidasos,     A  ^rrttup  of  enxyines  wbkfa  •!  ^ 
up  oxidation  proeei»ee«.     8onie  of  the  detfiik  of  the  activity  of  \\af 
enzvmea  are  considered  in  the  discussion  of  physiological  03tid*ua» 
{p.  938). 

7.  The  deamidizing  enzymes,  f«uch  as  adenaae  and  guansfle,  whidi  If 
tiydrolytie  cleaviige  spht  off  an  NH,  group  as  ammonia, 

I'he  enzymes  contained  in  the  first,  second,  third,  and  fourth  (a) 
of  these  groups  are  the  ones  that  play  the  cliief  roles  in  the  dige^tin 
processes,  and  it  will  be  noticed  that  they  all  act  by  hydroly^r 
that  is,  they  cause  the  molecules  of  the  substance  to  undeiio (it- 
composition  or  cleavage  by  a  reaction  with  water.  Thus,  in  the 
conversion  of  maltose  to  dextrose  by  the  action  of  maltaae  there' 
action  may  be  expressed  so : 

MaJtotie,  Dextrose.        Dextroat. 

And  the  hydrolysis  of  the  neutral  fats  by  lipase  may  be  ex] 
bo: 

Tn^ieajrm,  Olyoeriii*  Stearic  •.ddu 

General  Properties  of  Enzymes, — The  specific  leacdons  rf 
various  enzymes  of  the  body  are  referred  to  under  separate 
The  follow^ing  general  chamcteristics  may  be  noted  briefly: 

Solubility, — Most  of  the  enzymes  are  soluble  in  water  or 
solutions,  or  in  glycerin.     By  these  means  they  may  be 
conveniently  from  the  various  tissues.     In  some  cases,  however, 
simple  methods  do  not  suffice,  particularly  for  the  endo-emynit 
the  enzjTne  is  either  insolul>le  or  is  destroyed  in  the  procefltj 
traction,  and  to  prove  it^  presence  pieces  of  the  tissue  or 
preased  from  the  tissue  must  be  employed. 

TmiptTutun,— The  body  enz\'mes  are  characterized  by  the 
that  they  are  destroyed  by  high  teniperatnres  (60°  C,  to  80**  (X) 
that  their  effect  is  retardetl  in  jmrt  or  entirely  by  low  tem] 
Most  of  them  show^  an  optimym  acti%ity  at  temperatiiree  app*0J>" 
mating  that  of  the  body* 

Precipitutionj  Adsorption, — The  enzymes  are  precipitated  iv^ 
their  solutions  in  part  at  least  by  excess  of  alcohoL  This  prwip»- 
tation  is  frequently  used  in  obtaining  purified  specimens  of  *• 
zymes.  The  enzymes,  moreover,  show  an  int/cre^ting  tend«WT  ^ 
be  carried  down  mechanically  by  flocculent  precipitates  produ'  '  ■ 
their  solutions.  If  protein  present  in  the  solution  h  precipitvito'.. 
for  instance,  the  enzymes  may  l)e  carriotl  dowTi  with  it  in  pt^ 
The  mode  of  union  of  the  enzyme  with  the  precipitate  in 
ca.ses  comes  under  the  general  head  of  mechanical  adsorptiott* 
consists  in  a  concentrntion  of  the  enzyme  at  the  UmitiRg 
between  the  particles  of  the  precipitate  and  the  solution. 
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Incompleteness  of  their  Action, — In  any  given  mixture  of  a  sub- 
Qce  and  its  enzyme  the  action  of  the  latter  is  usually  not  com- 
te, — ^that  is,  all  of  the  substance  does  not  disappear.  One  ex- 
nation  for  this  fact  has  been  found  in  the  reversibility  of  the 
ion  of  the  enzyme.  If  the  reaction  proceeds  in  both  directions, 
aa  evidently  under  fixed  conditions  a  final  equilibrium  will  be 
Mshed  in  which  no  further  apparent  change  takes  place,  although 
reality  the  condition  is  not  one  of  rest,  but  of  balance  between 
poemg  processes  proceeding  at  a  definite  rate.  In  addition  to 
is  factor  it  may  be  shown  in  some  cases  that  the  products  of  the 
ujtion  serve  to  retard  further  action,  possibly  by  forming  a 
mpound  of  some  kind  with  the  enzyme.     Within  the  body  itself, 

tfie  contrary,  the  action  of  an  enzyme  may  be  complete,  since 
e  products  are  removed  by  absorption. 

Adive  and  Inactive  Form, — In  many  cases  it  can  be  shown 
at  the  enzyme  exists  within  the  cell  producing  it  in  an  inactive 
rm  or  even  when  secreted  it  may  still  be  inactive.  This 
itecedent  or  inactive  stage  is  usually  designated  as  zymogen 

proferment.  The  zymogen  may  be  stored  in  the  cell  in  the 
rm  of  granules  which  are  converted  into  active  enzyme  at  the 
oment  of  secretion,  or  it  may  be  secreted  in  inactive  form  and 
quire  the  co-operation  of  some  other  substance  before  it  is 
pable  of  effecting  its  normal  reaction.  In  such  cases  the 
Bond  substance  is  said  to  activate  the  enzyme.  In  connection 
th  the  process  of  activation  various  terms  have  been  employed 
designate  the  substance  responsible  for  the  activation.  Accord- 
i;  to  a  recent  classification*  it  has  been  suggested  that  inorganic 
bstances  causing  activation  shall  be  designated  simply  as  acti- 
^«,  while  organic  substances  playing  a  similar  r61e  shall  be  named 
vues.  An  example  of  the  latter  is  found  in  the  case  of  the  entero- 
Mse  which  activates  the  trypsin  of  the  pancreatic  secretion. 

Coemymes  or  Coferments. — In  addition  to  the  process  of  ae- 
ration it  would  seem  that  in  some  cases  the  action  of  an  enzyme 
facilitated  by,  or  perhaps  is  even  dependent  upon  the  presence 
some  other  substance.  Perhaps  the  best  example  of  this  com- 
bed activity  is  furnished  by  the  influence  of  bile  salts  upon 
•88  (p.  784).  These  cases  of  coactivity  are  to  be  distinguished 
ma  activation  by  the  fact  that  the  combination  may  be  easily 
ide  or  unmade,  that  is  to  say,  it  constitutes  a  reversible  reac- 
!l.  In  a  mixture  of  bile  salts  and  lipase,  for  example,  the  bile 
ts  may  be  removed  by  dialysis.     In  activation,  on  the  contrary, 

have  an  irreversible  reaction — the  active  trypsin  cannot  be 

inged  to  the  inactive  trypsinogen.  f 

^Samudy  in  ''Handbuch  der  Biochemie,"  i.,  1908. 

t  CooBult  Bayliss,  "The  Nature  of  Enzyme  Action*'  (series  of  monograpba 

Biochemistry),  London,  1908. 
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Chemical  Composition  of  the  Enzymes. — It  was  formerly 
ieved  that  the  enzymes  belong  to  the  group  of  proteins.  They 
5  formed  from  living  matter,  and  their  solutions  as  usually 
spared  give  protein  reactions.  Increased  study,  however,  has 
Mie  this  belief  uncertain.  The  enzymes  cling  to  the  proteins 
len  precipitated,  and  it  seems  possible  that  the  protein  reac- 
)n8  of  their  solutions  may  be  due,  therefore,  to  an  incomplete 
irification.  In  fact,  it  is  stated  that  solutions  of  some  of  the 
uymes  may  be  prepared  which  show  ferment  activity,  but 
ive  no  protein  reactions.  In  this  group  may  be  included  the 
pase,  diastase,  invertase,  pepsin,  oxidase,  and  catalase.  Appar- 
atly,  however,  all  enzymes  contain  nitrogen  and  most  of  them 
ho  sulphur.  They  probably  also  contain  some  ash,  especially 
ilcium.  Much  of  the  older  work  upon  the  composition  of 
apposedly  purified  preparations  of  enzymes  is  not  accepted 
xlay,  on  the  ground  that  the  evidence  for  the  purity  of  the 
reparations  is  insufiicient.  In  spite,  however,  of  the  very  great 
mount  of  attention  that  has  been  paid  to  these  substances  in 
wai  years,  there  is  at  present  no  agreement  as  to  their  chemical 
iwcture.  Tiie  statement  made  above  that  they  are  organic 
ibetances,  derived  from  proteins  and  of  a  colloidal  nature,  is 
erhaps  as  much. as  can  be  said  positively  in  regard  to  their 
Mmical  structure.  As  a  rule,  they  are  destroyed  by  moderately 
igh  temp)eratures  (80°  C.  or  below),  they  are  not  easily  diffusible 
ttough  parchment  membranes,  and,  like  the  proteins,  are  "  salted 
lit"  by  certain  concentrations  of  neutral  salts. 
47 


CHAPTER  XLI. 


THE  SALIVARY  GLANDS  AND  THEIR  DIGESTIVE 
ACTION. 

The  first  of  the  secretions  with  which  the  food  comes  into  cootsel  | 
is  the  saliva.     This  is  a  niixetl  secretion  from  the  large  salivan'  giwi 
and  the  small  unnamed  mucous  and  serous  glands  that  open  intotht ! 
mouth  ca\at>\ 

The  Salivary  Glands.— The  salivan'  glands  in  man  are  to  | 
in  number  on  cjith  side — the  parotid,  the  submaxillan%  ^ 
the  sublingual.  The  parotid  gland  communicates  with  the  laoiA  I 
by  a  large  duct  (Stenson's  duct)  wliich  opens  upon  the  ian»] 
surface  of  the  cheek  opposite  the  second  molar  tooth  of  the  \^| 
jaw.  The  submaxillary  gland  lies  below  the  lower  jaw,  and  ill | 
duct  (Wharton's  duct)  opens  into  the  mouth  cavity  at  the  adtrf] 
the  f  reniun  of  the  tongue.  The  sublingual  gland  lies  in  the  floor  of  tbi 
mouth  to  the  side  of  thefrenum  and  opens  into  the  mouth  cAiiiylff  I 
a  number  (eight  to  twenty)  of  small  ducts,  known  as  the  dartiflfj 
Kivinus,  One  larger  duet  that  runs  parallel  with  the  duct  of  Whtf*| 
t^n  and  opens  separately  into  the  mouth  cavity  is  sometimes  ] 
in  man.  It  is  known  as  the  duct  of  Bartholin  and  occur  nomiillj  » | 
the  dog. 

The  course  of  the  nerve  filjers  supplying  the  large  salivair'  S^ 
is  interesting  in  view  of  the  physiological  results  of  their  stimulnti*  , 
The  description  here  given  applies  especially  to  their  anangem***  I 
in  the  dog.  These  glands  receive  their  nerv^e  supply  from  two gen^j 
sources,— namely,  the  cranial  autonomics  (or  cerebral  fiberFKiw| 
the  sjinpathetic  autonomics.  The  pan  it  id  gland  receiver  it^  W-j 
bar  autonomic  fibers  from  the  g I osstj pharyngeal  or  ninth  cnf^a*] 
nerv^e;  they  pass  into  a  bramii  of  this  nerve  known  as  the  t>Tii|ttf^l 
branch  or  nerve  of  Jacobson,  thence  to  tlie  small  superficial  F"  I 
trosal  nerve,  through  which  they  reach  the  otic  ganglion.  \^\ 
this  ganglion  tliey  pixss  ([mstganglionic  filters)  by  way  of  thr  aunt^l 
lotempi»ral  branch  of  the  inferior  maxillary  diviriim  of  th»'i^j 
cr:inial  nervT  to  the  parotid  glanil  (Fig.  288),  The  sjinpallw^J 
autontjmics  pass  to  the  superior  c€»rv!c*al  ganglion  by  way  of  w*! 
cervicai  s>inpathetic  (Fig.  112),  and  thence  as  ]h 
in  branches  which  accompany  the  arteries  distii 
The  crimial  autonomic  supply  for  the  submaxillarv 
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s  arises  from  the  brain  in  the  facial  nerve  and  passes  out  in  the 
a  tympani  branch  (Fig.  289) .  This  latter  nerve,  after  emerging 
the  tympanic  cavity  through  the  Glaserian  fissure,  joins  the 


8.~8elMiinatie  repreeentatioD  of  the  course  of  the  cerebral  fibers  to  the  parotid  gland. 


al  nerve.  After  running  with  this  nerve  for  a  short  distance, 
ecretory  (and  vasodilator)  nerve  fibers  destined  for  the  sub- 
Ilaiy  and  sublingual  glands  branch  off  and  pass  to  the  glands. 


^•— Sehematie  representatioD  of  the  counne  of  the  chorda  tsrmpani  nerve  to  the 
submaxillary  gland. 


mag  the  course  of  the  ducts.  Where  the  chorda  tympani  fibers 
the  lingual  there  is  a  small  ganglion  which  has  received  the 
of  submaxillary  ganglion.    The  nerve  fibers  to  the  glands 
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pass  close  to  this  ganglion,  byt  T*angley  has  shown  that  only  tbom  i 
destined  for  the  subungual  gland  really  connect  with  the  Mm] 
cells  of  the  ganglion,  and  he  suggest^s,  therefore,  that  it  AooHj 
be  called  the  sul>lingiial  instead  of  the  submaxillar  gangfioit  Thj 
nerve  fibers  for  the  subiniixillarv  gland  make  connections  ynih  «f^  j 
cells  Wing  !nainly  \\ithin  the  hilus  of  the  gland  itself.  Tbeaw^  I 
of  sympathetic  autonomies  has  the  same  general  course  as  thai  I 
for  the  imrotidp — namely,  through  the  cer\1cal  s\"mpathetic  tothJ 
BUjxmor  cer\dcal  ganglion  and  thence  to  the  glandi;. 

Histological  Structure.— The  sahvar>'  glantls  belong  to  the ^1 
of  comixHmd  tiiijular  glands.     That  is,  the  secreting  partions  UBi 
tubular  in  shape^  although  in  croas-sections  thcise  tubes  majr  ju^i 
sent  various  outlines  according  as  the  plane  of  the  section  ptfBS 
through  them.    The  parotid  is  described  usually  as  a  t^'piciil  sawi 
or  albuminous  gland.     Its  secreting  epithelium  is  composed  of  A 
which  in  the  fre^h  condition  as  well  as  in  preserved  specimens  lontitt 
mmienjus  fine  granules  and  its  secretion  contains  some  albuzzuL 
The  submaxillar}'  gland  differa  in  histology  in  diffenent  amiaik 
In  some,  as  the  dog  or  etit,  the  sccnetor}^  tubes  are  composed  clU|f 
or  exclusively  of  epithelial  cells  of  the  raucous  type.    In  miotli 
glaufl  is  of  a  mixcfl  ty]>e»  the  secretory  tulies  containipg  both  vaoM 
and  albiuninous  cells.     The  sublingual  gland  in  man  also  cootiim 
both  varieties  of  cells,  although  the  mucous  cells  predominate,  b 
accordance  with  these  histological  characteristics  it  is  found  thattlij 
secretion  fmra  the  submaxillarv*  and  subhngiial  glands  is  thick  iaf| 
mucilaginous  as  compiired  with  that  from  the  parotid. 

In  the  mupoii-s  glands  another  variety  of  cell,  the  so-called  demihffl** - 
crasreiit  celb»  Is  fre^iuenlly  met  ii-itb,  aiid  the  physiological  significint^ 'I 
these  c*«lLs   lias  l>e€n  the  subjert  of  much   discussion.     The  demiluDli  J 
cre8ceiit-r^haj)ed,  p^mnidar  relLs  lying  between  the  murous  cells  and  tbtbi 
ment  niemlirane,  and  not  iri  contact,  therefore,  with  the  central  ItmM  < 
the  tulje.     AecordhiK  to  Ileidenhain,  these  demilunes  are  for  the  pntpT 
of  replftcing  the  niurous  eelLs.     In  conjee c|uence  of   long-comtiiuied  iit*^ 
the  nuieous  cells  may  dLsinte^rHte  t\nd  disappear^  and  the  detniluowt^l 
develop  into  new  mueoas  cells.     Ain»tlier  view  uj  that  the  demilunes  wpf^' 
distinct  secretory  cells  of  the  albuminous  type,  while  otbeiB  i 
are  a  apecifie  tytje  of  cell  \\ith  probably  sf>ecific  fuacticma.* 

The  salivan'  glands  possess  definite  secretory  nen-es  which  wk*  1 

stimulated  cause  the  formation  of  a  secretion.     This  fact  iodio*^| 

that  there  must  l>e  a  direct  contact  of  some  kind  beti^'een  th<?  | 

cells  and  the  terminations  of  the  secretor^^  fillers.     The  endinir  d  ^| 

nerve  filjcrs  in  the  submaxillar^*  and  sublin^al  glands  h;^ 

scr]ba:l  by  a  numl>er  of  ol>ser\'ers.t   The  accounts  differ  &  n 

to  details  of  the  finer  anatomy,  but  it  seenis  to  be  clearly' 

that  the  secretory  filjcrs  from  the  chorda  tvTnpani  e-nd  first  i 

*See  Noll,  "Archiv  f,  Physiologie. "  1SK)2,  suppl  volume,  166^ 
t  See  Huber,  "Journal  of' Experimental  Medicine/*  1»  281,  T*" 
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rve  ganglion  cells  of  the  glands  (preganglionic  fibers),  and 
latter  cells  axons  (postganglionic  fibers)  are  distributed 
eting  cells,  passing  to  these  cells  along  the  ducts.  The 
;  terminate  in  a  plexus  upon  the  membrana  propria  of  the 
I  from  this  plexus  fine  fibrils  pass  inward  to  end  on  and 
B  secreting  cells.  It  would  seem  from  these  observations 
irve  fibrils  do  not  penetrate  or  fuse  with  the  gland  cells, 
nerly  supposed,  but  form  a  terminal  network  in  contact 
ills,  following  thus  the  general  schema  for  the  connection 
rve  fibers  and  peripheral  tissues. 

lition  of  the  Secretion. — The  saliva  as  it  is  found  in  the 
\  colorless  or  opalescent,  turbid,  and  viscid  liquid  of 
aline  reaction  to  litmus  paper,  and  a  specific  gravity  of 
J.  It  may  contain  numerous  flat  cells  derived  from  the 
of  the  mouth,  and  the  peculiar  spherical  cells  known  as 
>rpuscles,  which  seem  to  be  altered  leucocytes.  The 
constituents  of  the  secretion  are  mucin,  a  diastatic  en- 
n  as  ptyalin,  maltase,  traces  of  protein  and  of  potassium 
dd,  and  inorganic  salts,  such  as  potassium  and  sodium 
•tassium  sulphate,  sodium  carbonate,  and  calcium  car- 
i  phosphate.  The  carbonates  are  particularly  abundant 
ra,  and  the  secretion  in  addition  contains  much  carbon 
)lution.  Thus,  Pfliiger  found  that  65  volumes  per  cent. 
;ht  be  obtained  from  the  saliva,  of  which  42.5  per  cent. 

form  of  carbonates.  The  amount  of  CO2  in  solution 
ined  is  an  indication  of  the  active  chemical  changes 
n  the  gland. 

organic  constituents  of  the  saliva  the  protein  exists  in 
ariable  quantities,  and  its  exact  nature  is  not  determined. 

gives  to  the  saliva  its  ropy,  mucilaginous  character, 
mce  belongs  to  the  group  of  combined  proteins,  glyco- 
je  Appendix),  consisting  of  a  protein  combined  with  a 
te  group.  The  most  interesting  constituent  of  the  mixed 
e  ptyalin  or  salivary  diastase.  This  body  belongs  to  the 
zymes  or  unorganized  ferments,  whose  general  properties 
described.  In  some  animals  (dog)  ptyalin  seems  to  be 
bsent  from  the  fresh  saliva. 

letions  of  the  parotid  and  the  submaxillary  glands  can  be 
parately  by  inserting  a  cannula  into  the  openings  of  the 
I  mouth,  or,  according  to  the  method  of  Pawlow,  by  trans- 
Mid  of  the  duct  so  that  it  opens  upon  the  skin  instead  of 
bh,  making  thus  a  salivarv^  fistula.  The  secretion  of  the 
3an  only  be  obtained  in  sufficient  quantities  for  analysis 
>wer  animals.  Examination  of  the  separate  secretions 
the  main  difference  lies  in  the  fact  that  the  parotid  saliva 


f 


742 


PHYSIOLOGY    OF    DIGESTION    AND   SECRETION. 


contains  no  mucin,  while  that  of  the  submaxiUarv  and  i 
the  sublingual  gland  is  rich  in  mucin*     The  parotid  aali^ 
seems  to  be  particularly  rich  in  ptyalin  as  compaired  with  ( 
submaxillary. 

The  Secretory  Nerves. ^The  existence  of  secreton^  ncnrw^ 
salivar>'  glands  was  iliseovered  by  Ludwig  in  1851,  The  < 
particularly  interesting  in  that  it  marks  the  beginning  of  i 
edge  of  this  kind  of  nerve  fiber.  Lud T:\dg  foimd  that  \ 
the  chorda  tympani  nerv^e  causes  a  flow  of  siiU\  a  from  thei 
lary  gland.  He  established  aim  sevenil  imjx>rtant  facts  with  i 
to  the  pressure  and  composition  of  the  secretion  wliich  will  be  rt 
to  presently.  It  was  afterward  shown  that  the  salivary  glands  ii 
a  double  nerve  supply, — in  [mrt  by  way  of  the  eemcAl  sympi 
and  in  part  through  cerebral  nerves.  It  w^as  discovered  idi 
not  only  are  secretor>'  fibers  carried  to  the  glantls  by  thcee  | 
but  that  vasomotor  fibers  are  cont^ned  in  the  same  ^ 
and  the  arrangement  of  these  latter  fibers  is  such  that  the  dj 
nerves  contain  vasodilator  fibers  that  cause  a  dilatation  of  iim 
arteries  in  the  glands  and  an  accelerated  blood-flow,  whilej 
pathetic  carries  vasoconstrictor  fibers  whose  stimulatioi] 
constriction  of  the  sinall  arteries  and  a  diminishe<J  bloods 
effect  of  stimidating  these  two  sets  of  fibers  is  found  \a^  van^  scaaH 
in  different  animals,  For  purposes  of  description  we  may  c( 
ourselves  to  the  effects  obser\^ed  on  dogs,  smee  much  of  our  I 
mental  knowledge  upon  the  subject  is  derived  from  Heidenlii 
experiments  upon  tliis  animal.  If  the  chorda  tympani  itf| 
stunulated  by  weak  induction  shocks,  the  gland  be^ns  to  0 
promptly,  and  the  set*retion,  by  proper  it»gulation  of  the  stimuli 
may  be  kept  up  for  hours.  The  secretion  thus  obtaine*!  ia^J 
water>%  flows  freely,  is  abundant  in  amount^  and  contair 
than  1  or  2  jwr  cent,  of  total  solids.  At  the  same  time 
incre^ised  (iow  of  l>lood  through  the  gland.  The  whole  gland  I 
on  a  redder  hue,  the  veins  are  distended,  and  if  cut  tlie  blood 
flows  from  them  is  of  a  redder  color  than  in  the  resting  gl&iM^ 
may  show  a  distinct  pulse— ^al!  of  which  points  to  a  dilat4itioii< 
small  arteries.  If  now  the  sympathetic  fibers  are  stimulatedrl 
different  results  are  obtained.  The  secretion  is  relatively^ 
amount,  flows  slowly,  is  thick  ami  turbid,  and  may  cont 
as  6  per  cent,  of  total  solids.  At  the  same  time  the  gli 
pale,  and  if  the  veins  Im  cut  the  flow  from  them  is  slower  1 
the  rating  gland,  thus  indicating  that  a 
occurred. 

The  increased  Avascular  supply  to  the  gland 

*  *'  Pfl liter's  Archiv  fiir  die  ^animte  Physiologie,  '*  17,  1* 
in  Uermarm'a  **  HantJbucli  der  Physiologic, "  1SS3,  vol.  v,  pftft  i 
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undant  flow  of  ''chorda  saliva"  and  the  diminished  flow  of  blood 
ring  the  scanty  secretion  of  "  sympathetic  saliva  "  suggest  naturally 
e  idea  that  the  whole  process  of  secretion  may  be,  at  bottom,  a 
flomotor  phenomenon,  the  amount  of  secretion  depending  only  on 
e  quantity  and  pressure  of  the  blood  flowing  through  the  gland, 
has  been  shown  conclusively  that  this  idea  is  erroneous  and  that 
sGnite  secretory  fibers  exist.  The  following  facts  may  be  quoted 
support  of  this  statement:  (1)  Ludwig  showed  that  if  a  merciuy 
anometer  is  connected  with  the  duct  of  the  submaxillar>'  gland  and 
e  chorda  is  then  stimulated  for  a  certain  time,  the  pressure  in  the 
ict  may  become  greater  than  the  blood-pressure  in  the  gland. 
biBfact  shows  that  the  secretion  is  not  derived  entirely  by  processes 

filtration  from  the  blood.  (2)  If  the  blood-flow  be  shut  off 
midetely  from  the  gland,  stimulation  of  the  chorda  still  gives  a 
oetion  for  a  short  time.  (3)  If  atropin  is  injected  into  the  gland, 
imulation  of  the  chorda  causes  vascular  dilatation,  but  no 
eietion.  This  may  be  explained  by  supposing  that  the  atropin 
ualyzes  the  secretory,  but  not  the  dilator  fibers.  (4)  Hydro- 
Jorate  of  quinin  injected  into  the  gland  causes  vascular  dilatation, 
it  no  secretion.  In  this  case  the  secretory  fibers  are  still  irritable, 
loe  stimulation  of  the  chorda  gives  the  usual  secretion. 

A  still  more  marked  difference  between  the  effect  of  stimulation 
the  cerebral  and  the  sympathetic  fibers  may  be  observed  in  the 
se  of  the  parotid  gland  in  the  dog.  Stimulation  of  the  cerebral 
»r8,  in  any  part  of  their  course,  gives  an  abundant,  thin,  and 
itery  saliva,  poor  in  solid  constituents.  Stimulation  of  the  sym- 
ithetic  fibers  alone  (provided  the  cerebral  fibers  have  not  been 
imulated  shortly  before  and  the  tympanic  nerve  has  been  cut  to 
event  a  reflex  effect)  gives  usually  no  perceptible  secretion  at  all. 
it  in  this  last  stimulation  a  marked  effect  is  produced  upon  the 
md,  in  spite  of  the  absence  of  a  visible  secretion.  This  is  shown  by 
e  fact  that  subsequent  or  simultaneous  stimulation  of  the  cerebral 
08  causes  a  secretion  very  unlike  that  given  by  the  cerebral  fibers 
ine,  in  that  it  is  very  rich  indeed  in  organic  constituents.  The 
lount  of  organic  matter  in  the  secretion  may  be  tenfold  that  of  the 
hra  obtained  by  stimulation  of  the  cerebral  fibers  alone. 
Rdation  of  the  Composition  of  the  Secretion  to  the  Strength  of  Stimv/- 
m. — ^If  the  stimulus  to  the  chorda  is  gradually  increased  in 
Bngth,  care  being  taken  not  to  fatigue  the  gland,  the  chemical 
nposition  of  the  secretion  is  found  to  change  with  regard  to  the 
itive  amounts  of  the  water,  the  salts,  and  the  organic  material, 
e  water  and  the  salts  increase  in  amount  with  the  increased 
3ngth  of  stimulus  up  to  a  certain  maximal  limit,  which  for  the 
\b  is  about  0.77  per  cent.  It  is  important  to  observe  that  this 
ict  may  be  obtained  from  a  perfectly  fresh  gland  as  well  as  from  a 
nd  which  had  previously  been  secreting  actively.    With  regard 
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to  the  oiiganie  constituents  the  precise  result  obtamed 
the  condition  of  the  gland,     K  pre\ious  to  the  stimulation  thef 
was  in  a  resting  condition  and  imfatigued,  tJien  increased  \ 
of  stimidation  is  foUo wed  at  first  by  a  rise  in  the  percentage  < 
constituents,  and  this  rise  in  the  beginning  is  more  markedl 
the  case  of  the  salts.     But  with  continued  stimulation  thei 
in  organic  nmterial  soon  ceases,  and  finally  the  amount  begins  fl 
to  diminish,  and  may  fall  to  a  low  point  in  spite  of  the  i 
stimulation.    On  the  other  hand,  if  the  gland  at  the  1 
experiment  had  been  pre\iously  worked  to  a  considerable 
then  an  increase  in  the  stimidating  current,  while  it  au 
amount  of  water  and  salts,  either  may  have  no  effect  at  all  \ 
organic  constituents  or  may  cause  only  a  temporary  incp 
followed  by  a  fall    Similar  results  may  be  obtained  from  t 
of  the  cerebral  nerves  of  the  parotid  gland.     The  above  factsl 
Heidenhain  to  believe  that  the  conditions  determining  the  i 
of  the  organic  nmterial  are  difiTerent  from  those  controlling  I 
and  salts,  and  he  gave  a  rational  explanation  of  the 
obser\^ed,  in  his  theor>^  of  trophic  and  secretory  filjers. 

Theory  of  Trophic  and  Secretory  Nerve  Fibers. — This  I 
supjxkses  that  two  phymological  varieties  of  nerve  filjers  are  < 
uted  to  the  sali\'an^  glands.    One  of  these  varieties  coutiolli 
secretion  of  the  water  and  inorganic  salts  and  its  fibers  may  1 
secretory"  fibers  proper,  while  the  other,  to  which  the  namsl 
is  given,  causes  the  formation  of  the  organic  constituents  of  the  i 
tion,  probably  by  a  direct  influence  on  the  metabolism  of  I 
Were  the  trophic  filiers  to  act  alone,  the  oi^nic  products } 
fonned  wthin  the  cell,  but  there  would  be  no  visible  seer 
this  is  the  hypothesis  which  Heidenhain  uses  to  explain  the  i 
the  experiment  described  abov^e  upon  stimulation  of  the  simp 
fibers  to  the  parotid  of  the  dog.     In  this  animal,  app 
s>'mpathetic  branches  to  the  parotid  contain  exclusivrfy  < 
exclxisively  trophic  fibers,  while  in  the  cerebral  branches  both  1 
and  secretor}'  fillers  proper  are  present.    The  results  of  j 
of  the  cerebral  and  sympathetic  bmnches  to  the  subc 
of  the  same  animal  may  be  explained  in  terms  of  this 
supposing  that  in  the  latter  nen^e  trophic  fibers  prepon 
in  the  former  the  secretor>'  fibers  proper. 

It  is  obxious  that  this  anatomical  separation  of  the 
fibers  along  the  cerebral  and  sympathetic  paths  may  bei 
individual  variations,  and  that  dogs  may  be  found  in  which  I 
pathetic  branches  to  the  parotid  glands  contain 
proper,  and  therefore  give  some  flow  of  secretion  on 
These  variations  might  also  be  expected  to  be  more 
animals  of  different  groups  arc  compared.    Thus, 
♦**Jourmd  of  Physiology,"  1,  96^  1878, 
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hat  in  cats  the  S3niipathetic  saliva  from  the  submaxillary  gland  is 
lesB  viscid  than  the  chorda  saliva, — ^just  the  reverse  of  what  occurs 
mthe  dog.  To  apply  Heidenhain's  theory  to  this  case  it  is  necessary 
to  assume  that  in  the  cat  the  trophic  fibers  run  chiefly  in  the  chorda. 

The  way  in  which  the  trophic  fibers  act  has  been  briefly  indicated. 
They  may  be  supposed  to  set  up  metabolic  changes  in  the  proto- 
phon  of  the  cells,  leading  to  the  formation  of  certain  definite  prod- 
TKts,  such  as  mucin  or  ptyalin.  That  such  changes  do  occur  is 
ibandantly  shown  by  microscopical  examination  of  the  resting  and 
the  active  gland,  the  details  of  which  will  be  given  presently.  In 
SBoeral,  these  changes  may  be  supposed  to  be  catabolic  in  nature; 
that  is,  they  consist  in  a  disassociation  or  breaking  down  of  the 
complex  living  material,  with  the  formation  of  the  simpler  and 
more  stable  organic  constituents  of  the  secretion.  That  these 
dianges  involve  processes  of  oxidation  is  shown  by  the  fact  that 
dming  activity  the  gland  takes  up  more  oxygen  and  gives  off  more 
earbon  dioxid.  There  is  evidence  to  show  that  these  gland  cells 
daring  activity  form  fresh  material  from  the  nourishment  supplied 
by  the  blood;  that  is,  that  anabolic  or  building-up  processes  occur 
along  with  the  catabolic  changes.  The  latter  are  the  more  obvious, 
and  are  the  changes  which  are  usually  associated  with  the  action 
of  the  trophic  nerve  fibers.  It  is  possible,  also,  that  the  anabolic 
or  growth  changes  may  be  under  the  control  of  separate  fibers, 
fcr  which  the  name  anabolic  fibers  would  be  appropriate.  Satis- 
lactory  proof  of  the  existence  of  a  separate  set  of  anabolic  fibers  has 
not  yet  been  furnished. 

The  method  of  action  of  the  secretory  fibers  proper  is  difficult  to 
viderstand.  At  present  the  theories  suggested  are  entirely  specula- 
two.  Experiments  have  shown  that  the  amount  of  water  given 
<*  from  the  blood  during  secretion  is  somewhat  greater  than  the 
^DKHint  contained  in  the  saliva,*  and  there  is  reason  to  believe  that 
Ihe  difference  between  the  two  is  accounted  for  by  an  increase  in 
tte  flow  of  lymph  from  the  gland  during  activity.  A  satisfactory 
ttplanation  of  the  causes  leading  to  and  controlling  the  flow  of 
'tater  cannot  yet  be  given.  In  a  general  way  it  has  been  assumed 
ttat  the  effect  of  the  nerve  impulses  is  to  cause  the  production 
^  substances  within  the  cells  whereby  their  osmotic  pressure 
JB  increased,  and  a  stream  of  water  is  set  up  from  the  blood  in 
tte  capillaries  toward  the  gland  cells,  but  it  cannot  be  said  that 
Ibis  assumption  has  been  supported  by  the  experiments  so  far 
lHade.t  We  must  limit  ourselves  to  the  more  general  statement 
that  the  activity  of  the  cells  themselves  initiates  and  controls 
the  flow  of  water. 

♦Barcroft,  ''Journal  of  Physiology,"  1900,  25,  479. 
t Carlson,  Greer,  and  Becht,  '* American  Journal  of  Physiology,"  19,  360, 
807. 
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Histological  Changes  During  Activity. — The  cells  of  boththt 
albuminous   and    mucous   glands   undergo   distinct  hiatolo^ 
changes  in  consequence  of  prolonged  activity,  and  these  chiABB 
may  be  recognized  both  in  preparations  from  the  fresh  ^ittl  I 
and  in  preserved  specimens.     In  the  parotid  gland  Hei<ieftii*a» 
studied   the   changes    in   stained   sections   after   hardeomg  « 
alcohol.     In   the  resting  gland   the  cells   are  compactly  fiil»i 
with  granules  that  stain  readily  and  are  imbedded  in  a  dctf 
ground  substance  that  does  not  stain.     The  nucleus  is  suiaJlao<i 
more   or  less  irregular  in   outline.     After  stimulation  of  il» 
tympanic  nerve  the  cells  show  hut  little  alteration*  but  sttimull^ 
tion  of  the  sympathetic  produces  a  marked  change.     ThecAj 
become  smaller,  the  nuclei  more  rounded,  and  the  granules  aort  j 
closely   packetl.     This  last  appearance  seems,   however,  lob»l 
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Fir.  200 — Pnrotid  gUnd  of  the  mbbit  hi  a  frttab  sUte,  ahofwukff  poitiotti  al  tif  i 
ing  ttibuleii:  A,  In  a  re^tinjt  condition:  0,  after  fiBeretioa  aiiMwd  py  piloeafpfai^  C*i 
etroDger  Eecretinn,  (liUa^arpin  and  HtknulAtton  of  BympAtbttk»;  X>«  «fli 
BtUniiLatiun  or  Hympatbetic. — {Attf.T  LangUpr) 


due  to  the  hardening  reagents  uaed.    A  truer  picture  of  whatc 
may  be  obtained  from  a  study  of  sections  of  the  fresh  glaiKL 
ley,*  who  first  used  this  method,  describes  his  results  as  I 
When  the  aniuial  is  in  a  fajsting  condition  the  cells  have  a  | 
appearance  throughout  their  substance,  the  outlines  of  the  < 
cells  being  faintly  marked  by  light  lines  (Fig.  290,  .4)*    Wkai' 
gland  is  made  to  secrete  by  giving  the  animal  food,  by 
pilocarpin,  or  by  stimulating  the  S}^ni pathetic  nerv*es,  the  pw^l 
begin  to  disappear  from  the  outer  borders  of  the  cells  (Fig.  290*  ^J 
*  "Journal  of  Physiology/'  2,  260,  1879. 
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each  cell  now  shows'an  outer,  clear  border  and  an  inner 
•anular  one.  If  tlie  stimulation  is  euntinued  the  granules  become 
wer  in  number  and  are  collected  near  the  lumen  and  the  margins 
[  the  cells,  the  clear  zone  increases  in  extent,  and  the  cells  become 
Bailer  (Fig,  290,  C,  Z>).  Evidently  tlie  granular  material  is  used 
I  some  way  to  make  the  organic  material  of  the  secretion.  Since  the 
tyalin  is  a  conspieaous  organic  constituent  of  the  secretion^  it  is 
Bsumed  that  the  granules  in  the  resting  gland  contain  the  ptyalin, 
r  rather  the  prelmiioar}'  nmterial  from  wliich  the  ptyalin  is  con- 
tructed  dnring  the  act  of  secretion.  On  this  latter  assumption  the 
mnules  are  frequently  8|X)ken  of  as  zymogen  gramilea.  During  the 
ct  of  secretion  two  distinct  processes  seem  to  l>e  going  on  in  the  cell, 
aving  out  of  considemtion^  for  the  moment,  the  secretion  of  the 
iter  and  the  salts.  In  the  first  place,  the  zymogen  granules  undei^go 
cbaDg)^  such  that  the}^  are  forced  or  disatjlved  out  of  the  cell,  and, 
seoDd,  a  constructive  metabolism  or  anabolism  is  set  up,  leading  to 
»e  formation  of  new  pro- 
•plasmic  material  frtim 
e  substances  contained 
the  blood  and  lymph, 
le  new  material  thus 
nned  is  the  clear,  non- 
wiiilar  substance, 
hich  appears  first 
^ard  the  basal  sides  of 

r&lls.  We  may  sup- 
that  the  clear  sub- 
mce  during  the  resting 
riods  imdergoes  meta- 
lie  changes,  whether  of 
catabolic  or  anabolic 
iracter  can  not  be 
ely  asserted,  leading  to  the  formation  of  new  granules,  and  the 
Is  are  again  ready  to  form  a  secretion  of  nonnal  comport  ion. 
should  be  liome  in  mind  that  in  these  experiments  the  glands 
re  stimulated  beyond  normal  limits.  Under  ordinary  conditions 
I  cells  are  probably  never  depleted  of  their  granular  material  to 
k  extent  represented  in  the  figures. 

In  the  cells  of  the  mucous  glands  changes  equally  marked  may 
observed  after  ]>roIonged  activity.  In  stained  sections  of  the 
ting  gland  the  cells  are  large  and  clear  (Fig.  291),  wdth  flattened 
:Iei  pificed  well  toward  the  base  of  the  cell.  When  the  ghmd  is 
de  to  secrete  the  nuclei  become  more  spherical  and  lie  more 
mrd  the  middle  of  the  cell  and  the  cells  tiiemselves  Ijecome 
tjnctly  smaller.  After  prolonged  seci-etiort  the  changes  become 
1  marked  (Fig.  292)  and,  according  to  Heidenhain,  some  of  the 


Fig..  291.-^Mucoua  gUtid:  submajdilary  of  do^;  resU 
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Fig.   292r — Mucoua    inland;     BUbmaTiUAry    of 
dog  after  elfi^t  houjTj'  rtiniuljitioD  of    tho  chorda 


mucous  cells  may  break  down  completely.  According  to  roofl  rf 
the  later  observers,  however,  the  mucous  cells  do  not  actually di*- 
integrate,  but  form  jigain  new  material  during  the  period  of  re«t,»ia 
the  ease  of  the  goblet  cells  of  the  intestine*  In  the  mucous  as  ifitb 
albimiinous  cells  obsen-ations  upon  pieces  of  the  fresh  gland  8M 
to  give  more  relialile  results  than  those  upon  preserved  qMQXA 
Langle>'*  has  sliown  that  in  the  fresh  mucous  cells  of  theiubmB* 
illar\^  gland  numerous  lai^e  granules  may  be  discovered,  about  BJ 

to  250  to  a  cell.    Thai 
rlgtih  granules  are  compaiabk  to 

/C ^^  yi|K       those  found  in  the  gobk* 
/  xi  in       cells  ^  and  may  be  inti^ 

preted  as  consigting  of  tti^ 
cin  or  some  pr^paiatorr 
material  from  which  looeiB 
is  formed.  The 
are  sensitive  to 
addition  of  water 
them  to  swell  up  AiKlfr| 
appear.  It  may  be 
sumed  that  this 
during  secretion,  thej 
ules  !)€coming  converted  to  a  mucin  mass  which  is  extiuded 
the  cell. 

Action  of  Atropin,  Pilocarpin,  and  Nicotin  upon  theSecre* 
tory  Nerves* — ^The  action  of  drugs  upon  the  salivary*  ^i&ads 
their  secretions  belongs  properly  to  pbarmacolog>',  but  the 
of  the  tlu^e  chugs  mentioned  are  so  decided  that  they  hM  » 
peculiar  physiological  interest,     Atropin  in   small  doees  mfn^ 
either  into  the  blood  or  into  the  gland  duct  prevents  the  aeticarf 
the  cei^bral  autonomic  fibers  (tympanic  nerv^e  or  chorda  tywffti 
upon  the  glands.    This  effect  may  be  explained  by  aasmmflf  4i%  ^ 
the  atropin  paralyzes  the  endings  of  the  cerebral  fibers  in  the  gimd^ 
That  it  does  not  act  directly  upon  the  gland  cells  themselvtfWim 
to  be  assured  by  the  interesting  fact  that,  with  doses  soffician  ^ 
throw  out  entirely  the  secreting  action  of  the  cerebral  Sba^  ^^ 
^mpathetic  fibers  are  still  effective  when  stimulated.    Hli>c^w^ 
has  directly  the  opposite  effect  to  atropin.    In  minimal  «^    ^* 
sets  up  a  continuous  secretion  of  saliva,  which  may  be 
the  supposition  that  it  stimulates  the  endings  of  the  f 
in  the  gland.    Within  certain  limits  these  drur* 
other, — that  is,  the  effect  of  pUocarpin  may  be 
eecjuent  application  of  atn>{)in,  and  rice  nran 
to  the  experiments  of  Lanajley^f  prevents  the  % 
♦'■Journal  of  Physiology."  H).  433,  1889. 
t '* Proceedings  of  the  Royal  Society,**  Loud 
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Normal  Mechanism  of  Salivary  Secretion. — Under  normal  cf)6» 
ditioiis  the  flow  of  saliva  from  the  salivary  ghmds  is  the  rc^uUol 
reflex  stimylation  of  the  secretory  nerves.  The  sensory  fibm 
'concerned  in  this  reflex  must  be  chiefly  fibers  of  the  glossophnmh 
geal  and  lingual  nerves  supplying  the  mouth  and  tongue.  Sipd 
bodies  and  various  other  chemical  or  mechanical  stimuli  appW 
to  the  tongue  or  mucous  membrane  of  the  mouth  produce  i 
flow  of  saliva.  The  normal  flow  during  masticatioti  rotat 
be  effected  by  a  reflex  of  this  kind,  the  sensory  iffl- 
pulse  being  carried  to  a  center  and  then(*e  transmitted  throu^ 
the  efferent  nerves  to  the  glands.  It  is  found  that  section 
of  the  chorda  prevents  the  reflex,  in  spite  of  the  fact  that  tte 
sympathetic  fibers  are  still  intact.  No  satisfactory  explanttiaal 
of  the  normal  functions  of  the  secretcrv^  fillers  in  the  sympatbetk 
has  yet  been  given.  \'arious  authors  have  suggest^ed  that  poflBJf 
the  tliree  large  salivary  glands  resjxmd  nonnally  to  different  fStiwsJL 
This  view  has  been  supported  b}^  Paw  low,  who  reports  that  ifl 
the  dog  at  least  the  parotid  and  the  submaxillar^^  may  react  qmtt 
differently-  When  fistulas  were  made  of  the  ducts  of  these  ^andi it 
was  found  that  the  submaxillary  resi)onded  readily  to  a  gnest  I 
ber  of  stimuli,  such  as  the  sight  of  food,  chewing  of  meats^  aeiib^^ 
The  parotid,  on  the  contraiy*  seemed  to  react  only  when  diyfo^Lj 
dr}'  powdered  meat,  or  bread  w^as  placefl  in  the  mouth.  DrvMS'l 
this  case  appeared  to  be  the  eflRcient  stimulus. 

Pawlow  lays  gresit  stre?vs  iiywn  the  adaptability  of  the  s^K-retioa  <  , 
to  the  character  of  tlie  rnaierial  t  hewed.     Dry,  sohd  f<xxi  stinniLitMl 
flow  of  saliva,  such  as  is  iiece8*:ary  in  oriler  to  chew  it  pr<^perly  »nd  t«| 
into  a  bolus  for  swallowing,     Fcxxls  contabimg  much  water.  c»n  the  c 
excite  but  little  flow  of  sahva.     If  one  places  a  hoadful  of  clean  i 
t  he  mouth  of  a  dog   he  will  move  them  around  with  his  totifu^  for  i  ^ 
and  then  drop  them  from  his  mouth;  but  little  or  no  ^iva  U  mer 
If  the  *iame  material  is  given  in  the  form  of  fine  «i&nd  a  rich  flow  a  i 
IS  produced,  and  the  neccs^sity  for  the  reflex  is  evident  in  ihtu  case,  ' 
otherwise  the  material  could  not  be  convenientiy  removed  froni  tbe»< 
Such  atlaptation»  must  te  regarde<^l  froni  the  physiologic*!  point  oii 
as  special  reflexes  depending  upon  some  difference  in  the  nervotttt  n""*-* 
set  into  play»* 

Since  the  flow  of  saliva  is  normally  a  definite  reflex,  we  < 

expect  a  distinct  8tilivar>'  secretion  center.    This  center  has ' 

located  by  physiological  means  in  the  medulla  oblongata:  its* 

position  is  not  clearly  defined,  Init  ix>ssibly  it  is  represented  f 

nuclei  of  origin  of  the  sccretor}'  fillers  which  leave  the 

way  of  the  facial  and  glossophary-ngeid  nerv^es.     Owiiur  to  the ' 

connections  of  ner%^e  cells  in  the  central  ner\'oiis  s>*stcin,  wei 

expect  this  center  to  be  affecteti  by  stimuli  from  varioitB  : 

♦See  Pawlow.   '"  Thi»  Work   of  tlie    Diice?tive   Glamls."   tnuiiUUB  1 
Thompson.  I^ndon,  11102:  also  '*  Ergebnisse  der  Physiologie,"  vol  iii,  j 
1904,  and  "Archives  in  te  matj  onaies  de  physiologic/ '  I,  IIB,  1001. 
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is  a  matter  of  fact,  it  is  known  that  the  center  and  through  it  the 
^ds  may  be  called  into  activity  by  stimulation  of  the  sensory 
Bbere  of  the  sciatic,  splanchnic,  and  particularly  the  vagus  nerves. 
Bo,  too,  various  psychical  acts,  such  as  the  thought  of  savory  food  and 
Bbe  feeling  of  nausea  preceding  vomiting,  may  be  accompanied  by  a 
km  of  saliva,  the  effect  in  this  case  being  due  probably  to  stimula- 
Son  of  the  secretion  center  by  nervous  impulses  descending  from  the 
k^ber  nerve  centers.  Lastly,  the  medullary  center  may  be  inhibited 
18  wdl  as  stimulated.  The  well-known  effect  of  fear,  embarrassment, 
v  anxiety  in  producing  a  parched  throat  may  be  explained  in  this 
vay  as  due  to  the  inhibitory  action  of  nerve  impulses  arising  in  the 
n^ral  centers. 

Electrical  Changes  in  the  Gland  during  Activity  .—It  has  been 
hown  that  the  salivary  as  well  as  other  glands  suffer  certain  changes 
D  electrical  potential  during  activity  which  are  comparable  in  a  gen- 
ibI  way  to  the  "action  currents"  observed  in  muscles  and  nerves.* 

The  Digestive  Action  of  Saliva — Ptyalin.— The  digestive  action 
ioper  of  the  saliva  is  limited  to  the  starehy  food.  In  human 
eings  and  most  mammals  the  saliva  contains  an  active  enzyme 
ekmging  to  the  group  of  diastases  and  designated  usually  as  ptyalin 
r  aalivaiy  diastase.  It  may  be  prepared  in  purified  form  from  saliva 
r precipitation  with  alcohol,  but  its  chemical  nature,  like  that  of  the 
ier  enzymes,  is  still  an  unsolved  problem.  Saliva  or  preparations 
'  ptyalin  act  readily  upon  boiled  stareh,  converting  it  into  sugar 
id  dextrin.  This  action  may  be  demonstrated  very  readily  by 
Ming  a  little  stareh  paste  or  starehy  food,  such  as  boiled  potatoes, 
the  mouth  for  a  few  moments.  If  the  solution  is  then  examined  the 
^esence  of  sugar  is  readily  shown  by  its  reducing  action  on  solutions 
copper  sulphate  (Fehling's  solution).  There  is  no  doubt  that  the 
tion  of  ptyalin  upon  the  starch  is  hydrolytic.  Under  the  influence 
the  enzyme  the  starch  molecules  take  up  water  and  undergo 
avage  into  simpler  molecules.  The  steps  in  the  process  and  the 
al  products  have  been  investigated  by  a  very  large  number  of 
vkeis,  but  much  yet  remains  in  doubt.  The  following  points 
^  to  be  determined:  The  end-result  of  the  reaction  is  the 
mation  of  maltose,  a  disaccharid,  having  the  general  formula 
tHgOu,  and  some  form  of  dextrin,  a  non-crystallizable  poly- 
ficharid.  When  the  digestion  is  effected  in  a  vessel  some  dextrose 
iHoO,)  may  be  found  among  the  products,  but  this  is  explained  on 
e  assumption  that  there  is  present  in  the  saliva  some  maltase,  an 
tyme  capable  of  splitting  maltose  into  dextrose.  So  far  as  the 
jralin  itself  is  concerned,  its  specific  action  is  to  convert  starch  to 
Utose  and  dextrin.    It  seems  ver>^  certain,  however,  that  a  number 

♦SeeBiedermann,  '*  Electro-physiology,"  translation  by  Welby,  London, 
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of  interoiediate  products  are  formed  consisting  of  a  variety  of  dtt* 
trins,  so  that  the  hydrolysis  probably  takes  place  in  sucdWll 
stages.    There  is  litde  agreement  as  to  the  exact  nature  of  the  i 
tenneciiate  dextrins.    The  folloi^ir^  facts,  however,  maybeet^f] 
demonstrated  in  a  salivary"  digestion  carried  on  in  a  xeassi  aod  < 
amined  from  time  to  time.     The  starch  at  fii^t  gives  its 
reaction  with  iotiin ;  later,  instead  of  a  blue,  a  red  reaction  is  c 
with  iodin,  and  this  kis  been  attributed  to  a  special  form  erf i 
erythrodextrinp  so  namai  on  account  of  its  red  reaction.    Still  1 
this  reaction  fails  and  chemical  examination  shoe's  the  prsence  ( 
maltose  and  a  form  of  dextrin  which  gives  no  color  reaction 
iodin  and  is  therefore  named  achrorklextrin.     \\Tiile  the  nu 
of  inteniiediate  products  ma}'  be  large,  the  main  result  of  the  aetaoij 
of  the  ptyalin  is  expressed  by  the  following  simple  schema : 

The  products  formed  in  this  reaction  are  probably  not  absorbed  3 
such.    The  absorption  takes  place  mainly  no  doubt  after  the  1 
reaches  the  small  intestine,  and  we  have  evidence,  as  will  be ) 
that  heforc  absorption  the  maltose  and  the  dextrin  are  acted  tipool 
the  inverting  enzymes  (maltase)  and  conve-rted   into   the 
sugar,  dextrose.    The  i>tyalin  digestion  seems  therefore  to  be  ] 
parator>%  and  the  combined  action  of  ptyalin  and  maltase  is  i 
to  get  the  starch  into  a  condition  ready  for  nutrition.    By  w$t< 
comfmrison  it  is  interesting  to  remember  that  when  starch  is  1 
with  dilute  acids  it  is  hydmlyzed  at  once  to  dextrose.    A  quatioac 
practical  importance  is  as  to  how  far  salivar>''  digestion  affects  1 
starchy  foods  imdcr  usual  circumstances.    The  chewing  pn)«»  U 
the  mouth  thoroughly  mixes  the  food  and  saliva,  or  should  *h  i 
but  the  Iwlus  is  swallowed  much  too  quickly  to  enable  the  enjt>| 
complete  its  action.     In  the  stomach  the  gastric  juice  is  i 
acid  to  destroy  the  ptyalin,  and  it  was  therefore  supposed  fo 
that  salivan^  digestion  is  promptl\'  arrested  on  the  entrance  i 
food  int'O  the  stomach,  and  is  therefore  normally  of  but  little^ 
as  a  digestive  process,    ihir  recent  increase  in  knowleclge  i 
the  contiitions  in  the  stomach  (p,  710)  shows,  on  the  contrarr,  1 
some  of  the  food  in  an  ordinary-  meal  may  remain  in  the  ] 
end  of  the  stomach  for  an  hour  or  more  untouched  by  the  j 
secretion.    There  is  ever>'  reason  to  l>elieve»  therefore,  tiiat  ali^ 
digestion  may  be  carried  on  in  the  stomach  to  an  important  ert<i*»l 
Conditions  Influencing  the  Action  of  Ptyalin.—TfmjKntfJrtj 
— ^As  in  the  case  of  the  other  enzymes,  pt^'alin  is  ver^"  susceptibte  t 
changes  of  temperature.  At  i)^  C.  its  activity  is  said  to  be  i 
entirely.    The  intensity  of  its  action  increases  with  increwe 
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■cmperature  from  this  point,  and  reaches  its  maximum  at  about 
K)^  €.  If  the  temperature  is  raised  much  beyond  this  point,  the 
icfan  decreases,  and  at  from  65®  to  70®  C.  the  enzyme  is  destroyed 
i  these  latter  points  ptyalin  differs  from  diastase,  the  enzyme  of 
odt  Diastase  shows  a  maximum  action  at  50®  C.  and  is  destroyed 
t80®G 

Effect  of  Reaction. — ^The  normal  reaction  of  saliva  is  slightly 
Ikaline  to  litmus.  Chittenden  has  shown,  however,  that  ptyalhi 
Bts  as  well,  or  even  better,  in  a  perfectly  neutral  medium.  A 
nog  alkaline  reaction  retards  or  prevents  its  action.  The  most 
wAed  injQuence  is  exerted  by  acids.  Free  hydrochloric  acid 
}  the  extent  of  only  0.003  per  cent.  (Chittenden)  is  sufficient 
)  practieally*stop  the  amyloljrtic  action  of  the  enzyme,  and  a 
i^t  further  increase  in  acidity  not  only  stops  the  action,  but  also 
estroys  the  enzyme. 

Condition  of  the  Starch, — It  is  a  well-known  fact  that  the  conver- 
OQ  of  starch  to  sugar  by  enzymes  takes  place  much  more  rapidly 
iih  cooked  starch — ^for  example,  starch  paste.  In  the  latter  ma- 
nal  sugar  begins  to  appear  in  a  few  minutes,  provided  a  good 
ttjme  solution  is  used.  With  starch  in  a  raw  condition,  on  the 
Btniy,  it  inay  be  many  minutes,  or  even  several  hours,  before 
Vur  can  be  detected.  The  longer  time  required  for  raw  starch  is 
tttly  explained  by  the  fact  that  the  starch  grains  are  surrounded 
r&  layer  of  cellulose  or  cellulose-like  material  that  resists  the  action 
t  ptyalin.  When  boiled,  this  layer  breaks  and  the  starch  in  the 
rtedor  becomes  exposed.  In  addition,  the  starch  itself  is  changed 
UDDg  the  boiling;  it  takes  up  water,  and  in  this  hydrated  condition 
Hcted  upon  more  rapidly  by  the  ptyalin.  The  practical  value  of 
BokiDg  v^etable  foods  is  evident  from  these  statements. 

IHmctions  of  the  Saliva. — In  addition  to  the  digestive  action  of 
IB  saliva  on  starchy  foods  it  fulfills  other  important  fimctions.  By 
Qfatening  the  food  it  enables  us  to  reduce  the  material  to  a  consis- 
fy  suitable  for  swallowing  and  for  manipulation  by  the  tongue  and 
V  muscles.  Moreover,  the  presence  of  mucin  serves  doubtless 
H  kind  of  lubricator  that  insures  a  smooth  passage  along  the 
pbAgftftl  canal.  Finally  by  dissolving  dry  and  solid  food  it  pro- 
te  a  necessary  step  in  the  process  of  stimulating  the  taste  nerves, 
I,  as  is  described  below,  the  activity  of  the  taste  sensations  may 
^  an  important  part  in  the  secretion  of  the  gastric  juice. 
48 
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The  muscular  mechanisms  by  means  of  which  the 
charged  ^ith  food  and  in  turn  dischai^ged,  small  portions  ttii 
into  the  duodenum  have  J>een  described.    The  present  chupterd 
only  wth  the  chemical  and  mechanical  changes  in  the  food  i 
its  stay  in  the  stomach  and  the  extent  to  which  the 
digestion  are  aksorbed. 

The  Gastric  Glands. — ^The  tubular  glands  that  penoeilll 
mucous  nxembrane  of  the  stonmch  throughout  its  entire  extCBir 
in  their  histological  structure,  and  therefore  doubtless  in  ibori 
tion,  in  different  parts  of  the  stomach.     Two,  sometimes  thm^^ 
of  glands  are  cUstingiiished, — the   pyloric,   fundic  (and  t$M 
Those  in  the  pyloric  part  of  the  stomach  (antrum  pylori)  9nM 
aeterized  chiefly  by  the  fact  that  in  the  secreting  part  of  the  tM 
only  one  type  of  gland  cell  is  found,  the  chief  or  peptic  cell,  wiSti 
the  remainder  of  the  stomach,  but  particularly  in  the  nAMfc^ 
prepyloric  region  the  glancls  (fundic  glands)  are  distiogui^idbf  til 
presence  of  two  types  of  cells, — the  chief  or  central  cells  aai^N 
so-called  parietal  or  liorder  cells  (Fig.  293),     The  third  t\T>  a 
cardiac  glands^  is  found  around  the  cardia,  but  lis  area  or 
tion  varies  in  different  animals,  and  its  histological  charsu^u'^-'  - 
are  not  very  definite.*     There  seems  to  be  a  general  agrpfrrif^^rt  tei 
the  central  cells  furnish  the  tligestive  enzymes  of  tl 
pepsin  and  ronnin^anil  the  parietal  cells  the  hydro  .♦.•• 
From  a  physiological  standjxjint  it  is  important  to  renieinl)«r  tfc^ 
the  parietal  cells  are  massed,  as  it  were,  in  the  glands  of  tl^^      ''^ 
or  prepyloric  region  of  the  stomach,  that  they  are  scant; 
fundus,  and  absent  in  the  pyloric  region.     This  fact  b 
to  the  eye  by  the  deeper  red  or  browTiish  color  of  tht 
membrane  in  the  prepyloric  portion.     Grutznerf  calle<i 
attention  to  this  relation,  and  in  connection  with  the  dr 
m  movements  of  these  two  part-s  of  the  stomach  he  sugg' 
normally  the  bulk  of  the  food  toward  the  fundus  become- 
nated  first  with  pepsin;  then,  as  it  is  slowly  moved  inlc*  i- 
pyloric  region,  the  acid  constituent  is  added.     The  pyloric  j 
are  said  (Heidenhain)  to  secrete  an  alkaline  liquid  oouU 
pepsin,  and,  according  to  Edkins  and  Starling,  they  fornii 
stance  which  is  capable  of  acting  as  a  eheniic^  excitant  to 

•5^  Haane^  "Arrhiv  f.  Anatomie,"  1905,  1. 
t  Griitzner,  *'Archiv  f .  die  gesammte  Physiolo^e/'  106^  463,  IW- 
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pecreting  the  gastric  juice  {gastric  secretin  or  gastric  hor- 

[ological  Changes  in  the  Gastric  Glands  durnig  Secretion. — 

b  of  the  gastric  glandj^,  especially  the  so-called  central  cells, 
Istinct  changes  a«  the  result  of  prolonged  activity.  Upon 
ed  specimens*  taken  from  dogs  ft^d  at  intervals  of  twenty- 
jors,  Heidenhain  foimd  that  in  the  fasting  condition  the 
bells  were  large  and  clear,  that  during  the  first  six  hours  of 
II  the  central  cells  as  well  im  the  lx>rder  cells  increased  in 


M 


w 


31juid&  af  the  fundus  (doe):    A  and  .4^  during  hunKi^r,  resting  candition^ 
[fhe  first  stage  of  digestion;    C  and  D,  the  fecMjnd  ata^  of  diigestion,  showitig 
lion  m  the  fii£e  uf  the  ''chief"  or  csentrel  oeiU.— {After  ifeidimAasit.} 

_  that  in  a  second  period,  extending  from  the  i^ixth  t4>  the 
ll  hour,  the  central  ceJLs  became  gradually  smaller,  wliile 
letal  cells  remained  large  or  even  increased  in  size.  After 
benth  hour  the  central  cells  increased  in  size,  gradually 
Iback  to  the  fasting  (^ontlition  (see  Fig.  293), 
feleyt  has  succeeded  in  following  the  changes  in  a  more  satis- 
pay  by  observations  made  directly  uixjn  the  living  gland* 

Btarling^  *' Physiology  of  SiM^retJon/^  Chicago,  1906,  and  Edkins, 
tof  PhyJology/'  1906.  xxxiv.,  133, 
juraal  of  Physiology/^  3,  260,  1880. 
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He  finds  that  the  central  cells  in  the  fasting  sta,ge  are  cl 

granules,  and  that  during  digestion  the  granules  are         

appearing  first  from  the  base  of  the  cell,  which  then  becoiod 
wiih  a  non-granular  nmterial.  Obsen^ations  similar  to  thorn 
upon  other  glands  demonstrate  that  these  granules  represent 
probabifity  a  preliininar>^  material  from  which  the  gastric  en 
are  made  during  the  act  of  secretion.  The  granules,  therefaj 
sometimes  descriijed  as  zj^nogen  granules. 

Means  of  Obtaining  the  Gastric  Secretion  and  itt 
Composition.^ — The  secretion  of  the  gastric  membrane  is  foil 
the  minute  glands  scattered  over  its  surface.  As  there  is  n^ 
mon  duct,  the  difficulty  of  obtaining  the  secretion  for  ana^ 
experiment  is  considerable.  This  difficulty  has  been  overod 
different  times  by  the  invention  of  special  methods,  | 

The  older  methods  used  for  obtaining  normal  gastric  juic| 
ver>'  unsatisfactory.  An  animal  was  made  to  swallow  I 
sponge  to  which  a  string  was  attached  so  that  the  spoQgl 
afterward  be  removed  and  its  contents  be  squeezed  out;  or' 
made  to  eat  some  indigestible  material,  to  start  the  secrd 
juice;  the  animal  was  then  killed  at  the  proper  time  and 
tents  of  its  stomach  were  collected. 


The  experiments  of  the  older  obserx'ers  on  gastric  digeetio 
those  of  the  Abb6  Spallansiani  (1729-1799),  furnish  most  iiite 
Spallan74ini^  not  content  wilh  making  experiments  on  niu 
(frogs,  birds,  mammals,  etc)  had  the  courage  to  cany  out  m  ^  . 
upon  himself.  He  HwaUowe<l  foods  of  various  Kinds  and  in  various  od 
sewed  in  iinen  hags  or  inclosed  in  perforated  wooden  tubes  whidil 
were  covered  witli  linen.  The  bags  and  tubes  were  subsequcotlyl 
in  the  stools  anti  were  examined  as  to  the  amount  and  nature  of  thair  t4 
He  seems  to  have  exj^rieneetl  no  injury  from  UU  experiment?,  il 
normally  his  powers  ot  digestion  were  quite  feeble.    As  prt^^  1 

uniting  power  of  the  stomaeh  Is  not  very  ereat  he  calla  attt 
that  some  of  the  wcxHien  tid^t^  were  made  very  thin»  &o  tiiat  mc  -sJ 
pressure  woidd  crush  them,  and  yet  they  were  voided   uninjured,    t 
lie  found  that  cherries*  and  grapes  when  swallowed  whole,  even  if  I 
ripe,  were  usually  passed  unbroken. 

A  better  methocl  of  ohtiiining  normal  juice  was  suggested  I 

famous  obsen'atious  of  Heaiiniont*  upon  Alexis  St,  Marttfl 

Martin,  by  the  premature  discharge  of  his  gun,  was  wounded! 

abdomen  and  stomarh.     On  healing,  a  fistulous  opening  remii 

the  abdominal  wall,  leading  into  the  stomach,  so  that  the  «j 

of  the  latter  could  be  insi:«cted.    Beaumont  made  muneroul 

eating  and  most  valuable  observ^ations  upon  his  patient.    Stn^ 

time  it  lias  tecome  customary  to  make  fistulous  opeoingn  U 

stomarhH  of  dogs  whenever  it  is  necessarj^  to  have  the  Qomi 

for  examinntion.     Formerly  a  silver  cannula  was  placed  i 

♦  Beaumont,  '*The  Physiology  of  DiKej^ion/*  1833;  second  edfliJ 
For  a  biojjraphical  account  of  Beaumont ,  aoe  Osier,  "Journal  of  llii  JM 
Me<liral  Association/'  November  15,  1902, 
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fttula,  and  at  any  time  the  plug  closing  the  cannula  might  be  re- 
moved and  gastric  juice  be  obtained.  In  some  cases  the  esophagus 
ks  been  occluded  or  excised  so  as  to  prevent  the  mixture  of  saliva 
with  the  gastric  juice.  Gastric  juice  may  be  obtained  from  human 
Wngs  also  in  cases  of  vomiting  or  by  means  of  the  stomach  tube, 
but  in  such  cases  it  is  necessarily  more  or  less  diluted  or  mixed  with 
fopd  and  cannot  be  used  for  exact  analyses,  although  specimens 
rf  gastric  juice  obtained  by  these  methods  are  employed  in  the 
dagnosis  and  treatment  of  gastric  troubles. 

From  the  standpoint  of  experimental  investigation  a  veiy  im- 
portant addition  to  our  methods  was  made  by  Heidenhain,  This 
cbeerver  showed  that  a  portion  of  the  stomach — ^the  fimdic  end,  for 
ioBtance,  or  the  pyloric  end — might  be  cut  away  from  the  rest  of  the 
tspui  and  be  given  an 
artificial  opening  to  the 
ttterion  By  this  means 
tlie  secretion  of  an  isolated 
ftmdic  or  pyloric  sac  may 
be  obtained  and  examined 
•  to  its  quantity  and  prop- 
erties. The  method  was 
■ibaequently  improved  by 
ftwiow,  whose  important 

contributions  are  referred 

to  Wow.    Kg.  294  gives 

^  idea  of  the  operation  as 

•We  by  Pawlow  to  isolate 

^  fimdic  sac  with  its  blood 

^d   nerve    supply   unin- 

UlBd. 

The  normal  gastric  se- 
IMon  is  a  thin,  colorless 
^  neariy  colorless  liquid 
Uh  a  strong  acid  reaction  and  a  characteristic  odor.  Its  spe- 
fic  gravity  varies,  but  it  is  never  great,  the  average  being  about 
0Q2  to  1.003.  Upon  analysis  the  gastric  juice  is  found  to  contain 
line  protein,  some  mucin,  and  inorganic  salts,  but  the  essential 
itetituents  are  an  acid  (HCl)  and  two  or  possibly  three  enzymes, 
I|i8in,  rennin,  and  lipase.  Satisfactory  complete  analyses  of  the 
Iman  juice  have  not  been  reported,  most  of  the  recent  observers 
Kifining  their  attention  mainly  to  the  degree  of  acidity  and 
l^ive  power.  More  complete  data  are  published  for  the 
Qtetion  in  dogs.  According  to  Rosemann,*  the  secretion  in 
is  animal  has  a  specific  gravity  of  1002  to  1004  and  contains 
1277  per  cent,  of  dry  material,  of  which  0.1325  per  cent,  is  ash. 
♦  Rosemann,  "Archiv  f.  d.  ges.  Physiologie,"  118,  467,  1907. 


Fig.  294 — ^To  show  Pawlow's  operation  for 
'tnaldnjs  an  isolated  fundic  sac  from  the  stomach: 
V,  Cavity  of  the  stomach;  a,  the  fundio  sac.  shut  off 
from  the  stomach  and  opening  at  the  abdominal 
wall,  a,  a;  b  indicates  the  line  of  sutures. — (Paw- 
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Analysis  of  the  ash  shows  that  it  contains  24  per  cent,  of  pOk>^{ 
mum,  19  per  cent,  of  sodimn,  and  0J8  per  cent,  of  cAlcium,  Till 
HCl  amounts  to  0,55  fK»r  cent.  This  author  states  that  in  <« 
animal  during  a  secretion  his  ting  3  J  hours  about  5  gm.  of  \ 
were  given  ofif  in  the  secretion  in  the  form  of  chlorids.  an  amount 
about  equal  to  that  contained  in  the  entire  blood.  The 
portion  of  the  secretion,  in  addition  to  the  digestive 
consists  chiefly  of  protehi.  Gastric  juice  does  not  give  a  < 
upon  boiling,  but  the  digestive  enz>Tnes  are  thereby  de 
One  of  the  interesting  facts  about  this  sei'retion  is  the  way  in  wMA 
it  vsithstands  putrefaction.  It  may  be  kept  for  a  long  time  fof 
months  even,  witliout  becoming  putrid  and  with  very  little  c\mp. 
if  any»  in  its  digestive  action  or  in  its  total  acidity.  This  fact  slwfl 
that  the  juice  possesses  antiseptit;  properties,  and  it  is  usuativfUl^ 
posed  that  the  presence  of  the  free  acid  accounts  for  tim  qoftlity- 
The  Acid  of  Gastric  Juice, — ^The  nature  of  the  free  add  in  gaiti* 
juice  was  formerly  the  subject  of  liispute,  some  claiming  Unt  tk 
acidity  is  due  to  HCl,  since  this  acid  can  l^e  distilled  off  from  tfae| 
trie  juice,  others  contending  that  an  organic  acid,  lactic  sdii 
present  in  the  secretion.  All  recent  experiments  tend  to  prow  I 
the  acidity  is  due  to  Hd.  This  fact  was  first  demonstrated  i 
factorily  by  the  analyses  of  Schmidt,  who  showed  that  if ,  in  &  ( 
specimen  of  gastric  juice,  the  chlorids  were  all  precipitated  by  i 
nitrate  and  the  total  amount  of  chlorin  was  determined,  moit  i 
found  than  could  be  held  in  combination  by  the  bases  presefitini 
secretion.  E^itlently,  some  of  the  chlorin  must  have  been 
in  combination  with  hydrogen  as  hydrochloric  acid.  C6b 
e\'idence  of  one  kind  or  another  has  since  been  obtained.  Thus  it  I 
been  shown  that  a  numljcr  of  color  tests  for  free  mineral  acids  I 
with  the  gastric  juice:  methyl- violet  solutions  are  turned 
congo-red  solutions  and  test  paper  are  changed  from  red  td  I 
00  tropeolin  frcmi  a  yellowish  to  a  pink  red,  and  so  on,  A  munbff d 
additional  tests  of  the  same  general  character  will  be  found  descriW 
in  the  laljoratorv'  handbooks.*  It  must  be  added,  howewr,  ^ 
lactic  acid  undoubtedly  occurs,  or  may  occur,  in  the  stomach  doriH 
digestion.  Its  presence  is  usually  explained  as  being  due  to  thefi^ 
mentation  of  the  carbohydrates,  and  it  is  therefore  more  coortafl^ 
present  in  the  stomachs  of  the  herbivora.  The  amount  of  '^ 
hydmchloric  acid  varies  according  to  the  duration  of  digcsUDi* 
that  Is,  the  secretion  tkies  not  possess  its  full  acidity  in  the  begms^j 
owing  to  the  fact  (Heidenhain)  that  in  the  first  periods  of  < 
while  the  secretion  is  still  scanty  in  amount,  a  portion  of  iti  I 
is  neutralized  by  the  swallowed  saliva,  the  alkaline  mucus,  i 
alkaline  secretion  of  the  pyloric  end  of  the  stomach.  It  b  | 
that  the  juice  as  secreteil  has  a  more  or  less  constant  additrj 
*  Simoii^  "A  ManuaJ  of  Clinical  Diagnoedg/' 
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bar  it  is  poured  out  in  the  stomach  this  acidity  is  not  only  dimin- 
led  by  the  neutralizing  action  of  any  alkalies  that  may  be  present, 
it,  what  is  far  more  important,  the  free  acid  may  be  combined 
th  the  protein  of  the  food.  If  the  stomach  contents  of  an  animal 
ion  meat  be  examined  from  time  to  time,  it  may  not  be  possible 
prove  the  existence  of  free  HCl  for  an  hour  or  more  after  the 
goBtion  has  been  going  on,  owing  to  the  fact  that  it  has  com- 
bed with  the  protein  material.  In  speaking  of  the  acidity  of 
b  stomach  contents,  therefore,  it  is  necessary  to  distinguish 
tweai  the  combined  acid  and  the  free  acid,  the  two  together 
istituting  the  total  acidity.  The  acidity  of  the  human  gastric 
ee  is  usually  estimated  at  0.3  per  cent.,  but  during  digestion- 
may  reach  (Homborg)  0.4  to  0.5  per  cent.,  and  these  figures 
aress  probably  its  strength  as  secreted.  The  acidity  of  the 
^s  gastric  juice,  according  to  Pawlow,  lies  between  0.46  and 
6  per  cent. 

Ilie  Origin  of  the  HCl. — The  gastric  juice  is  the  only  secretion 
bhe  body  that  contains  a  free  acid.  The  fact  that  the  acid  is  a 
leral  acid  and  is  present  in  considerable  strength  makes  the  cir- 
QBtance  more  remarkable.  Attempts  have  been  made  to  ascer- 
1  the  histological  elements  concerned  in  its  secretion  and  the 
nie  of  the  chemical  reaction  or  reactions  by  which  it  is  produced. 
kh  regard  to  the  first  point,  it  is  generally  believed  that  the 
ietal  cells  of  the  gastric  tubules  constitute  the  acidnsecreting 
B.  This  behef  is  founded  upon  the  general  fact  that  in  the 
kms  in  which  these  cells  are  chiefly  present — ^that  is,  the  middle 
km  <rf  the  stomach — the  secretion  is  distinctly  acid,  and  where 
Y  are  absent  or  scanty  in  number  the  secretion  is  alkaline  or  less 
L  In  the  pyloric  region,  for  instance,  these  cells  are  lacking 
irely  and  the  secretion  is  alkaline.  Moreover  microchemical 
Btions  seem  to  show  clearly  that  the  parietal  cells  are  particu- 
j  rich  in  chlorids,  and  this  fact  serves  to  connect  them  with 
INKxluction  of  the  acid.  It  seems  perfectly  evident  that  the 
1  must  be  formed  in  the  long  run  from  the  chlorids  of  the 
9(L  The  chief  chlorid  is  NaCl,  and  by  some  means  this  com- 
tnd  is  broken  up;  the  chlorin  is  combined  with  hydrogen,  and 
2ien  secreted  upon  the  free  surface  of  the  stomach  as  HCl. 
npport  of  this  general  statement  it  has  been  shown  that  if  the 
vids  in  the  blood  are  reduced  by  removing  them  from  the  food 
a  sufficient  time  the  secretion  of  gastric  juice  no  longer  contains 
L  On  the  other  hand,  addition  of  NaBr  or  KI  to  the  food  may 
le  the  formation  of  some  HBr  and  HI,  together  with  HCl  in 
gastric  juice.  Maly  has  suggested  that  acid  phosphates  may 
noduced  in  the  first  instance,  and  then  by  reacting  with  the 
um  chlorid  may  give  hydrochloric  acid,  according  to  the  formula, 
IJPO4  +  NaCl  =  NajHPO^  +  HCl.     Other  theories  have  been 
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proposed,  but,  as  a  matter  of  faet,  no  explanation  of  the 
of  this  reaction  m  satisfactory.     Many  obser\^ers  have  a1 
by  microeheniical  methods  to  determine  the  exact  points  i 
gastric  glands  at  whieb  the  acid  is  formed.     Most  of  these  &1 
have  given  results  which  have  been  thffieult  to  interpret. 
and  Bensley^*  by  making  use  of  dyes  (cyanimin  and  neui 
which  gpve  different,  colors  in  neutral,  alkaline,  and  add 
state  that  the  free  arid  is  found  only  on  the  internal  surface 
stomach  or  in  the  net^k  of  the  glands.    The  parietjil  cells 
exhibit  an  alkaline  reaction.    These  observers  advance,  tl 
the  probable  hj'pothesis  that  the  parietal  cells  secrete  a 
of  an  organic  base,  and  this  com]x>und  in  some  way  yiel 
hydrochloric  acid  only  after  it  reaches  the  mouth  of  the 
While  the  ultimate  source  of  the  chlorin  of  the  hydrochlonc 
is  to  be  found  in  the  neutral  chlorids  of  the  blood  (NaCI), « 
as  yet  unkno%vn  intermediate  compounds  are  formed  withii 
parietal  cells  from  which  the  acid  is  e\^entually  produced. 

The  Secretory  Nerves  of  the  Gastric  Glands.— Althou^  si 
facts  indicated  to  the  older  observers  that  the  secretion  of  fl 
juice  is  under  the  control  of  ner\^e  fibers,  we  owe  tlie  actual  d 
mental  demonstration  of  this  fact  to  Pawlow.f    He  demonal 
tiiat  the  secretion  is  under  the  control  of  the  nervous  8>'stem  an 
the  secretory'  fibers  are  contained  in  the  vagus.     Direct  stiiml 
of  the  peripheral  end  of  the  cut  vagus  causes  a  secretion  of  ( 
juice  after  a  long  latent  period  of  several  minutes.     This  long  b 
may  be  due  possibly  to  the  presence  in  the  vagus  of  inhi 
fibers  to  the  gland,  which,  being  stimulated  simultaneously  wil 
secretory^  fibers,  delay  the  action  of  the  latter.     Ver>'  striking 
of  the  general  fact  that  the  secretion  is  due  to  the  action  of  ^ 
fibers  is  furnished  by  such  experiments  as  these:  Pawlow  divkH 
esophagus  in  the  neck  and  brought  the  two  ends  to  the  akin  Mi 
make  separate  fistulous  openings  to  the  exterior.     Under  thai 
ditions,  when  the  animal  ate  and  swallowed  food  it  waa  disch 
to  the  exterior  instead  of  entering  the  stomach.     The  aiiinia 
had  the  enjoyment  of  eating  without  actually  filling  the  sUM 
Eating  in  this  style  forms  what  the  author  called  a  ficti 
or  sham   meal   (xSchcinfuiterung) .     It  was  found  tliat  ft  d 
an  abundant  How  of  gastric  juice  as  long  as  the  va^  ar»  W 
but  has  no  effect  on  the  secretion  when  these  nerves  tn 
Evidently,  theref<Tre,  the  sensations  of  taste,  odor,  etc  dff*^ 
during  tlie  mastication  and  swall<>wing  of  food,  set  up 
a  stimulation  of  secretory  fibers  in  the  vagus,     Pai 
nates  a  secretion  produced  in  this  way  as  a  psychical 

•  Harvev  and  Bemlev,  'Tiiologim!  Bulletin/'  23»  225,  1912. 
t  See  Pawlow,  'The  Work  of  the  Digestive  Glanda/'  tranabtfilfc 
son,  1902. 
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-a  term  which  implies  that  the  reflex  must  be  attended  by 
ODScious  sensations.  In  favorable  cases  the  fictitious  feeding  has 
leeQ  continued  for  five  or  six  hours  and  a  laige  amoimt  of  gastrie 
mce  (700  c.c.)  has  been  collected  from  a  fistula,  although  no  food 
letoally  entered  the  stomach.  It  is  important  to  note,  also,  that  a 
syehical  secretion,  once  started,  may  continue  for  a  long  time  after 
ihe  stimulus  (the  eating)  has  ceased.  Experiments  have  been  made 
ipon  human  beings  imder  similar  conditions.  Thus,  Homborg* 
^rts  the  case  of  a  boy  with  a  stricture  of  the  esophagus  and  a 
krtula  in  the  stomach.  Food  when  chewed  and  swallowed  did  not 
wch  the  stomach,  but  was  r^uigitated;  it  caused,  nevertheless, 
in  active  psychical  secretion  in  the  empty  stomach. 

Hormal  Mechanism  of  the  Secretion  of  the  Gastric  Juice.— 
[>oiing  a  meal  the  gastric  juice  is  secreted,  imder  normal  conditions, 
IB  long  as  the  food  remains  in  the  stomach.  The  modem  explana- 
&>ii  of  the  origin,  maintenance,  andiregulation  of  this  flow  of  secre- 
ion  is  due  chiefly  to  Pawlow.  Contrary  io  a  former  general  belief, 
le  showed  that  mechanical  stimulation  of  the  gastric  mucous  mem- 
)rane  has  no  effect  on  the  secretion  of  the  tubules.  This  factor  may 
herefore  be  eliminated.  In  an  ordinary  meal  the  secretion  first 
itarted  is  due  to  the  sensations  of  eating — that  is,  it  is  a  psychical 
eeietion.  The  afferent  stimuli  originate  in  the  mouth  and  nostrils; 
he  efferent  path,  the  secretory  fibers,  is  through  the  vagus  nerve. 
Oiis  reflex  insures  the  beginning  at  least  of  gastric  digestion,  but  its 
fiect  is  supplemented  by  a  further  action  arising  in  the  stomach 
toelf.  It  seems  that  some  foods  contain  substances  designated  as 
•ecretogogues,  that  are  able  to  cause  a  secretion  of  gastric  juice 
•tei  taken  into  the  stomach.  In  other  foods  these  ready-formed 
•Bcretogogues  are  lacking.  Thus,  meat  extracts,  meat  juices, 
•oups,  etc.,  are  particularly  effective  in  this  respect;  milk  and  water 
»U8e  less  secretion.  Certain  common  articles  of  food,  such  as 
wead  and  white  of  eggs,  have  no  effect  of  this  kind  at  all.  If 
"toxluced  into  the  stomach  of  a  dog  through  a  fistula  so  as  not  to 
*0U8e  a  psychical  secretion, — for  instance,  while  the  dog's  attention 
8  diverted  or  while  he  is  sleeping, — they  cause  no  flow  of  gastric 
^ce  and  are  not  digested.  If  such  articles  of  food  are  eaten, 
^ever,  they  cause  a  psychical  secretion,  and  when  this  has  acted 
^Pon  the  foods  some  products  of  their  digestion  in  turn  become 
*Pable  of  arousing  a  further  flow  of  gastric  juice.  The  steps  in 
^  mechanism  of  secretion  are,  therefore,  thi*ee:  (1)  The  psychical 
^retion;  (2)  the  secretion  from  secretogogues  contained  in  the 
^d;  (3)  the  secretion  from  secretogogues  contained  in  the  prod- 
^  of  digestion.  The  manner  in  which  the  secretogogues  act 
^ot  be  stated  positively.     Since  the  gastric  glands  possess 

•Homborg,  "Skandinavisches  Archiv  f.  Physiologic,"  15,  209,  1904;  see 
*o  Bickel,  ''Verhandl.  Kongr.  f.  innere  Medizin,"  23,  491. 
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^H          secretory  nerve  fibers  the  first  explanation  to  suggest  lUdf »     1 
^M          that  the  secretogogues  by  acting  on  seiisor>^  fibeiB  in  the  gw^nc  ■ 
^^^H     mucous  membrane  reflexly  stimulate  the  secretory  fibers.    Th»  ■ 
^^^P     explanation,  however,  i.s  rendered  untenable  by  the  fact  that  tbs  ■ 
^          effect  of  these  substances  is  obtained  after  complete  severMia     " 
^H           of  the  ner\^ous  connections  of  the  stomach.     If,  therefore,  thi 
^m           so-called  chemical  secretion  is  produced  by  a  nervous  reflex,  ibe 
^m           nerve  centers  concerned  must  lie  in  the  stomach  itself,  the  rtfifx 
^K           must  take  place  through  the  intrinsic  ganglion  cells.    Anoilief 
^B           more  proijable  explanation  has  been  offered.     Edkins*  hasshuvn 
^H           that  decoctions  of  the  pyloric  raucous  membrane,  made  by  boiling 
^H                                                                                     in    water    acid  or 

■                 I'^l 

'S.t         1 

when    injected  inV) 

^o3        BOO 

0.0.    100  gmA.  £00  gmfl. 

the    blood   cau«  i     , 
marked  secretion  of     . 
gastric  juice.  Tboe 

l¥ 

1      : 

0.578 
0.528 
0.480 
0.432 
0.384 
0.336 
0.288 
0.240 
0.102 
0.144 
0.008 
0.048 
0 

n 

^ 

substances  when  ift- 
jected  alone  into  tte 
blood  cause  no  «Jfk 
effect,    and    dec0^ 
tions  of  the  roucom 
membrane    of   tbi 
fundi c    end  of  lh« 
stomach    arc  ^m^ 
out    action   on  tb 
gastric     secretiott. 
This     author   sup^ 
gests,  therefore,  that  J 
the    aecretogoiooil 
whether    prefQa|ifl 
in  the  food  or  f(«i^H 
during  digestion,  tfS  S 
upon  the  pyloric  mu-  ^ 
cous  membranr  tf^    1 
form  a  %\v               1 

=  ^ 

^^b^^ 

«  ,s 

s^ 

18        ^^ 

' 

,1       1 

18       .      i 

t 

■1      t 

14            I- 

"1 

~^ 

1 

"^     1 

10       1- 

10        -J 

T 

_L 

t 

\ 

6        Z 

\ 

^ 

4    r 

\  1 

, 

V  ■"  =  ™  t* 

^■^ 

> 

"v 

2        P  .^P 

^             i' 

S 

i'^ 

-^ 
f 

^™ 

31 

0        "^  = 

1                                    H^urs. 

-*-....     fJt 

i*a67Sfroirh 

1 

1 

ity  of  secretion 

which  he  •!                1 
aa  gastrin  or  ^iww    1 

1 

*                             Fiit,  2$>5.--Dia«r«in  ahow  ing  the  variaticm  in  quantit? 

the  vajiatioM  in  »eidity  and  m  tii««tive  power,— (Af to 
K/itffine.} 

trie  glands   and  stimulates  them  to  set 

therefore,  not  a  usual  nervous  reflex,  b 

8ti  mil  hit  ion  of  one  organ  by  chemical  proc 

•  Edkins,  "JournaJ  of  Physiolog>%"  19( 

;     afcrrftn.andthiiiiub-  J 
J     stance  after  ^"^^  ■ 
tion  into  the  Mood  fl 
is  carried  to  the  p^  V 
?  ret  ion.    The  cffed  K    1 
ut  an  instance  of  ikt    1 
ucts  formed  in  anotbif*  J 
)6,  xxxiv.,  p,  133.              fl 

DIGESTION   AND   ABSORPTION    IN   THE   STOBfACH.  763 

iarling*  has  emphasized  the  fact  that  this  mode  of  control  is 
equently  employed  in  the  body,  as  will  be  described  in  the 
Uowing  pages  in  connection  with  the  pancreatic  secretion  and 
e  mtemal  secretions.  He  proposes  to  designate  such  sub- 
ances  by  the  general  term  of  hormones  (from  dp/iaw,  arouse 
excite).  Leaving  aside  for  the  moment  the  way  in  which 
6  secretogogues  excite  the  secretion  it  is  important  to  empha- 
te  the  fact  that  in  the  normal  secretion  of  gastric  juice,  that 
to  say,  in  the  secretion  which  takes  place  during  an  ordinary 
eal,  we  must  distinguish  between  a  nervous  secretion  due  to 
e  action  of  the  secretory  fibers  in  the  vagus,  and  a  chemical 
yetum  due  to  the  chemical  stimulation  of  the  secretogogues 
of  the  hormones  produced  by  them. 

The  researches  of  Pawlow  and  his  co-workers  seem  also  to  in- 
cate  that  the  quantity  and  properties  of  the  secretion  vary  with 
e  character  of  the  food.  The  quantity  of  the  secretion  varies, 
)o,  other  conditions  being  the  same,  with  the  amount  of  food  to 
!  digested.  The  apparatus  is  adjusted  in  this  respect  to  work 
OQomically.  Different  kinds  of  food  produce  secretions  var3ring 
>t  only  as  regards  quantity  but  also  in  their  acidity  and  diges- 
^e  action.  The  secretion  produced  by  bread,  though  less  in 
intity  than  that  caused  by  meat,  possesses  a  greater  digestive 
tioiL  On  a  given  diet  the  secretion  assumes  certain  characteris- 
Syand  Pawlow  is  convinced  that  further  work  will  disclose  the  fact 
4  the  secretion  of  the  stomach  is  not  caused  normally  by  general 
ndi  all  affecting  it  alike,  but  by  specific  stimuli  contained  in  the 
id  or  produced  during  digestion,  whose  action  is  of  such  a  kind 
to  arouse  leflexly  the  secretion  best  adapted  to  the  food  ingested. 
One  of  the  curves,  showing  the  effect  of  a  mixed  diet  (milk,  600 
!.;  meat,  100  gms.;  bread,  100  gms.)  upon  the  gastric  secretion, 
detennined  by  Pawlow's  method,  is  reproduced  in  Fig.  296.  It  will 
noticed  that  the  secretion  began  shortly  after  the  ingestion  of  the 
A  (seven  minutes),  and  increased  rapidly  to  a  maximum  that  was 
«hed  in  two  hours.  After  the  second  hour  the  flow  decreased 
idly  and  neariy  uniformly  to  about  the  tenth  hour.  The  acidity 
e  slightly  between  the  first  and  second  hours,  and  then  fell  gradu- 
f.  The  digestive  power  showed  an  increase  between  the  second 
1  third  hours. 

lattire  and  Properties  of  Pepsin. — Pepsin  is  a  typical  proteo- 
ie  enzyme  that  exhibits  the  striking  peculiarity  of  acting  only  in 
d  media;  hence  peptic  digestion  in  the  stomach  is  the  result  of 
!  combined  action  of  pepsin  and  hydrochloric  acid.  Pepsin  is 
uenced  in  its  action  by  temperature,  as  is  the  case  with  the  other 
ymes;  low  temperatures  retard,  and  may  even  suspend  its 
ivity,  while  high  temperatures  increase  it.  The  optimum  tem- 
*  Starling,  "Recent  Advancc?8  in  the  Physiology  of  Digestion,"  1906. 
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perature  is  stated  to  be  from  37*  to  40*  C,  while  expomire  I 
time  to  80 '^  C.  results,  when  the  pepsin  is  in  a  moist  conditio 
total  destruction  of  the  enz^nme.  Pepsin  may  be  extracted  I 
gastric  mucous  membrane  by  a  variety  of  methods  and  in  " 
degrees  of  purity  and  strength.  The  cormnercial  prepan 
pepsin  consist  usually  of  some  form  of  extract  of  the  gastrif 
membrane  to  which  starch  or  sugar  of  milk  has  been  added. 
toiy^  preparations  are  made  conveniently  by  mincing  th 
the  mucous  membmne  and  then  extracting  for  a  long  tl 
glycerin.  Glycerin  extracts,  if  not  too  mnch  diluted 
hlood,  keep  for  an  indefinite  time.  Purer  prejmratiori 
have  been  made  by  what  is  know^n  as  "  Briicke*s  methr 
the  mucous  membrane  is  minced  and  is  then  self-digest^ 
per  cent,  solution  of  phosphoric  acid.  The  phosphoric  ad 
cipitated  by  the  addition  of  lime-water,  and  the  pe|>dn  i 
down  in  the  flocculent  precipitate.  This  preci pit-ate,  afl 
washed,  is  carried  into  solution  by  dilute  hydrochloric  aci 
solution  of  cholesterin  in  alcohol  and  ether  is  added.  The  cl; 
is  precipitat-ed,  and,  as  lief  ore,  carries  do^n  ^ith  it  the  pepei 
precipitate  is  collected,  carefully  washed,  and  then  treated  re 
with  ether,  which  dissolves  and  removes  the  cholesterin,  lei 
[lepsin  in  aqueous  solution.  This  method  is  interesting 
because  it  gi^'es  a  pure  form  of  pepsin,  but  also  in  that  il  il 
one  of  the  properties  of  enzymes^ — namely » the  readiness  vj 
they  are  adsorbed  by  precipitates  occurring  in  their  bM 

In  spite  of  much  work,  the  chemical  nature  of  pepsin  9 
mined,     Pekelharing*  lias  prepared  pepsin  from  gastric 
dialysis,  the  substance  precipitating  as  the  acid  is  dial] 
The  precipitate  may  be  purified  by  repeated  resolution 
followed  by  dialysis.     As  prepared  by  this  method 
substance  of  a  protein  nature  which  contains  sulphij 
some  chlorin,  but  no  phosphorus.     It  does  not  beloE 
to  the  group  of  nucleoproteins.     Other  authors,  on  the" 
assert  that  active  preparations  of  pejisin  may  be  obtain* 
give  no  protein  reactions,  although  they  contain  nitrogei 

Pepsin  is  supposed  to  be  formed  in  the  central  cells  of  tb 
tubules,  but  as  in  other  cases  it  is  present  in  the  cells  as  ai 
or  propepsin,  which  is  not  changed  to  the  active  pepsin  til 
secretion.  The  propepsin  may  be  extracted  readily  from  1 
membrane,  and,  since  it  is  known  that  the  zymogen 
quickly  to  active  pepsin  by  the  action  of  acids,  it  is  evii 
the  normal  gastric  juice  the  existence*  of  the  hydr 
Insures  that  all  of  the  pepsin  shall  1>e  present  in  acti\^  foiS 
has  been  much  discussion  as  to  the  nature  of  the 
pyloric  glands.  Heidenhain  isolated  this  portion  of  the  i 
*  Pekelharing,  '*Zeit8chrift  f,  physioL  Cbemie,"  35,  8, 
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fleeted  its  secretion.  He  found  that  it  was  alkaline  and  contained 
jpdn.  Later  observers,  however,  still  continue  to  doubt  the  secre- 
on  of  a  true  pepsin  in  this  portion  of  the  stomach.  Glaessner^ 
atee  that  propepsin  can  not  be  obtained  from  extracts  of  the  pyloric 
ands,  and  that  the  proteolytic  enzyme  that  can  be  shown  in  this 
mion  of  the  stomach  by  self^ligestion  in  acid  or  alkaline  media  is 
t  a  true  gastric  pepsin.  The  possibility  that  a  special  secretin 
MMrmone)  is  formed  in  the  pyloric  mucous  membrane  has  been 
rferred  to  above  (p.  755).     From  the  description  of  the  events 

I  the  stomach  (p.  708)  it  would  seem  that  the  food  material  which 
churned  and  stirred  by  the  contractions  of  the  pyloric  musculature 
M  abeady  been  charged  with  pepsin  and  hydrochloric  acid  by  the 
ands  of  the  middle  and  fundic  regions  before  reaching  the 
itrum  pylori. 

Artificial  Gastric  Juice. — In  studying  peptic  digestion  it  is  not 
ioessary  for  all  purposes  to  establish  a  gastric  fistula.  The  active 
jents  of  the  normal  juice  are  pepsin  and  an  acid  of  a  proper  strength ; 
id,  as  the  pepsin  can  be  extracted  and  preserved  in  various  ways 
wi  the  hydrochloric  acid  can  easily  be  made  of  the  proper  strength, 
» artificial  juice  can  be  obtained  at  any  time  and  may  be  used  in 
ace  of  the  normal  secretion  for  many  purposes.  In  laboratory  ex- 
sriments  it  is  customary  to  employ  a  glycerin  or  commercial  prep- 
titioQ  of  the  gastric  mucous  membrane,  and  to  add  a  small  portion 
this  preparation  to  a  large  bulk  of  0.2  per  cent,  hydrochloric  acid. 
^  artificial  juice  thus  made,  when  kept  at  a  temperature  of  from 
'**  to  40°  C,  will  digest  proteins  rapidly  if  the  preparation  of  pepsin 
a  good  one.  While  the  strength  of  the  acid  employed  is  generally 
Mn  0.2  to  0.3  per  cent.,  digestion  will  take  place  in  solutions  of 
eater  or  less  acidity.    Too  great  or  too  small  an  acidity,  however, 

II  retard  the  process;  that  is,  there  is  for  the  action  of  the  pepsin 
optimum  acidity  which  lies  somewhere  between  0.2  and  0.5 

r  cent.  Other  acids  may  be  used  in  place  of  the  hydrochloric 
id— for  example,  nitric,' phosphoric,  or  lactic — but  they  are  not 
effective,  and  the  optimum  concentration  is  different  for  each;  for 
wphoric  acid  it  is  given  as  2  per  cent. 

The  Pepsin-hydrochloric  Digestion  of  Proteins. — It  has 
ig  been  known  that  solid  proteins,  when  exposed  to  the  action  of  a 
•mal  or  an  artificial  gastric  juice,  swell  up  and  eventually  pass  into 
tition.  The  soluble  protein  thus  formed  was  known  not  to  be 
gulated  by  heat  and  was  remarkable  also  for  being  more  diffusible 
n  other  forms  of  soluble  proteins.  This  end-product  of  digestion 
I  formerlv  conceived  as  a  soluble  protein  with  properties  fitting 
or  rapid  absorption,  and  the  name  of  peptone  was  given  to  it.  It 
I  quickly  found,  however,  that  the  process  is  complicated — that  in 
conversion  to  so-called  "peptone"  the  protein  under  digestion 
*  Glaessner,  "Beitrage  zur  chem.  Physiol,  u.  Pathol.,"  1,  24,  1901. 


766 


PHYSIOLOGY   OF   DIGG8TION   AND    SECRBTION. 


i 


^1 


passes  through  a  number  of  intermediate  stages.    The  ini 

products  were  partially  isolated  and  were  given  specific  i 

as  acid-dibumin,  parapepione,  and  propet^ne.     The  present  c 

tion  of  the  process  we  owe  chiefly  to  Kiihne.     This  author  b 

that  the  protein  passes  through  three  general  stagies  before  w 

the  final  condition  of  peptone.    This  view  is  indicated  briefly 

following  schema : 

Native    protein- 
Acid  albymin  (syntonin). 
Primary  proteoses  (protalbiimoeee). 
Secondary  proteoses  (deulero-albumo 
Peptone, 

The  first  step  is  the  conversion  of  the  protein  to  an  add  a] 
This  change  may  be  considered  as  being  chiefly  an  effect  of ' 
drochloric  acid,  although  in  some  way  the  combined  action 
pepsin-hydrochloric  acid  compound  is  more  effective  than  a  s 
of  the  acid  alune  of  tlie  same  strength.  Like  the  acid  al 
(metaproteins)  in  general  (see  Appendix),  the  syntonin  fe 
precipitated  on  neutralization.  In  the  beginning  of  peptii 
tion,  therefore^  if  the  solution  is  neutralized  with  dilute 
an  abundant  precipitate  of  syntonin  occurs.  Later  on 
digestion,  neutralization  gives  no  such  effect — the  s] 
has  all  passed  to  a  further  stage  of  digestion.  Under 
fluencc  of  the  pepsin  the  syntonin  undergoes  hydroU^si 
the  production  of  a  number  of  bodies  which,  as  a  groi 
designated  as  primary  proteoses  or  protalbumoses.*  Al 
several  members  of  this  group  have  been  isolated  iukI 
separate  names^  so  much  doubt  prevails  as  to  the  ebemical  i 
uality  of  these  substances  that  it  is  best  perhaps  to  rcgaid  tb 
group  of  comjxiunds  which  under  the  contimieti  influenoe 
pepsin  imdeiigo  still  further  hydrolysis  with  the  formatioii  oi 
darj'  proteoses  or  deutero-albiunoses.  As  compared  with  the  | 
proteoses,  the  secondary  ones  are  distinguished  by  a  greati 
biUty ;  they  require  a  stronger  saturation  with  neutral  salta  toj 
tate  them,  (See  Appendix.)  The  secondary  proteoses  undei 
further  hydrolysis,  with  the  production  of  peptone,  or  peri 
would  be  better  to  say  peptones.  The  peptones  show  still 
solubility,  and,  in  fact,  peptone,  in  Kiihne's  sensei  is  that  con 
or  group  of  compountls  formed  in  peptic  digestion  which,  wh 
shomng  protein  reactions  (biuret  reaction)|  is  not  coaguls 
heat  nor  precipitated  when  its  solutions  are  eompleteiy  sai 
with  ammonium  sulphate.  According  to  the  schema  and  d 
tion  given  al>ove,  the  several  stages  in  peptic  digestion  aw 

♦  The  prmiuct©  intermediate  between  the  original  pityleia  and  U 
tone  are  desfribe<i  in  K^^neral  as  albumoMts  or  as  proteoseB,  ooconfitf 
takes  the  t^mi  protein  or  albumin  as  the  ^neric  name  for  the  arf^ 
atance.  The  term  pniteiii  is  generally  used  in  English:  liencej  ihiisll 
ate  products  are  more  appropriately  designated  m  prateoses. 
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iented  as  following  in  sequence.  It  should  be  stated,  however, 
(hat  many  authors  consider  that  even  in  the  beginning  of  the 
digestion  the  protein  molecule  may  be  split  into  several  complexes, 
and  that  some  of  the  end-products  may  be  formed  very  early  in 
the  action.  All  that  we  can  state  very  positively  is  that  the  protein 
mdecules  undergo  a  series  of  hydrolytic  cleavages,  the  end-result 
of  which  is  that  in  place  of  the  originally  very  large  molecule  with 
a  weight  of  5000  to  7000  there  is  obtained  a  number  of  much  smaller 
and  much  more  soluble  molecules  whose  molecular  weights  are 
perhaps  only  250  to  400  or  less. 

It  was  formerly  believed  that  pepsin  was  not  able  to  split  the  complex 
W|o4ciD  molecule  into  compounds  of  a  simpler  structure  than  the  peptone. 
But  a  number  of  recent  authors  have  stated  that  if  time  enough  b  given 
tte  bieddng  up  of  the  protein  molecule  may  be  as  complete  as  after  the  action 
cf  tiTpsin,  or  after  hydroljrsis  by  acids  (see  Proteins  in  appendix).  That 
{■.along  with  the  peptone  or  in  place  of  it  are  foimd  certain  simpler  bodies 
wkieh  no  longer  give  the  biuret  reaction,  but  are  precipitable  by  phospho- 
tattitic  add  and  for  which  Hof meister  proposes  the  general  name  of  pep- 
tra.  They  would  correspond,  also,  apparently,  to  the  group  of  compounds 
Mgaated  by  Fischer  as  peptids  or  polypeptids.  In  addition,  many  of  the 
•BUio-acids  and  nitrogenous  bases  which  constitute  the  final  end-products 
of  the  breaking  up  of  the  protein  molecule  may  be  found.* 

In  judging  the  digestive  action  of  any  given  specimen  of  natural 
or  artificial  gastric  juice  it  is  customary  to  measure  the  rapidity 
^wih  which  an  insoluble  protein  is  converted  into  a  soluble  form. 
The  method  most  commonly  employed  is  that  devised  in  Pawlow's 
Wwmtory  by  Mett.  The  Mett  test  is  made  by  sucking  white  of  egg 
into  a  thin-walled  glass  tube  having  an  internal  diameter  of  1  to  2 
DOns.  The  egg-albmnin  is  coagulated  in  the  tube  by  immersing  it  for 
fi^  minutes  in  water  at  95®  C.  After  some  time  the  tube  is  cut  into 
Itt^gths  of  10  to  15  mxns.  and  these  are  used  to  test  the  digestive  action 
or  amount  of  pepsin.  One  or  more  of  the  tubes  are  placed  in  the 
■ohition  to  be  measured  and  kept  for  ten  hours  at  body  temperature. 
The  digestive  power  is  measured  in  terms  of  the  length  in  millimeters 
of  the  colunm  of  egg-albimiin  that  is  dissolved.  The  relative  amoimts 
of  pepsin  in  solutions  compared  in  this  way  are  determined  by  the 
Jw^of  Schiitz,  according  to  which  the  digestive  power  is  proportional 
^  the  square  root  of  the  amoimt  of  pepsin.  If  in  two  specimens  of 
Wtric  juice  the  number  of  millimeters  of  egg  albumin  digested 
^as  in  one  case  two  and  in  the  other  three,  the  pepsin  in  the  two 
•rfutions  would  be  as  the  squares  of  the  numbers,  as  4  to  9. 

The  Rennin  Enzyme  (Rennet,  Chymosin).— The  property 
Poasessed  by  the  mucous  membrane  of  the  catf 's  stomach  of  curdUng 
''Ulk  has  been  known  from  remote  times,  and  has  been  utilized  in  the 
'^toufacture  of  cheese  and  curds.  This  action  takes  place  with 
•*Hiarkable  rapidity  under  favorable  conditions,  a  large  mass  of  milk 
♦  See  Hof  meister.  "  Ergebnisse  der  Physiologie,"  vol.  i.,  part  i.,  796,  1902. 
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setting  to  a  firm  coagulom  within  a  very  brief  time.  It  has  W«1 
shown  that  this  elTect  is  due  to  an  enzyme — rennin  or  Fenoet.  TW 
rennin.  hke  the  pepsin,  is  supposed  to  be  formed  in  the  chief  ccILmiJ 
the  gastric  tubules  and  to  be  pi'esent  in  the  glands  in  a  rynu^gen 
form,  the  prorennin  or  prochymosin,  which  after  secretion  is  am* 
verted  to  the  active  enzyme.  This  conversion  takes  place  wy 
readily  imder  the  influence  of  acid,  Rennin  (or  it^  zymogen''  miy  be 
obtained  easily  from  the  mucous  membrane  of  the  st^omach  (witi 
the  exception  of  the  pyloric  end)  by  extracting  wdth  glycerin  or  witer 
or  by  digesting  with  dilute  acid.  Good  extracts  of  rennin  cau^ 
the  milk  to  clot  with  great  rapidity  at  a  temperature  of  40''  C  ,  th 
milk  (cows'  milk),  if  undisturbed,  sets  at  first  into  a  solid  clot,  wliid 
afterward  shrinks  and  presses  out  a  clear,  yellowish  liquid-^i 
whey.  With  hmnan  milk  the  curd  is  much  less  firm,  and  takes  i 
form  of  loose  flocculi.  The  whole  process  resembles  much  the  clotl 
of  blood.  The  rapidity  of  clotting  is  said  to  vtLvy  inversely  bb  1 
amount  of  rennin,  or.  in  other  words,  the  product  of  the  amouBtl 
rennin  and  the  time  neces8ar>^  for  clotting  is  a  constant.  Tte 
curdling  of  the  milk  involves  two  apparently  independent  pfW* 
esses:  First,  the  rennin  acts  upon  the  casein  of  the  milk  and  comTfts 
it  into  a  substance  known  as  paracasein.  The  paracasein  ttao 
reacts  with  the  calcium  phosphate  of  the  milk^  forming  an  iosotofak 
calcium  salt,  w^hich  constitutes  the  curd  or  coagulum.  Accordisf 
to  this  view,  the  enzyme  does  not  cause  clotting  directly.*  Whi» 
takes  place  when  the  casein  is  changed  to  paracasein  is  not  ulwb^ 
stood,  Hamniarsten  originally  regariled  the  change  as  a  cli^ngt 
process,  but  this  view  has  not  been  supported.  Others  havewp* 
posed  that  a  transformation  or  rearrangement  of  molecular  st^)^ 
ture  occurs.  Indeed,  the  differences  in  properties  between  Ci« 
and  paracasein  are  not  great,  the  most  marked  difference  beiii|(tiklt 
the  calcium  salts  of  the  latter  are  insoluble.  If  soluble  calcium  sil<* 
are  removed  from  milk  by  the  addition  of  oxalate  solutions,  it  ( 
not  curdle  upon  the  addition  of  rennin.  Addition  of  lime  salts  i 
stores  this  property.  It  should  be  added  that  casein  is  also  | 
cipitated  from  milk  by  the  adLlition  of  an  excels  of  acid. 
curdling  of  sour  milk  in  the  formation  of  Ijonnyclabber  ia  a  ^ 
known  illustration  of  this  fact.  When  milk  stands  for  9cme  1 
the  action  of  bacteria  upon  the  milk-sugar  leads  to  the  forroati* 
of  lactic  acid,  and  when  this  acid  reaches  a  certain  conceDtratioiitH 
causes  the  precipitation  of  the  casein. 

So  far  as  our  positive  knowdedge  goes,  the  action  of  rennSBJ 
confined  to  milk.     Casein  is  the  chief  protein  constituent  of  i 
and  haSj  therefore,  an  important  nutritive  value.     It  is  intr 
to  find  that  before  its  peptic  digestion  begins  the  casein  ia  i 
upon  by  an  altogether  different  enz}Tiie.     The  value  of  the  i 

*  See  Bang,  '*  Skandinavischea  Archiv.  f.  Physiologie,"  25,  105, 191 1 
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ctioxi  is  not  at  once  apparent,  but  we  may  suppose  that  casein  is 
unre  easily  digested  under  the  conditions  that  exist  in  the  body 
ftor  it  has  been  brought  into  a  solid  form,  or,  perhaps,  the  coagu- 
KtMn  of  the  casein  ensures  that  it  wiU  be  retained  in  the  stomach 
lod  be  submitted  to  gastric  digestion,  instead  of  being  ejected 
iromptly  into  the  duodenum,  as  happens  with  liquid  material. 
He  action  of  rennin  goes  no  further  than  the  curdhng;  the  diges- 
ionof  the  curd  is  carried  on  by  the  pepsin,  and  later,  in  the  intes- 
JDee,  by  the  trypsin,  with  the  formation  of  proteoses  and  peptones 
IB  in  the  case  of  other  proteins.* 

^Rennin  is  found  elsewhere  than  in  the  gastric  mucosa.  It  has  been 
weribed  in  the  pancreatic  juice,  in  the  testis,  and  in  many  other  oigans 
■««D  as  in  the  tissues  of  many  plants.  In  fact,  wherever  proteolytic  enzymes 
0»lcNmd  there  also  some  evidence  of  a  curdling  action  on  milk  ma^  be  ob- 
MMd.  For  this  reason  some  observers  f  have  taken  the  view  that  the  nulk  coaf- 
■■tioii  IB  not  due  to  a  specific  ferment,  but  is  an  action  of  the  pepsin  itseu. 
w  b,  the  proteolytic  enzyme  is  capable  of  causing  the  change  from  casein 
0  paracasein  as  weU  as  the  h^drol3rBis  of  the  protein.  Thb  view  is  opposed  to 
V  prevalent  opinion  regardmg  the  specificity  of  enzyme  actions,  ana  is  con- 
RMneted  by  a  number  of  observers.  Burge,  for  example,  reports  that  if  a 
olntion  showing  both  peptic  and  rennetic  action  is  submitted  to  the  action  of 
A  eieetric  current  the  peptic  i>ower  is  destroyed  completely  in  a  certain  time, 
nuk  the  rennetic  action  remains  in  full  force. 

^  Another  interesting  fact  concerning  rennin  is  that  when  injected  into  an 
oonal  it  causes  the  formation  of  a  specific  antibody  known  as  antirennin, 
Wk  may  be  detected  in  the  blood.  This  antirennin  added  to  milk  prevents 
•eordling  by  rennin,  giving  a  result,  therefore,  similar  to  the  reaction  between 
XDos  and  antitoxins. 

The  Digestive  Changes  Undergone  by  the  Food  in  the 
^flOAch. — ^In  addition  to  the  pepsin  and  rennin  various  observers 
ive  described  other  enzymes  in  the  gastric  juice  or  gastric  mem- 
nuie,  but  the  evidence  at  hand  is  uncertain  regarding  these 
tter,  except  in  the  case  of  what  is  known  as  gastric  lipase 
^olhard).  As  was  said  above,  it  is  probable  that  the  ptyalin 
rallowed  with  the  food  continues  to  exert  its  action  upon  the 
■why  material  in  the  fundus  for  a  long  time,  so  that  in  this  way 
i6  starch  digestion  in  the  stomach  may  be  important.  Regarding 
«  fats,  it  is  usually  believed  that  they  undergo  no  truly  digestive 
isnge  in  the  stomach.  They  are  set  free  from  their  intimate 
izture  with  other  food  stuffs  by  the  dissolving  action  of  the  gas- 
ic  juice  upon  proteins,  they  are  liquefied  by  the  heat  of  the  body, 
id  they  are  disseminated  through  the  chyme  in  a  coarse  emulsion 
'the  movements  of  the  stomach.  In  this  way  they  are  mechan- 
illy  prepared  so  that  the  subsequent  action  of  the  pancreatic 

•For  references  to  the  very  abundant  literature,  consult  Oppenheimer, 
.eU. 

t  See  Pawlow  and  Parastschuk,  ''Zeitschrift  f .  phvsiol.  Chemie,"  42,  415, 
M;  Burge,  "American  Journal  of  Physiolog>,"  29,  330,  1912. 
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juice  is  much  favored,  \^lien;  however^  fats  are 
emulsified  form,  a,s  in  milk,  for  instance,  the  lipase  of  the  i 
according  to  Volhard,  may  cause  a  marked  hydrolyas, 
supposed  that  this  action  may  be  important  in  the 
the  milk-fat  by  infants.  Regarding  the  proteins,  the  pr: 
point  of  interest  is  as  to  how  far  they  are  digested  dunogl 
stay  in  the  stomach.  It  seems  probable  that  this  question  ^ 
not  admit  of  a  categorical  answer — that  is,  the  extent  of| 
digestion  varies  under  different  circumstances;  with  theoonsisll 
of  the  food,  the  duration  of  its  stay  in  the  stomach,  etc*  Iftll 
experiments  reported  by  Tobler  it  is  stated  that  48  per  d 
of  a  given  amount  of  protein  passed  through  the  pylord 
peptones  or  proteoses,  alirait  20  per  cent,  entered  the  tntai 
undigested,  and  20  to  .30  per  cent,  was  absorbed  from  the  stoial 
In  the  liquid  material  (chyme)  forced  through  the  pyl^Jinal 
the  duodemnn  one  may  find  unchanged  proteins »  primaijj 
secondary  proteoses,  peptones,  or  even  the  final  split  prodj 
of  proteolytic  act  if  m.  The  true  value  of  peptic  dig^id^ 
not  so  much  in  its  owm  action  as  in  its  combined  action  i 
the  tr^^sin  of  the  pancreatic  juice.  The  digestion  of  the  pro( 
of  the  food  is  accomplished  by  both  enifi>Tnes,  acting  in  i 
pepsin  first  and  then  the  tr^'psin.  The  preliminary 
the  stomach  is  important  as  regards  the  protein  foods  fnjmi 
standpoints:  First,  in  the  matter  of  mechanical  preparation  1 
food  and  its  discharge  in  convenient  quantities  ea^y  bandM 
the  duodenum.  Second,  in  the  more  or  less  complete  hydro) 
to  peptones  and  i)roteoses,  whereby  the  subsequent  action  d| 
pancreatic  juice  must  be  greatly  accelerated.  Indeed,  in  ij 
cases,  this  preliminary  action  of  the  pepsin-hydrochloric  arid! 
be  absolutely  necessar>\  Native  proteins,  such  as  serum-alb 
are  not  acted  upon  by  tr\^7sin,  but  if  submitted  first  to  ] 
hydrochloric  acid  they  are  quickly  digested  by  thfe 
These  and  other  facets  seem  to  indicate  that  the  peptic  dig 
not  so  much  an  end  in  itself  a.s  a  preparation  for  subsequent  I 
tinal  digestion.  The  stomach,  therefore,  may  Im?  removed  i 
a  fatal  result.  Several  ca.^es  are  on  record  in  which  the  i 
practically  removed  by  surgical  operation,  the  esophagOB  I 
stitchcil  to  the  duodenum.*  The  animals  did  well  and 
perfectly  normal,  although  special  precautions  were 
the  matter  of  feeding; 

Absorption  in  the  Stomach.— In  the  stomach  it  is  pcariblel 
there  may  lie  abso nation  of  the  following  substances:  W%WU 
sugars  and  dextrins  that  may  have  been  formed  in  salivarjTii 

•  l.udwig  ami  Ogiita,  ".\rchiv  f,  Physiologii?,'*  1883,  p.  89;  I 
Pachoii^  "Archives  de  physiologic  norm.  et.  path*,"  18m,  p,  106* 
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m starch,  or  that  may  have  been  eaten  as  such;  the  proteoses  and 
ptones  formed  m  the  peptic  digestion  of  proteins  or  albuminoids. 

addition,  absorption  of  soluble  or  liquid  substances — drugs, 
ohol,  etc.,  that  have  been  swallowed — may  occur.  It  was  formerly 
lomed,  without  definite  proof,  that  the  stomach  absorbs  easily 
ii  things  as  water,  salts,  sugars,  and  peptones.  Actual  experi- 
nts,  however,  made,  imder  conditions  as  nearly  normal  as  possible, 
m,  upon  the  whole,  that  absorption  does  not  take  place  readily 
the  stomach — certainly  nothing  like  so  easily  as  in  the  intestine. 
6  methods  made  use  of  in  these  experiments  have  varied,  but  the 
ist  interesting  results  have  been  obtained  by  establishing  a  fistula 
theduodenimi  just  beyond  the  pylorus.^  After  establishing  this 
lUla  food  may  be  given  to  the  animal  and  the  contents  of  the 
»inach  as  they  pass  out  through  the  pyloric  opening  may  be 
ight  and  examined. 

Water. — ^Experiments  of  the  character  just  described  show  that 
ter  when  taken  alone  is  practically  not  absorbed  at  all  in  the 
mach.  Yon  Mering's  experiments  especially  show  that  as  soon 
water  is  introduced  into  the  stomach  it  begins  to  pass  into  the 
estine,  being  forced  out  in  a  series  of  spurts  by  the  contractions  of 
)  stomach.  Within  a  comparatively  short  time  practically  all 
)  water  can  be  recovered  in  this  way,  none  or  very  little  having 
m  absorbed  in  the  stomach.  For  example,  in  a  large  dog  with  a 
iula  in  the  duodenum,  500  c.c.  of  water  were  ^ven  through  the 
«iUl  Within  twenty-five  minutes  495  c.c.  had  been  forced  out  of 
)  stomach  through  the  duodenal  fistula.  This  result  is  not  . 
e  for  all  liquids;  alcohol,  for  example^is  absorbed  readily.  * 

Salts. — The  absorption  of  salts  from  the  stomach  has  not  been 
Bstigated  thoroughly.  According  to  Brandl,  sodium  iodid  is 
ntbed  very  slowly  or  not  at  all  in  dilute  solutions.  Not  imtil  its 
iitions  reach  a  concentration  of  3  per  cent,  or  more  does  its  absorp- 
l  become  important.  This  result,  if  applicable  to  all  the  soluble 
iganic  salts,  would  indicate  that  imder  ordinary  conditions  they 
practically  not  absorbed  in  the  stomach,  since  it  can  not  be  sup- 
led  that  they  are  normally  swallowed  in  solutions  so  concentrated 
i  per  cent.  In  the  same  direction  Meltzer  reports  that  solutions 
Btiychnin  are  absorbed  with  difficulty  from  the  stomach  as  com- 
ed  with  the  intestines,  rectum,  or  even  the  pharynx.  It  is  said 
t  the  absorption  of  sodium  iodid  is  very  much  facilitated  by 

use  of  condiments,  such  as  mustard  and  pepper,  or  alcohol, 
ich  act  either  by  causing  a  greater  congestion  of  the  mucous 
mbrane  or  perhaps  by  directly  stimulating  the  epithelial  cells. 

*  Compare  von  Mering,  "  Verhandl.  des  Congresses  f.  innere  Med.,"  12, 
l893;Edkins,  "Journal  of  Physiology,"  13,  445,  1892;  Brandl,  "Zeit- 
ift  f.  Biologie,"  29,  277,  1892. 


772 


PHYSIOLOGY    OF   DIGESTION    AND    SECRETION, 


^ 


Sugars  and  Peptones. — Experiments  by  the  newer  methods 
no  doubt  that  sugars  and  peptones  can  be  absorbed  from  the 
ach.     In  von  Mering's  work  different  forms  of  si 
lactose,  saccharose  (cane-sugar),  maltose,  and  also  dextrin— f| 
tested.     They  were  all  absorbed,  but  it  was  found  that  absoipl 
was  more  marked  the  more  concentrated  the  solutions.    Bn 
reports  that  sugar  (dextrose)  and  peptone  are  not  sensibly  absd 
until  the  concentration  has  reached  5  per  cent.     With  tbfiei 
stances  also  the  ingestion  of  condiments  or  of  alcohol  increaaeS 
tinctly  the  absorptive  processes  in  the  stomach.     Examinaliai 
the  mucous  membrane  of  a  stomach  in  full  digestion  shows  iM 
contains  albumoses  (Glaessner),— a  fact  that  indicates  aoBM 
sorption   of   the   digested    protein.     Direct   examination  of 
stomach  contents*  indicates  that  the  products  of  peptic  al 
beyond  the  albumose  stage  may  be  partly  absorbed*    Oft 
whole,   however,  it  would  seem   that  sugars  and  peptooei 
absorbed  with  some  difficulty  from  the  stomach.  j 

Fats, — ^As  we  have  seen,  fats  probably  undergo  no  ^igm 
changes  in  the  stomach,  except  when  eaten  in  emulsified  fo 
The  processes  of  saponification  and  emulsification  are  suppoed 
be  preliminary  steps  to  absorption,  and  these  processes  take  pi 
usually  after  the  fats  have  reached  the  small  intestine.  The  f»t  | 
is  not  acted  upon  at  all  in  the  stomach  is,  of  course*  not  ftbwrll 
and  even  those  fats  in  emulsified  form  which  are  partially  sapool 
in  the  stomach  escape  absorption  until  they  reach  the  small  interf 
*  Zunr,   *Beitrage  siir  chem,  FhysioL  u.  Pathol,/'  3,  339.  1903, 
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food  undergoes  its  most  profound  digestive  changes  in  the 
€6,  and  here  also  the  products  of  digestion  are  mainly  ab- 

The  intestinal  digestion  begins  in  the  duodenum,  and  is  largely 
bed  by  the  time  that  the  food  arrives  at  the  ileocecal  valve, 
'ected  through  the  combined  action  of  three  secretions, — ^the 
ktic  juice,  the  secretion  from  the  intestinal  glands  (succus 
is),  and  the  bile.  These  secretions  are  mixed  with  the  food 
e  duodenimi  on,  so  that  their  action  proceeds  simultaneously, 
rposes  of  description  it  is  necessary  to  speak  of  each  more  or 
arately. 

I  Pancreas. — The  pancreas  forms  a  long,  narrow  gland  reach- 
n  the  spleen  to  the  curvature  of  the  duodenum.    Its  main 

man  (duct  of  Wirsimg)  opens  into  the  duodenum,  together 
e  common  bile-duct,  about  8  to  10  cms.  beyond  the  pylorus, 
ints  at  which  the  duct  or  ducts  of  the  pancreas  enter  the 
e  vary  somewhat  in  different  mammals.  In  the  dog  there  are 
ef  ducts,  one  opening,  together  with  the  bile-duct,  about  3  to 
elow  the  pylorus,  while  a  second  enters  the  duodenum  some 
JJD8.  farther  down.  In  rabbits  the  principal  pancreatic  duct 
eparately  into  the  duodenum  about  35  cms.  below  the  opening 
bile-duct.  The  pancreas  is  a  compound  tubular  gland  like 
ivary  glands.  The  cells  lining  the  secreting  portion  of  the 
,  the  alveoli,  belong  to  the  serous  or  albuminous  type.  They 
lacterized  by  the  fact  that  the  outer  portion  of  each  cell  is 
led  of  a  clear,  non-granular  material  which  stains  readily, 
;he  inner  portion,  the  portion  facing  the  lumen,  contains 
HIS  granules.  Histological  study  of  the  gland  after  active 
►n,  as  compared  with  the  resting  state,  has  shown  very  con- 
y  that  these  granules  represent  a  preparatory  material  for 
»n.  As  the  secretion  proceeds  the  granules  are  dissolved 
icharged  into  the  lumen,  while  during  the  periods  of  rest  new 
s  are  formed  by  metabolic  processes  at  the  expense,  appar- 
rf  the  non-granular  material  in  the  basal  portion  of  the  cell. 
Qhain,  Kiihne,  Lea).  The  histological  picture  of  secretion 
ineral  the  same  in  this  as  in  the  salivary  and  gastric  glands, 
mewhat  more  distinctly  shown.  On  the  supposition  that  the 
8  constitute  an  antecedent  material  from  which  the  enzymes 
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of  the  secretion  are  formed  they  are  frequently  designate 
gen  granules.  The  pancreas  contains  also  certain  pecuUar| 
cells,  the  islands  (or  bodies)  of  Langerhans.  These  cells  pW 
have  nothing  to  do  with  the  digestive  activity  of  the  pw 
Their  supposed  function  is  i-eferred  to  in  the  sections  oa  Ir 
Secretions  and  Nutrition. 

Composition  of  the  Secretion. — ^The  panereiktic  seeretioi 
alkaline  li(|uid  which  in  some  animals  is  thin  and  limpid,  in 
thick  and  glaiiy.  The  secretion  in  man  belongs  to  the  J 
type ;  it  is  described  as  water-clear  and  as  ^la^ing  a  specific  gra 
h0075.  The  secretion  may  l>e  collected  by  opening  the  ain 
and  inserting  a  cannula  directly  into  the  duct,  or  a  pcm 
fistula  may  be  made  by  the  metliod  of  Pawlow.  This  m 
applicaljle  to  the  dog,  consists  in  cutting  out  a  smaD  port 
the  duodenum  where  the  pancreatic  duct  opens  and  then  su 
this  piece,  the  mucous  membrane  outiivard.  into  the  abd( 
walL  The  secretion  in  this  case  pours  out  upon  the  exterior  ao 
be  collected.  The  animal,  however,  suffers  nutritive  distuil 
from  the  loss  of  the  secretion,  and  requires  careful  dieting  and 
lion.  The  secretion  of  the  human  pancreas  has  been  collet' 
several  cases  in  which  it  was  necessarj*  to  drain  off  the  pane 
juice  to  the  exterior.  From  the  observations  made  in  one  a 
appears  that  the  secretion  in  man  is  quit^  abundant,  an 
ing  to  500  to  800  ex.  per  day.  In  the  cow  (Delezenne)  from  1 
liters  may  be  collected  in  the  course  of  a  day.  The  s«x*retioi 
sesses  a  strong  alkaline  reaction,  due  to  the  presence  of  » 
carbonate;  it  also  contains  a  small  amount  of  coagulable  p 
and  a  number  of  organic  substances  in  traces.  The  imp 
constituents,  however,  are  three  enzjines  or  their  zymog 
namely,  tr^qisin,  a  proteol>iic  enz>nne;  pancreatic  diastaae  ( 
aee),  an  amylol>i:ic  enzyme;  and  lipase  (steapsin),  a  lif 
enzyme.  Some  authors  state,  also,  that  the  secretion  cent 
rennin  enzyme.  Glaessner  reports  that  he  got  no  evidence  < 
last  enzj-me  in  human  prmcreatie  juice. 

Secretory  Nerve  Fibers  to  the  Pancreas.— The  pii 
receives  its  nerve  supply  unmediately  from  the  celiac  plexu 
stimulation  of  the  ner\TS  going  to  this  plexus — namely,  the  sp 
nics  and  the  vagi — have  given  negative  results  in  the  hands  d 
oi)servers  so  far  as  the  pancreatic  secretion  is  concerned,  Pa^ 
and  his  coworkers  claim  to  have  been  more  successful.  Mech 
stimulation  or  electrical  stimulation  of  the  vagus  or  splanchnii 

♦See  Glar^snpr,  ''Zeitsrhrift  f.  phyaiol.  Chemie,"  40,  465»  IW, 
Wohlgennith,  ''Bioehem.  Zeitsclinft/*  39,  ^02,  1912. 

t  For  n:'€cnt  work  ujmn  the  panrrpHs  anfi  the  litenitttn*  see  P 
"The  Work  of  Iht*  Digestive  Glands/ '  translation  by  Thonipef»n,  1903 
li88  ami  Htarlinf.?,  "Jounial  of  Phy3iolog>',"  30,  61,  *it*<M;  Wadier,  "X 
des  sciences  biolotdqtM'S,"  7,  1,  1^99. 
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i  marked  flow  of  pancreatic  juice,  but  when  the  latter  form  of 
us  was  used  upon  the  splanchnic,  it  was  necessary  to  cut 
rve  some  days  previously  in  order  that  the  vasoconstrictor 
might  degenerate.  The  secretion  provoked  by  stimulation 
vagus  is  more  easily  obtained  when  the  stimulus  is  applied 
nerve  in  the  thorax  below  the  origin  of  the  branches  to  the 
The  secretion  obtained  upon  stimulation  of  the  nerves 
racterized,  as  in  the  case  of  the  gastric  glands,  by  a  long 
period  of  some  minutes, — a  fact  that  is  explained,  although 
bisfactorily,  on  the  assumption  that  the  nerve  trunks  stimu- 
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208. — Four  curves  of  the  secretion  of  the  pancreatic  juice,  the  three  in  black, 
dter,  ehowins  the  secretion  in  dogs  on  different  diets:  (1)  on  000  c.c.  of  milk:  (2) 
smsb  bread;  (3)  on  100  gms.  of  meat.  The  curve  in  red,  from  Glaesraer,  snows 
ition  in  man  on  a  mixed  diet,  soup.  meat,  and  bread.  The  figures,  1,  2.  3  ete., 
e  abscissa  indicate  hours  after  the  beginning  of  the  meal.  The  figures  along  the 
s  indicate  the  quantity  of  the  secretion  in  cubic  centimeters. 


contain  both  secretory  and  inhibitory  fibers  and  that  the 
mistic  action  of  the  latter  delays  the  appearance  of  the 
on.  These  observations  have  been  taken  as  proof  of  the 
ice  of  secretory  nerve  fibers  to  the  pancreas,  the  fibers 
g  chiefly  in  the  vagus  nerve. 

e  Curve  of  Secretion. — ^The  rate  of  flow  of  the  pancreatic 
rith  reference  to  the  period  of  digestion  has  been  determined 
umber  of  observers.  In  the  careful  experiments  reported  by 
•  it  is  shown  that  the  quantity  of  secretion  is  dependent  to  a 
arable  extent  upon  the  character  of  the  food.  Thus,  the 
more  abundant  and  reaches  its  maximum  sooner  after  a 
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meal  of  bread  alone  than  after  a  meal  of  meat  alooe.  It  eeeois 
possible  that  the  latter  point,  the  time  at  which  the  maxim um flow 
IB  reached,  nmy  depend  upon  the  difference  in  rate  at  which  thee 
foods  are  ejeeted  from  the  stomach*  Cannon  (p*  7 1 1)  has  ehown  that 
the  carbohydrate  foiids  leave  the  stomach  sooner  than  the  proteins  or 
fats.  It  is  stated,  ho\ve%'er,  that  the  composition  of  the  serrpttOD 
varies  also  with  the  character  of  the  food,  and  indeed  Bhows  &a 
adaptation  to  the  character  of  the  food.  The  secretion  rjiused  by 
protein  food  is  especially  rich  in  trj'psin,  that  caused  by  fatty  food 
in  lipase,  etc.  The  mechanian  by  which  this  adaptation  is  secured 
is  not  understood,  Glaessner*  lias  nie-asuied  the  rate  of  flow  in 
nmn,  and  his  cur^'C  for  a  mixed  diet  is  represented  alao  (in 
red)  in  Fig.  296,  These  curves  indicate  in  general  that  the  secreticMi 
of  pancreatic  juice  l>egin3  ver\'  soon  after  food  enters  the  stomicli, 
and  increases  rapidly  to  a  maximum,  w^hich  is  reached  somewhere 
l^etween  the  second  and  fourth  hoxu:.  According  to  GlaessDer'i 
case,  there  is  a  continuous  small  secretion  of  the  juiee  during  fast- 
ing. The  obsen^ations  on  dogs,  on  the  contmr>>  indieatie  iii 
entire  cessation  of  the  flow  when  the  stomach  is  empty. 

BoldirefFf  has  reported  a  very  curiotis  activity  of  the  digeetive  fxpea 
durinj^  fasting.  It  seems  that  (in  do^)  when  the  stomach  or  eveo  the  ffniD 
intestuie  h  empty  the  entire  gastro-mtestinal  ean&l  exhibits  Deriodieal  oot- 
breaks  of  activity ^  which  occur  at  intervals  of  two  hours  and  last  for  t»«otj 
to  thirty  m mutes.  During  this  stage  the  stomach  and  intestiDes  eathihit 
movetnenUsp  and  there  is  an  abundant  secretion  of  i>ancreatic  juice,  bile,  lod 
intestinal  juice,  which  is  subsequently  aljMorbed.  Acids  introdticed  into 
the  stoma<"h  or  intestiiies  prevent  the  occurrence  of  these  penodA,  and  tfc^ 
are  absent^  therefore^  a^  long  as  the  stomach  contains  ^&$tric  jmca^  tbf 
author's  suRge^tion  that  the  secretions  thiis  formed  furnish  active  msfom 
which  are  a1jsorl>ed  into  the  hlwKl  and  utilized  by  the  tisisueB  in  dentygyai 
the  newly  absorbed  foml  does  not  commend  itself  as  probable. 

Normal  Mechanism  of  the  Pancreatic  Secretion — Secretin* 
— Much  light  was  thrown  upon  the  mechanism  of  pancreatic  secretiai 
by  the  discoven'  (Dolinsky,  1895)  that  acida  brought  into  coaUrt 
with  the  mucous  membrane  of  the  diiodenimi  set  up  promptiy  i 
secretion  of  pancreatic  juice.  Since  this  discovery  it  has  been  be- 
lieved that  the  acid  gastric  juice  is  the  means  tlmt  serves  to  inauguiste 
the  flow  from  the  pancreas.  As  soon  as  any  of  the  acid  coolenti  d 
the  stomach  pass  through  the  pylorus  this  action  begins,  Justifltkl 
chewing  and  swallowing  of  the  food  initiate  the  gastiic  secretioii,^ 
the  acid  of  the  latter  starts  the  pancreatic  secretion.  Assmitt 
that  the  pancreatic  gland  possesses  secretoty  fibers  it  was  thoiiglit  •* 
first  that  the  acid  acts  reflexly  through  these  fibers — that  is,  the  w^ 
in  the  duodenum  acting  upon  sensor}-'  endings  causes  a  reflex  i 
lation  of  the  effei*ent  secretor}'  fillers.  It  has  lieen  shown,  hoiww^j 
that  the  same  effect  takes,  place  after  section  of  the  vagitf 

♦  niaessner^  loe,cU. 

t  BoIdirefT,  ''Archives  dee  sdences  biologtquee/'  U,  1,  ISNKi 
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)laQchnic  nerves  (Fopielski),  and  Bayliss  and  Starling  *  have  called 
toition  to  another  more  probable  explanation.  These  authors  find 
lukt  if  the  mucous  membrane  of  the  duodenum  (or  jejimum)  is 
sraped  off  and  treated  with  acid  (0.4  per  cent.  HCl)  the  extract 
\m  made  when  injected  into  the  blood  sets  up  an  active  secretion  of 
ADcreatic  juice.  They  have  shown  that  this  effect  is  due  to  a  special 
obstance,  secretin,  which  is  formed  by  the  action  of  the  acid  upon 
ome  substance  (prosecretin)  present  in  the  mucous  membrane, 
lecretin  is  not  an  enzyme,  since  its  activity  is  not  destroyed  by  boil- 
)g  nor  by  the  action  of  alcohol.  The  experimental  evidence  at 
TOaent  favors  the  view  that  the  normal  sequence  of  events  is  as 
oQowb:  The  acid  of  the  gastric  juice  upon  reaching  the  duodenum 
ttoduces  secretin;  this  in  turn  is  absorbed  by  the  blood,  carried  to 
he  pancreas,  and  stimulates  this  organ  to  activity.  The  pan- 
reatic  secretion  furnishes,  therefore,  a  second  example  of  the  group 
f  substances  designated  by  Starling  as  hormones  (p.  763).  Accord- 
ng  to  the  evidence  at  present  in  our  possession  we  must  believe 
hat  the  pancreatic  secretion,  like  the  gastric  secretion,  consists 
•f  two  parts:  1,  A  nervous  secretion  caused  by  the  secretory 
ibere  in  the  vagus  and  splanchnic;  2,  a  chemical  secretion  due  to 
he  action  of  the  secretin.  These  two  secretions  are  said  to 
•eeent  quite  different  characters.f  The  former  is  thick,  opales- 
«it,  rich  in  ferments  and  proteins,  but  poor  in  alkalies.  The 
fypsin  contained  in  it  may  be  secreted  in  active  form,  and  the 
Boetion  is  suspended  by  the  action  of  atropin.  Administration 
f  pflocarpin,  on  the  contrary,  excites  this  secretion.  The  chemical 
Kretion,  on  the  contrary,  is  thin  and  watery,  contains  relatively 
We  ferment  or  proteins,  and  is  rich  in  alkali.    The  trpysin  in 

•  is  secreted  in  inactive  form  (see  next  paragraph),  and  the 
deletion  is  not  affected  by  the  administration  of  atropin.  The 
ormal  relation  of  these  two  forms  of  secretion  in  an  ordinary 
leal  is  not  so  apparent  as  in  the  case  of  the  gastric  secretion,  but 
in  doubtless  be  made  clear  by  subsequent  work. 

Activation  of  the  Trypsin — Enterokinase. — It  was  discovered 
1  Pawlow's  laboratory  (Chepowalnikow)  that  the  pancreatic  juice 
stained  from  a  fistula  may  have  little  or  no  digestive  action  on 
vteins,  but  if  brought  into  contact  with  the  duodenal  membrane 
'  an  extract  of  this  membrane  it  shows  at  once  powerful  pro- 
fiytic  properties.  This  discovery  has  been  confirmed  repeatedly, 
ridently  the  proteoljrtic  enzyme  of  the  juice  is  secreted  in  a 
mogen  or  pro-enzyme  form  (trypsinogen),  which  is  activated  or 
averted  to  trypsin  by  something  contained  in  the  mucous  mem- 

*  Bayliss  and  Starling,  '*  Journal  of  Physiology,"  28,  235,  1902. 
tSawitsch,  "Zentralblatt  f.  d.  ges.  Physiol,  u.  Pathol,  d.  Stoflfwechsels," 
1,1909. 
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brane  of  the  small  intestine  (duodenum,  jejunum).  This  son 
Pawlow  supposed  is  an  enz}  me,  mul  since  its  action  is  on  i  _ 
enzyme,  *'a  ferment  of  ferments/*  he  designated  it  aa  a  kinsp 
or  enterokinase.  The  action  of  the  enterokinase  is  very  prompi 
and  decided  and  was  supposed  to  be  specific,  but  later  observer 
(Delezenne-Zunz)  state  that  an  inactive  pancreatic  aecretioD 
may  be  activated  by  a  number  of  salts,  ei5peciaUy  those  of  ealduffi 
and  magnesium.  The  physiological  value  of  this  verv"  int«witing 
relation  is  not  clear,  Imt  it  seems  possible  that  it  may  scr^'e  to 
protect  the  living  tissue^s  from  the  powerful  digestive  actio©  of 
the  tr3rpsin*  The  other  enzymes  of  the  pancreatic  juictr  tk 
diastase  and  the  lipase,  are  secreted  in  part,  at  least,  in  acti*t 
form. 

The  Digestive  Action  of  Pancreatic  Juice. — The  dipsinf 
action  of  the  secretion  depends  upon  the  three  enzymes,  trypsin. 
diastase  (amylase),  and  lipase.  The  specific  effects  of  eich  m^ 
be  considered  separately. 

Aciian  of  Trypsin. — The  activated  trypsinogen  causes  hydrolvt^e 
cleavage  of  the  protein  molecule  in  a  manner  analogous  lo  ' 
described  for  pepsin.     Its  action  differs  from  that  of  pepsin,  howtv^ 
in  several  respects.     It  attacks  the  protein  in  neutral  as  weBa^i 
slightly  acid  or  markedly  alkaUne  solutions.     Its  effect  upon  I 
protein  is  more  rapid  and  powerful  than  that  of  pepsin  aod  ' 
protein  molecule  is  broken  up  more  completely.     As  waa  and  i 
describing  the  action  of  pepsin,  it  and  the  trypsin  reaUjr  Ki  0 
series^the  change  begun  by  the  pepsin  is  completed  by  llie  ifff 
sin.     The  preUminary  action  of  the  pepsin  not  only  hasteostifttt' 
the  tr>T)sin,  but  to  some  extent  alters  it;  a  protein  submitted  fiff* 
to  pepsin  and  then  to  tr^^Dsin  is  more  completely  broken  up  than  ^ 
the  tiy^sin  acted  alone.    The  steps  in  the  hy*irolysis  of  the  ] 
molecule  by  trypsin  have  been  the  subject  of  a  very  great  aiwmftJ* 
study,  and  views  as  to  the  details  have  changed  somewhftt  I 
time  to  time.     It  would  seem  that  the  try^psin,  like  the  pepsi 
hydrolyises  the  simple  proteins  first  to  a  proteose,  and  then  toip*?^ 
tone  stage,  but  the  latter  product  may  lie  split  still  further  intD* 
variety  of  simpler  bodies,  the  number  and  character  of  which*" 
pend  on  the  amount  of  tr>i>sin  and  the  time  that  it  acts.    AA* . 
a   prolonged   pancreatic    digestion   no   peptone   or   pepton^^l 
body  can  be  found;  in  fact,  no  substance  which  gives  a  biuivr  n^f 
tion.    Under  such  conditions  the  protein  molecule  is  broken  up^J 
completely  into  a  great  number  of  smaller  molecules^ 
which  have  been  identified,  while  some  have  as  yet 
tection  so  far  as  their  chemical  structure  is  concerned.    The! 
products  formed  depend  on  the  lengtb^of  time  the  tr^Tsmni^i 
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ict  and  the  conditions,  favorable  or  unfavorable,  under  which  it 
I.  The  end-products  usually  obtained  most  easily  are  tyrosin, 
an,  aspartic  acid,  glutaminic  acid,  tryptophan,  lysin,  arginin, 
idin.  The  first  two  of  these  substances  have  been  known  for  a 
5  time  and  may  be  obtained  easily  in  crystalline  form  from 
fCreatic  digestions.  If  the  trypsin  is  allowed  to  exert  its  complete 
on  upon  the  protein  the  end-products  are  closely  similar  to  those 
ained  by  boiling  protein  with  acids.  The  hydrolysis  caused 
the  acids  and  by  the  trypsin  seems  to  be  nearly  identical,  although 
t  caused  by  the  acids  is  probably  more  complete  and  perhaps 
attended  by  secondary  reactions.  The  niunerous  products  ob- 
led  by  this  complete  hydrolysis  consist  chiefly  of  aminx)-acids — 
t  is,  organic  acids  containing  one  or  more  amino-groups  (NH,) 
Brect  umon  with  carbon.  The  nitrogen  of  the  protein  molecule 
tears  in  the  split  products  in  this  form  and  also  partly  as  ammo- 
compounds.  Some  of  the  amino  bodies  are  monamino-acids — 
t  is,  contain  one  NHj  group,  such  as  leucin,  tyrosin,  glycin 
iDd  include  substances  belonging  to  the  fatty  acid  series  (ali- 
^c  series),  the  benzene  or  carbocyclic  series,  and  the  hetero- 
Be  series.  Others  are  the  so-called  diamino-acids  which  exhibit 
rked  basic  properties  and,  therefore,  are  frequently  described  as 
X)genous  bases,  and  sometimes  as  the  hexon  bases,  since  they 
tain  six  carbon  atoms.  This  group  consists  of  leucin,  arginin, 
Ihistidin. 

rbe  chemical  formulas  for  some  of  these  bodies  are  as  follows.  For  their 
lerties  and  chemical  relationships  reference  must  be  made  to  the  text- 
u  on  physiological  chemistry  (see  also  Appendix,  Chemistry  of  Proteins, 
imore  complete  list): 

I.   MONAMINO-BODIES. 
FATTY   ACID  SERIES. 

jlydn  or  amino-acetic  acid:  CH^NH^COOH.  This  product  is  obtained 
in  especially  large  cjuantities  by  hydrolysis  of  gelatin.  According 
to  Abderhalden,*  it  is  split  off  with  difficulty  by  trypsin. 

Uanin  or  a-aminopropionic  acid:  CHjCHNHjCOOH. 

/alin  or  aminovalerianic  acid:  ^g»>CHCHNH,COOH. 

Lwicin  or  aminocaproic  acid:    gg»^CHCH,CHNH,COOH.    As  stated 

above,  this  compound  was  one  of  the  first  end-products  of  protein 
hydrolysis  that  was  recognized.  It  may  be  obtained  readily  in 
crystaUine  form. 

CHNHjCOOH 
Aspartic  or  aminosuccinic  acid:      I 

CHjCOOH. 

wnmicacid:  CH,  ^^^^^^.^^l^ jj^ 

'*«lden,  "Zeitschrift  f.  physiol.  Chemie,"  44,  17,  1905.     Consult 
icription  of  the  digestion  of  proteins. 
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BENZEN13   OR  AROMATIC   BERII». 

Tyrosin  (para-oxyphenylaminopropionic  acid) :  CfH^OH .  CH|  ♦  CBXH^ 
COOH.  This  substance  was  also  among  the  firet  recogmied  prw* 
nets  of  protein  hydrolysis  It  occurs  early  in  the  process  of  j^ 
creatic  digestion,  and  is  easily  obtained  in  crj'stalline  form  fito 
the  digested  mixture.  It  is  especially  interesting  because  of  ^ 
pre^stmce  of  a  benzene  nucleus,  thuK  giving  proof  that  the  bttSBi 
grouping  occurs  normalJv  in  the  protein  molecule. 

Phenylalaiiin(phenylaramopropionicacid):  C^HiCHjCHNHjCOOH.  TW  , 
Ijeiizene  derivative  is,  according  to  Abderhalden,  split  off  ffcnatlt 
protein  with  difficulty  by  the  action  of  trypsin.   Although  i     '^ 
produced  by  acid  hydrolysis. 

PYRROL   AND   INDOL    fiERIEa. 

ProUn  or  c-pyrrolidin  carboxylic  acid:  CH,    CHCOOH,     This  i 

NH 

discovered  first  by  Fischer  among  the  products  of  add  hydrolyw  rfi 
proteins,  haa  since  iicen  shown  to  occur  in  tryptic  dimtioii^  IjlBt| 
the  glycin  and  phenylaliinin,  it  m  produced  with  diificultv  by  UTpMil 
acting  alone,  but  more  readily  if  the  tryptic  actioD  foUcwn  9|*'| 
previous  peptic  digention,  a^  is  the  case  in  the  body.  \ 

Tryptophan  (indolaminopropionic  acid):  This  eubptance  has  long  bee©  ppcbt 
nized  among  the  products  of  tryptic  digestion  by  the  rSdili*b-rio«*  f 
color  fTiedemann  and  Gmelin,  1826)  observed  upon  the  Mi^^  \ 
chlorin  or  brotnin-    It^  chemical  Htnjcture  wa*<  determined  by  Hq  '  " 
and  Cole  (1901).     According  to  EUinger,*  tryptophan  b'lO  1 
amino-propionic  acid,  containing,  thereforCj  a  befUbeoe  nu"*"* 
denaed  with  a  pyrrol  nucleus. 
CH 


HC, 


C.CHaCHNHjOOOH. 


HCl,  ^-'C^,   :^CH 
CH    NH 

When   fed   to   dogs   it   causes   the   appeanuioe  of   Icynunoie  irf 
(GioH^NOj)  in  the  urine. 

It  is  interesting  as  showiDg  the  existence  of  an  indol  pv0i 
in  the  protein  molecule. 

II.  The  DiAMiNo-BODiEs  (Hexon  BAflsa) 

Lystn   (a-^-diaminocaproic  acid) :    C|Hj|N,0|  or  CH^'HjCCIIJpLW  i 
COOH.  _  ^ 

Areinin  (guanidin  a-aminovalerianic  acid) :  CiHuN^O,  or  XHCNPr* 
CH,(CH3),CHNH,C()UH. 

Hiatidin:  C*HoN,0,  (imidaiolaminopropionic  acid). 
,NH— CH 


CH:^ 


^  II 

"^N    --C--€HaCHNH,COOH. 


The   Significance   of   Tryptic    Digestion* — It   wtf 

supposed  that  the  object  of  peptic  and  tn^^tic  digestioo  ii  toj 
vert  the  insoluble  and  !ion-dialyzable  proteins  into  the   '  . 
more  soluble,  and  more  diffusible  peptones  and  proteoses,  h* 
*  Elhnjter.  **  Zeitsclirift  f.  phyaioh  Chemie/'  43,  325,  1901 
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wy  absorption  of  protein  material  was  explained.  This  view, 
bowever,  is  not  suflScient.  On  the  one  hand,  it  has  not  been  possible 
to  prove  conclusively  that  peptones  or  proteoses  are  found  in  the 
blood;  on  the  other  hand,  a  better  knowledge  of  the  processes  of 
tayptic  or  of  peptic-tiyptic  digestion  has  shown  that  the  hydrolysis 
does  not  stop  at  the  peptone  stage;  the  protein  molecule  is  split  into 
a  number  of  simpler  crystalline  substances,  the  various  amino- 
bodies.  At  present  different  views  exist  as  to  the  extent  of  this 
ktter  process.  Some  believe  that  the  protein  molecule  is  entirely 
broken  down  into  its  so-called  end-products,  and  that  in  order  to 
flerve  its  nutritive  function  these  products  or  some  of  them  must  be 
fl^thetically  combined  again  after  absorption.  This  view  is 
nqyported  by  the  discovery  of  the  existence  of  the  enzyme  erep- 
■n  (see  below)  in  the  intestinal  mucosa.  The  action  of  this 
litter  enzyme  is  exerted  especially  upon  the  albumoses  and  pep- 
tones, breaking  them  down  into  the  amino-acids,  so  that  apparently 
iritttever  peptone  or  albumose  may  escape  the  final  action  of  the 
tqrpsin  before  absorption  is  likely  to  be  acted  upon  by  the  erepsin 
btfore  reaching  the  blood.*  Another  interesting  view  is  that  sug- 
BGBied  by  Abderhalden.f  According  to  this  author,  the  hydrolysis 
of  the  protein  by  pepsin  and  trypsin  (and  perhaps  by  erepsin)  is  not 
mnplete.  Many  amino-bodies,  such  as  tyrosin,  leucin,  arginin,  etc., 
^  split  off  from  the  protein  molecule,  but  there  remains  behind 
^t  one  may  call  a  nucleus  of  the  original  molecule,  which  serves  as 
^  starting  point  for  a  synthesis.  This  nucleus  is  a  substance  or  a 
liumber  of  substances  intermediate  between  the  peptone  and  the 
fa^)ler  end-products,  and  is  spoken  of  as  a  peptid  or  polypeptid 
M  Appendix).  Abderhalden  has  shown  that  in  tryptic  digestion 
•'idi  substances  are  formed — ^that  is,  substances  which  are  not 
)4>tones,  since  they  no  longer  give  the  biuret  reaction,  but  which 
^ve  a  certain  complexity  of  structure,  since  upon  hydrolysis 
^  acids  they  split  into  a  number  of  monamino-  and  diamino- 
^es.  A  schema  of  peptic-tryptic  digestion  from  this  standpoint 
*^y  be  given  as  follows: 

Native  protem. 
Peptone. 

Polypeptid.      Tyrosin.  leucin,  glutaminic  acid,  aspartic  acid. 
o-pyrroUdineait^xylio  acid,  tryptophan,  etc. 
Ar^nin,  lysin,  histidin. 

•Vemon  ("Journal  of  Physiology,"  30,  330,  1904)  believes  that  the 
jtoeatic  secretion  contains  two  proteolytic  enzymes — trypsin  proper, 
Qeh  converts  the  proteins  to  peptones,  and  pancreatic  erepsin,  which  oreaks 
^  the  peptones  into  the  simpler  end-products,  the  amino-bodies. 

t  ADoerhalden,  loc,  cU. 
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From  either  of  the  points  of  view  presented  it  may  be  suggested 
the  value  of  this  more  or  less  complete  splitting  of  the  protein  ot 
food  lias  in  the  possibility  that  thereby  the  body  Ls  able  to 
its  own  fieculiar  type  of  protein.  Many  diffei-ent  kinds  of 
are  taken  as  food  and  many  of  them  if  introduced  directly  into 
blood  act  as  foreign  material  incapable  of  nourishing  the  ti^ 
If  these  proteins  are  broken  down  more  or  less  completely  dm 
digestion  the  tissue  cells  may  reconstruct  from  the  pieces  a  forj 
protein  adaptable  to  their  needs,  and  more  or  less  charactcrii 
for  that  particular  organism.  This  general  point  of  view  I 
gained  groynd  in  recent  years,  and  has  obtained  much  mpA 
from  the  fact  that  an  animal  may  be  nourished  properly  on  ad 
in  which  the  protein  of  the  foml  is  entirely  replaced  by  the  li 
products  of  a  complete  protein  hydrolysis.  1 

Action  of  the  Biastatic  Enzyme  (Amylase)  of  the  H 
creatic  Secretion, — This  enzyme  is  found  in  the  secretion  ofj 
pancreas  or  it  may  be  extracterl  from  the  gland.  lt«  action 
fitarchy  foods  is  closely  similar  to  or  itleotical  with  that  of 
It  causes  an  hydmlysis  of  the  starch  with  the  production 
maltose  and  achroodextrin.  Before  absorption  these  sul 
fnrther  acted  ypon  by  the  maltase  of  the  intestinal  seci 
converted  to  dextrose.  The  starchy  food  that  escapes 
the  mouth  and  stomach  becomes  mixed  with  this  enzytm 
duodenmn,  and  from  tliat  time  until  it  reaches  the  end  of  the 
intestine  conditions  are  favorable  for  it6  conversion  to 
Most  of  this  digestion  is  probal>ly  completed,  under  nonrJJtl 
ditions,  before  the  contents  of  the  intestinal  canal  reach  the  9) 
cecal  valve.  ^ 

Action  of  the  Lipolytic  Eiiz3rme  (Lipase,  Steapsin).—! 
importance  of  the  pancreatic  secretion  in  the  digestion  of  fats 
first  clearly  stated  by  Bernard  (1849),     We  know  now  that  this 
tion  contains  an  active  enxyrae  capable  of  hydroh^zing  or  saponiQj 
the  neutral  fats.    These  latter  bodies  are  chemically  esters  flf 
trihydric  alcohol  glycerin.    When  h>'drolyzed  they  break  op 
glycerin  and  the  constituent  fatty  acid.      The  action  of  lip6» 
be  represented,  therefore,  by  the  following  reaction,  in  the  m 
palmitin : 

CJI,(C.,H«COO),  +  3H,0  -  C,H,(OH),  -f  3(C,»H50D0H) 

Palniitiii.  Glyceiin.  pJmitie  Add* 

When  lipase  from  any  source  is  addetl  to  neutral  oils  iU  i 
action  is  readily  recognized  by  the  development  of  an  acid  \ 
due  to  the  formation  of  the  fatty  acid.  If  a  bit  of  freeh  | 
m  added  to  butter,  for  example,  and  the  mixture  is  kept  alt 
temperature  the  hydrolysis  of  the  fats  is  soon  made  evideot  1 
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jid  odor  due  to  the  butyric  acid  produced.  When  pancreatic 
e  is  mixed  with  oils  or  liquid  fats  two  phenomena  may  be 
€ed:  finst,  the  splitting  of  the  fat  already  referred  to,  and,  second, 
emulsification  of  the  fat.  The  latter  process  is  very  striking. 
o3  is  emulsified  when  it  is  broken  up  into  minute  globules  that  do 
coalesce.  Artificial  emulsions  may  be  made  by  vigorous  and 
longed  shaking  of  the  oil  in  a  viscous  solution  of  soap,  mucilage, 
Milk  may  be  r^arded  as  a  natural  emulsion  that  separates 
ffy  on  standing,  as  the  fat  rises  to  the  top  to  form  the  cream, 
en  a  little  pancreatic  juice  is  added  to  oil  at  the  body  temperature 
mixture,  after  standing  for  some  time,  will  emulsify  readily  with 
f  Uttle  shaking  or  even  spontaneously.  It  is  now  known*  that 
emulsification  is  due  to  the  formation  of  soaps.  The  lipase  splits 
le  of  the  fats,  and  the  fatty  acid  liberated  combines  with  the 
iline  salts  present  to  form  soaps.  The  emulsification  produced 
ler  these  conditions  is  very  fine  and  quite  permanent,  and  it  was 
nedy  believed  that  the  formation  of  this  emulsion  is  the  main 
ction  of  the  pancreatic  juice  so  far  as  fats  are  concerned.  It  was 
Qg^t  that  in  the  form  of  fine  droplets  the  fat  may  be  taken  up 
ictly  by  the  epithelial  cells  of  the  villi,  and  this  view  was  supported 
tlie  histological  fact  that  during  the  digestion  of  fats  the  epithelial 
8  may  be  shown  to  contain  fine  oil  drops  in  their  interior.  The 
(fency  of  recent  work,  however,  has  been  to  indicate  that  the  fats 
completely  split  into  fatty  acids  and  glycerin  before  absorption, 
1  that  the  emulsification  may  be  regarded,  from  a  physiological 
idpoint,  as  a  mechanical  preparation  for  the  action  of  the  lipase 
ler  than  as  a  direct  preparation  for  the  act  of  absorption.  The 
products  of  the  action  of  the  lipase,  the  glycerin  and  the  fatty 
I,  are  arbsorbed  by  the  epithelium  and  again  combined  to  form 
tral  fat.  It  is  very  probable,  moreover,  that  during  this 
thesis  the  fatty  acids  are  combined  with  the  glycerine  in  such 
portions  as  to  make  for  the  most  part  the  fat  characteristic 
the  animal,  fat  of  a  high  melting-point  in  the  case  of  the 
jp,  for  example,  and  of  a  lower  melting-point  for  the  dog. 
connection  with  this  fact  of  a  synthesis  of  the  split  products 
form  neutral  fat,  the  discovery  by  Kastle  and  Loevenhart 
p.  731)  that  the  action  of  lipase  is  reversible  assumes  much 
ificance.  It  seems  quite  possible  that  the  same  enz3rme  may 
«  both  the  splitting  of  the  fat  and  the  synthesis  of  the  split 
iucts,  not  only  in  the  intestine  during  absorption,  but  in  the 
ous  tissues  during  the  metabolism  or  the  storage  of  fat.  Lipase 
imd  in  the  blood  and  in  many  tissues, — ^muscle,  liver,  mammaiy 
d,t  etc. — and  during  its  nutritive  history  in  the  body  the  fat  may 

*  See  Ratchford,  ** Journal  of  Physiology,"  12,  27,  1891. 

t  See  Loevenhart,  "Amer.  Journal  of  Physiology,"  6,  331,  190^ 
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be  split  and  ^yiithesized  a  number  of  times.     In  this  eoi 
interesting  to  note  that  the  process  of  splitting  does  not  invoh^ 
work.      Ver>'  little  heat  is  liberated  in  the  process,  and  a 
spondiiigly  small  amount  of  enei^gy  is  needed  for  the  s>'ntheBS»* 

The  hpase  as  formed  in  the  pancreas  is  easih'^  destroyed 
by  acids.  For  this  re^ison  pn>bably  it  is  not  found  usually  in 
extracts  of  the  gland  made  by  laboratory  methods.  It  shotild 
added,  also,  that  the  action  of  this  enz^-me  is  aided  ven'  m&t 
by  the  presence  of  bile.  This  latter  secretion  contains  no  fi| 
itself,  but  mLxtures  of  bile  and  pancreatic  juice  split  the  neuttl 
fats  much  more  ra|udly  than  the  pancreatic  juice  alone*  TH 
effect  is  now  explaiiietl  on  the  hypothesis  that  the  bile-ackia  I 
the  bile-acids  and  the  lecithin  cither  activate  a  portion  of  fl 
lipase  which  is  in  the  state  of  a  proferment  or  play  the  pirt  m 
coferment  (page  735).  1 

The   Intestinal   Secretion    (Succus   Entericus),— The  8n4 
intestine  is  lined  with  tubular  glands,  the  crypts  of  lieljerki 
which  in  parts  of  the  intestine  at  least  give  rise  to  a  liquid 
the  ao-called  intestinal  jiiiee.     To  obtain  this  secretion  recoui» 
been  had  to  the  operation  kno\^Ti  as  the  Thiry-Vella  fistula.    In 
operation  a  gi%^en  portion  of  the  intestine  is  separated  from 
remainder  without  injuring  its  lilood- vessels  or  nerves  and  the  M 
ends  are  sutured  into  the  abdominal  walL     In  the  loop  thu8iBoU| 
the  secretions  may  be  collected  and  experiments  may  be  nuMtotM 
the  digestion  and  absorption  of  various  substances.     The  seenewj 
from  these  loops  is  usually  said  to  be  small  in  quantity,  especially^ 
the  jejunum.     Pregl  estimates  that  as  much  as  three  litere  inavw 
formed  in  the  whole  of  the  small  intestine  in  the  course  of  a  dif,! 
this  estimate  does  not  rest  upon  very  satisfacton-  data.    The  Bql 
^ves  an  alkaline  reaction,  owing  to  the  presence  of  sodium  cirbl 
ate.     Experiments  have  shown  that  this  liquid  has  little  or 
digestive  action  except  upon  the  starches,  and  it  may  perhaf* 
doubted  whether  it  is  a  true  secretion.     Extraetfi  of  the  wiUl 
the  small  intestine  or  the  juice  squeezed  from  these  walls  have 
found,  on  the  contrary,  to  contain  four  or  five  different  enjtvTaei  i 
to  exert  a  most  important  influence  upon  intestinal  digestion.  Tb* 
enzymes  belong  probably  to  the  group  of  endo-enz>TTies,  and  arp* 
actually  secreted  into  the  lumen  of  the  intestines.     WTiile  tbi»y 
not,  strictly  speaking,  constituent-s  of  the  intestinal  juice, 
theless  it  is  their  action  on  the  food  which  forms  the  chamct^rt 
contribution  to  the  process  of  digestion  made  by  the  gland*  of 
intestinal  wall.     These  ems jmies  and  their  actions  are  as  follow** 

1.  Etiterokina«ie  (see  p.  777),  an  enzyme  which  in  »ome  WAy  •fti^i*'* 
proteolytic  pnzyrne  of  I  he  panereatic  juice,  by  coovattof  t^y  ^ 
sinogen  to  trypsin. 

•  Consult  Herzog,  "Ztitschrift  f.  phymol.  Chemie/*  37,  385,  IW3, 
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Erefiidn.  't'his  enzyme,  discovered  by  Cohnheim,*  acts  especially  upon 
the  deutero-albimKi'^s  aiul  peptones,  causing  further  hydrolysis. 
Whether  its  splitting  action  upon  the  peptones  is  complete  b*  not 
as  yet  known,  but,  a^  wa«  said  aliove  (p*  7KI),  the  natural  suggegiion 
regarding  this  enzyme  is  that  it  supplements  the  work  l>eguri  by 
the  trypsin. 
3>  Inverting*  enzymes  capable  of  con\'ertiBg  the  dlsaccharids  into  the 
monosacchari(is.  Tlie^*  enzjines  are  three  in  number:  maltase, 
which  acts  upon  maltose  {and  dextrin);  invertase  or  invertin, 
wliich  acts  uymn  caJie-sugar;  ari«i  lactase,  which  acts  upon  lactose. 
Tlie  maltase  acts  upon  the  products  formed  in  the  digestion  of 
starches,  the  maltose  and  dextriii,  converting  them  to  dextrose 
according  to  the  general  formula: 

Maltose.  Dextrofie.         Dextrose. 

Id  the  ^anm  way  invertase  converts  cane-sugar  to  dextrose  and  levu* 
lof<e,  and  lactase  changes  milk-sugar  to  dextrose  and  galactose.  This 
inverting  action  is  necessary  to  prepare  the  carbohvtlrate  food  for 
nutritive  purposes.  Doul)le  s<ugan*  can  not  be  usecl  by  the  tissues 
and  would  escape  iu  the  urine,  but  in  the  form  of  dextrose  or 
dextrose  and  levulose  they  are  readily  used  by  the  tissues  in  their 
normal  metabolic  processes. 

Kuc lease.  Ther^  is  some  evidence  that  this  enzYmc  which  acts  upon 
the  nucleic  acids  is  found  normally  in  the  smafl  intestine  and  that  it 
may  play  a  part  in  the  digestion  of  the  nucleins  of  our  food. 

Lastly [  the  substance  secretin,  which,  as  explained  above,  plays 
such  an  important  role  in  the  control  of  the  secretion  of  the  pun- 
creas,  is  formed  in  the  walls  of  the  small  intestine.  It  is  not  an 
en;c>^ne,  but  a  more  sttihle  and  definite  chemical  snbwtance  which 
is  secreted  or  formed  in  the  intes^ti rial  mucosa  in  a  prelmdnary  form, 

grosecretin,  and  under  the  influence  of  acids  is  changed  to  secretin, 
n  this    latter  form  it  i^    absorlictl,   carried  to  the   pancreas,  and 
cmuses  a  flow  of  pancreatic  secretion. 

L  It  seems  probable  that  the  entire  ph>^iolog>'  of  the  intestinal  Becretion  ia 
tyet  known.  Recent  w^irk  f  showB  that  when  a  closed  loop  of  the  fluodcnum 
^produced  by  ligatures  and  is  left  in  the  abdomen,  the  continuity  of  the 
*  noeiitary  eaoal  being  established  by  agiistro-enterostomy,  the  animal  (dog) 
I  within  a  short  period  with  signs  of  acute  inloxicatiou.  When  the  contents 
I  l[the  lcx>p  are  injected  into  anot  her  animal  they  cause  a  simiUr  fatal  result. 
Therndence  at  hand  indicates  that  th*-  toxic  material  is  formed  by  the  muooea 
*>f  the  duodenum.  Similar  loops  made  at  lower  iHjints  in  the  intestine  do  not 
produce  this  toxic  material  1  hese  results  throw  some  hght  on  the  fatal  effect 
'  ^  high  intesjtinal  obstruction  in  man,  and  from  a  physiological  standpoint 
*ni*y  suggest  the  existence  of  a  peculiarity  in  the  duodenal  mucosa  which  may 
I  prove  to  be  of  importance  in  itj?  normal  activity. 

[Absorption  in  the  Small  Intestine.— Absorption  takes  place 

readily  in  the  small  intestine.     The  general  correctness  of  thia 

-Jient  may  be  sho^Ti  by  the  use  of  isolated  lao|)s  of  the  intestine. 

fSftlt  solutions  of  valuing  strengths  or  even  blood-serum   nearly 

ntical  in  composition  with  the  animals'  own  blood  may  be  ab- 

i^fbeti  completely  from  tliese  loops.    Examination  of  the  contents 


^Cohnhetm,  '^Zeitschrift  f.  phyt^iol.  Chemie,'*  aH,  451,  1901;  also  35,  134 


i 

^Hr^^ee  Whipple,  Stone,  and  Bemheim,   "Journal  of  Exp.  Medicine/*  17, 
^md  307,  1913. 
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of  the  intestine  in  the  duodenimi  aiicl  at  the  iJeoceral  valve  «h 
that  the  products  fonned  in  digestion  Imve  lai^gely  disappeaw 
traversing  this  tlistanee.  All  the  information  that  we  pooed 
dicates,  in  fact,  that  the  ni neons  membrane  of  the  small  i&ta 
absorbs  readily,  and  it  is  one  of  the  problems  of  this  part  of  pbyac 
to  explain  the  means  by  which  this  absorption  is  eCFected.  Anal 
cally  two  paths  are  open  to  the  products  absorbed.  They  may  ^ 
the  blood  iliret^tly  hy  passing  into  the  capillaries  of  the  \ilU^or 
may  enter  the  lac  teals  of  the  viiH»  pass  into  the  hmph  ciretdi 
and  through  the  thoracic  duct  of  the  lymphatic  system  evcoti 
reach  the  blood  vascular  system.  The  older  physiologiste  aam 
that  absor|>tion  tokes  place  exclusively  through  the  central  \wA 
of  the  villi,  aiul  hence  these  vessels  were  de^cri}>ed  as  the  abn 
ents.  We  now  know  tliat  the  digested  and  resynthesizerl  tuM 
absorbed  by  way  of  the  lacteals,  but  that  the  other  producte  4 
gestion  are  absorbed  mainly  throiifrh  the  blood-vessels,  andthcH 
enter  the  portal  system  and  pass  through  the  liver  before 
the  general  circulation.  According  to  observations  made  upon 
tient  with  a  fistula  at  the  end  of  the  small  intestine,*  food  beg! 
pass  into  the  large  intestine  in  from  two  to  five  and  a  quarter  fa 
after  eating,  and  it  recjuires  nine  or  more  hours  K>efore  the  l^ 
joeal  has  {mssed  the  ileocecal  valve;  this  estimate  includes,  of  ca 
the  time  in  the  stomach.  During  this  passage  absorption  d 
digested  products  takes  place  nearly  completely.  In  the  fisiull 
referred  to  aljove  it  was  found  that  85  per  cent,  of  the  protdl 
disappeart^l,  and  similar  facts  are  known  regarding  the  other 
Bttiffs,  The  problems  that  have  excited  the  greatest  interest 
been,  first,  the  exact  form  in  which  the  digested  products  ail 
scjrbed,  and*  second,  the  means  by  which  this  absorption  b  rfF< 
With  regard  to  the  last  question,  much  work  has  been  dcu 
ascertain  whether  the  known  physical  laws  of  diffusion,  osq 
and  imbibition  are  sufficient  to  account  for  the  movemeots  d 
absorted  substances  or  whether  it  is  necessary  to  refer  tha 
part  to  some  unknown  activities  of  the  living  epithelial  cdk 
woidd  seem  that  diffusion  and  osmosis  occur  in  the  intiil 
Concentnited  solutions  of  neutral  salts, — sodium  chlorid,  for  intti 
—if  introduced  into  a  Thir}^-Vella  loop,  cause  a  flow  of  watrr 
the  lumen  in  accordance  with  their  high  osmotic  pressuit*  *oil, 
the  other  hand,  some  of  the  sodium  chlorid  diffuses  into  iht  h 
in  accordance  with  the  law^s  of  diffusion,  it  seems  equsDjT « 
howev'er,  that  absorption  as  it  actually  takes  place  is  notgo^ 
simply  by  the  differences  in  concentration  between  the  fl 
tents  of  the  intestine  and  the  blootl  or  l\Tnph,  but  depends  bn!> 

*  Mapfaik'i'n,    Ncnrki,   hiv]   Sieber,   **Archiv   f.   expminmt.  PrtW* 

Phumiakol,;' 2^  311,  1891, 
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upon  the  properties  of  the  separating  wall  of  living  epithelial  cells. 
Tbmj  the  animars  own  serum,*  possessing  presumably  the  same 
concentration  and  osmotic  pressure  as  the  animal's  blood,  is  ab- 
sorbed completely  from  an  isolated  intestinal  loop.  So  also  it  has 
been  shown  that  in  the  absorption  of  salts  from  the  intestine  f  the 
nudity  of  absorption  stands  in  no  direct  relation  to  the  diflfusion 
velocity.  The  energy  that  eflfects  the  absorption  is  furnished,  there- 
fore, by  the  wall  of  the  intestine,  presumably  by  the  epithelial  cells. 
That  this  particular  form  of  energy  is  connected  with  the  living 
structure  is  shown  by  the  fact  that  when  the  walls  are  injured  by 
the  action  of  sodium  fluorid,  potassium  arsenate,  etc.,  their  absorp- 
tive power  is  diminished  and  absorption  then  follows  the  laws  of 
diffusion  and  osmosis,  t 

Absorption  of  the  Carbohydrates. — Our  carbohydrate  food  is 
•bsorbed,  for  the  most  part,  as  simple  sugars, — monosaccharids. 
As  has  been  said,  there  is  reason  to  believe  that  but  little  sugar  is 
•hsorbed  in  the  stomach.    Cane-sugar  and  milk-sugar  are  inverted 
in  the  snoall  intestine  by  invertase  and  lactase,  the  first  being  con- 
verted to  dextrose  and  levulose,  the  second  to  dextrose  and  galactose. 
Iff  however,  these  substances  are  fed  in  excess  they  are  absorbed  in 
put  without  conversion  to  simple  sugar,  and  in  that  case  may  be 
•Bniinated  in  the  urine.    The  bulk  of  our  carbohydrate  food  is  taken, 
kowever,  in  the  form  of  starch,  and  the  conditions  for  absorption  in 
this  case  are  more  favorable.    The  time  required  for  the  digestion  of 
the  starch  to  maltose  and  dextrin,  and  the  subsequent  inversion  of  4-^ 
tiwse  substances  to  dextrose,  insures  a  slower  and  more  complete    I 
-    absorption.    Five  hundred  grams  or  more  of  starch  may  be  digested 
\     wd  absorbed  in  the  course  of  the  day  and  it  all  reaches  the  blood  in 
the  form  of  dextrose.    This  dextrose  enters  the  portal  vein  and  is 
^    distributed  first  to  the  liver.    In  this  organ  the  excess  of  sugar  is 
■~    ^thdrawn  from  the  blood  and  stored  as  glycogen,  so  that  the  amount 
I     of  sugar  in  the  general  circulation  is  thereby  kept  quite  constant, — 
■kout  0.15  per  cent.    When  a  large  amount  of  carbohydrate  food  is 
;     *ten,  however,  it  is  possible  that  the  liver  may  not  be  able  to  remove 
''te  excess  completely.    In  that  case  the  amount  of  sugar  in  the  gen- 
^  circulation  may  be  increased  above  normal,  giving  a  condition 
^  hyperglycemiaj  and  the  excess  may  be  excreted  in  the  urine, 
ttus  bringing  about  the  condition  known  as  ** alimentary  glyco- 
^^fia,''    The  amount  of  any  carbohydrate  that  can  be  eaten 
^thout  producing  alimentary  glycosuria  is  designated  by  Hof- 
^€i8ter§   as  the   assimilation   limit  of  that   carbohydrate.     If 

^Heidenhain,  "Archiv  f.  die  gesammte  Physiologie,"  56,  579,  1894. 

t  Wallace  and  Cushny,  "Archiv  f.  die  gesammte  Physiologie,"  77,  202, 


t  Cohnheim,  "Zeitschrift  f.  Biologie,"  37,  443,  1899. 
-,       i  Hofmeister,  "Archiv  f.  exper.  Pathol,  u.  Phannakol./'  25,  240,  1889, 
^^  26,  355,  1890. 


788 


PHYSIOLOGY    OF    DIGESTION    AND    SECRETION. 


\ 


taken  beyoml  this  limit  there  is  a  physiological  ea 
sugar  is  lost  in  the  urine.  The  assimilation  limit  varit's  wi 
great  loany  conditions;  but,  s«j  far  as  the  different  forma  ot  ci 
hydrates  are  concerned,  it  is  lowest  for  the  milk-sugar  sud  t 
est  for  starch.  That  starch  may  be  eaten  in  larger  asMI 
than  sugar  without  raising  the  i>ercentage  of  sugar  in  the 
temic  blood  above  the  normal  level  is  in  accord  with 
know  of  the  digestion  of  the  two  forms  of  carbohydrat^c 
trose  requires  no  digestion,  it  is  absorbed  as  such,  wl 
sugar  needs  only  to  be  inverted.  Starch,  on  the  contraryjj 
the  action  of  ptyalin  or  amylase  and  subsequent  in\ 
maltase.  Its  absorption  will,  therefore,  be  much  slower  1 
«f  the  sugars.  In  fact,  it  probably  goes  on  for  the  peric 
or  five  hours,  during  which  an  ordinary  meal  is  making  its*^ 
from  pylorus  to  ileocecal  valve.  During  this  period  the  4 
quantity  of  lilood  in  the  body  is  passed  through  the  meseii 
arteries  over  and  over  again,  and  it  is  probable  that  even  i] 
portal  vein  the  iiuantity  of  sugar  at  any  one  moment  rised 
little  above  the  normal  level,  and  this  small  excess  is  heU 
by  the  liver  cells,  s(»  that  the  systemic  circulation  is  proM 
from  becoming  ii}'pergl>'cemic.  I 

So  far  as  the  carbohydrates  esca|>e  absorption  as  sugar  th^ 
liable  to  undergo  acid  fermeiit^ition  from  the  bacteria  alwsi>*s  pi 
in  the  intestine,  .\s  the  result  of  this  fermentation  there  BM 
pnxluceti  acetic  acid,  lactic  acid,  butyric  acid,  succinic  acid,  ci 
dioxid,  alcohol,  hydrogen,  etc.  This  fermentation  probjibly  c 
to  some  extent  in  the  small  intestines  under  nomml  condi 
Macfadyen,*  in  the  case  alre>ady  referred  to,  found  that  the  oo^ 
of  the  intestine  at  the  ileocecal  valve  contained  acid  eqiuivaM 
that  of  a  0.1  per  cent,  solution  of  acetic  acid*  Under  leas  m 
conditions^  such  as  excess  of  sugars  in  the  diet  or  deficient  ail 
tion,  the  large  production  of  acids  may  lead  to  irritatioii  of  I 
tines ,  — <lia rrheji,  etc . 

Absorption  of  Fats.— Numerous  theories  have 
regard  to  the  mode  of  al>sori>tion  of  fats.  It  has  been  suj 
the  emnlsifieil  (neutral)  fat  is  ingested  directly  by  the  ejMt 
that  the  fat  droplets  enter  between  the  epithelial  cells  in  the! 
cement  substance,  that  the  fat  droplets  are  ingested  by  leufol 
that  lie  between  the  epithelial  colls,  or  lastly  that  the  fat  is  first 
into  fatty  acid  and  glycerin  and  is  absorl>ed  by  the  epithelial  od 
the.se  forms.  The  tendency  of  recent  work  is  to  favor  this  lartl 
During  dige.'stion  the  epithelial  cells  contain  fat  droplets  m 
doubt,  but  it  seems  probable  that  these  droplets  are  fonned  « 
by  a  synthesis  of  the  absorbed  glycerin  and  fatty  acids.  Tbebfl 
♦  Macfudyen»  Xt^nrki.  and  Sieber,  tor,  cU, 


DIGESTION    ANB    ABSORPTION    IN    THE    INTESTINES. 


789 


Hhe  cell  is  said  to  be  fiiee  fmm  fat  globules,— a  fact  whieh  would 
indimte  that  the  neutral  fat  is  not  mecbanically  ingested  as  oil  drops. 
But,  granting;  that  the  fat  is  absorb^?fl  in  solution,  as  fatty  acids  and 
^ycerin,  the  mechanism  of  al:>snrption  remains  unexplained.  It  is 
known  that  the  bile  as  well  as  the  jmncreatic  juice  plays  an  important 
part  in  the  pmcess.  ^Fhe  jmncreatic  juice  furnishes  the  lipase,  the  bile 
furnishes  the  bile  salt«  (glycocholate  and  taurocholat-e  of  sodium) 
which  aid  the  hpase  in  spUtting  the  neutral  fat,  and  moreover  aid 
gTBatly  the  absorption  of  the  split  fats.  This  latter  function  is  due 
probably  to  the  fact  that  the  bile  (bile  salts)  dissolves  the  fatty  acids 
readily*  and  thus  brings  them  into  contact,  in  soluble  fonn,  Tidth  the 
epithelial  cells.  When  the  bile  is  tirained  off  from  the  intestine 
by  a  fistula  of  the  gall-bladder  or  duct,  a  laiige  proportion  of 
tb  fatty  foods  escaj^es  alxsorption  and  appears  in  the  feces.  Direct 
observation  shows  that  the  fat  after  passing  the  epithelial  hn- 
ing  and  entering  the  stroma  of  the  villus  is  taken  up  by  the 
Ijinphatic  vesselSt  the  so-calletl  lacteals.  This  fact  is  beautifiiliy 
demonstrated  by  the  mere  appearance  of  the  lymphatics  of 
the  mesenter>'  after  a  meal  cont-aining  fats.  These  vessels  are 
injected  with  milky  chyle  during  the  period  of  al»sor|>tion  so  that 
their  entire  course  is  revealed.  The  chyle  on  microscopical  exami- 
nation is  found  to  contain  fat  in  the  form  of  an  extremely  fine 
eoiulsion.  In  this  form  it  is  carried  to  the  thoracic  duct  and  thence 
to  the  venous  circulation.  For  hours  after  a  meal  the  blood  contains 
this  chyle  fat.  If  a  specimen  of  blood  is  taken  during  this  time  and 
ccaiiifugalized  in  the  usual  way,  the  chyle  fat  may  be  collected  at 
the  top  in  the  form  of  a  cream.  It  is  an  easy  matter  to  insert  a 
cannula  into  the  thoracic  duct  at  the  point  at  which  it  opens  into  the 
subclavian  and  jugular  veins  and  thus  collect  the  entire  amount  of  fat 
;  absorbed  from  the  intestines  by  way  of  the  lac  teals.  Experiments 
■  of  this  kind  show  that,  after  deducting  the  amount  of  fat  that  escapes 
i  absorption  and  is  lost  in  the  feces,  ^he  amount  that  may  be  recovered 
from  the  thoracic  duct  is  less  than  that  taken  in  the  food.  It  seems 
pmbable,  therefore,  that  some  of  the  fat  is  absorbed  directly  by  the 
blood-vessels  of  the  villi.  The  portion  thus  absorbed  enters  the 
portal  vein  and  pa*=^8es  through  the  liver  before  reaching  the  general 
^circulation.  The  liver  liolds  back  more  or  less  of  the  fat  taking 
ttis  route,  a.s  it  is  found  thaf  during  absorption  the  liver  cells  show 
^n  accumulation  of  fat  droplets  in  their  interior,  f  The  amount  of 
'^t  tiiat  may  be  absorbed  from  the  intestines  varies  with  the 
^ture  of  the  fat.  Experiments  show  that  the  more  fluid  fats,  such 
riive  oil,  are  absorbcnl  more  completely^  that  is,  less  is  lost 
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in  the  feren  tlian  in  the  ease  of  the  more  solid  fats, 
tive  exi>eriments  have  given  such  results  as  the  following 
oil — a})sorpiion,  97.7  i>i?r  cent.;  goose  and  pork  fat,  9^ 
cent. ;  mutton  fat,  IM)  to  92.5  per  cent, ;  spermaceti,  15  p« 
The  amount  of  fat  that  may  be  lost  in  the  feces  varies  al 
other  eonditions.  If,  for  instance,  an  excess  is  taken  v 
foo<i  or  if  the  bile  flow  is  diminished  or  suppressed,  the  per 
in  the  feces  is  increased.  The  usual  amount  of  fat  allow 
maximum  in  dietaries  is  from  100  to  120  gm.  daily. 

Absorption  of  Proteins.^Most  of  the  experimental  i 
record  shows  that  the  digested  proteins  are  absorljed  by  tlw 
vesvsels  of  the  villi,  although  after  excessive  feeding  of  pi 
portion  ma}'  I>e  takeu  up  also  in  the  lymphatics.*  This  a 
belief  rests  upon  two  facts:  Fii^t  (Sehmidt-MuLheini),  if  thel 
duct  (and  right  lymphatic  duct)  is  ligated,  so  as  to  shut  off  t 
phatic  circulation,  an  animal  will  absorb  and  metabolise  tl 
amount  of  protem  as  Is  indicated  by  the  uma  excreted  duiing 
riod.  Second  (Mimk)*  if  a  fistula  of  the  thoracic  duct  isestl 
and  the  total  lymph  tlow  froui  the  intestines  is  col 
the  period  of  absorption  after  a  diet  of  protein,  it  ia  found 
is  no  in(^rease  in  the  quantity  of  tlie  lymph  or  in  its  prot 
The  form  in  which  protein  Is  alisorbed  and  circulates  in  tfa 
is  not  satisfactorily  determined.  Under  normal  condilw 
protein  food  is  digested  by  the  successive  actions  of  pepsin^ 
and  probably  e  reps  in.  During  this  digestion  peptones  and  pi 
are  formed  and  may  l>e  absorbed  as  such,  or  they  may  be 
broken  down  by  tr^'psin  and  erepsin  to  the  amino-h 
tyrosin,  arginin,  etc.,  and  the  intermetliate  compoimc 
peptids  (see  p,  781),  and  be  absorbed  in  the  form 
products.  Some  observers  claim  to  have  found  peptc 
proteoses  as  a  normal  constituent  of  the  blood,  but  thi: 
has  not  been  satisfactorily  estal>lished.  By  the  use  of  im 
chemical  methods  recent  workers  (Folin  and  Denis,  Van  8 
have  made  it  probable  or  certain  that  during  the  digestion 
teins  aminf>acids  are  taken  up  b}^  the  blood  flowing  from  th 
tine.  On  the  other  hand,  amincMiciiis  thus  absorlied  or 
acids  injected  directly  into  the  circulation  disappear  quite  I 
and  the  evidence  indicates  that  they  are  absorbed  from  th 
by  the  tissut^s.  This  newer  work  completes,  therefore^  the  ef 
w^hich  has  been  accimmlating  in  recent  years  in  favor  of  th 
that  the  proteins  of  the  blood  are  broken  down  during  digesl 
their  constituent  amino  bodies,  the  so-called  ''building  sUff 

•  See  Mendel,  ''Anierirun  Journal  of 
t  Folin  and  DenL'*,  "Journul  of  Biolog^c4il 
1012,  and  Van  8lykc,  ibid.,  12,  399,  1912, 
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the  protein  molecule.  The  amino-bodies  are  probably  absorbed 
as  such  and  are  carried  to  the  tissues  where  they  are  stored,  and 
subsequently  are  used  in  the  processes  of  repair  and  growth  and  in 
various  special  metabolisms.  The  production  of  these  bodies  in 
the  intestine  occurs  at  a  relatively  slow  rate.  On  the  other  hand, 
they  are  removed  rapidly  from  the  blood  by  the  tissues.  It  is 
apparent  from  these  considerations  that  the  concentration  of  the 
amino-bodies  in  the  blood  during  digestion  is  not  likely  to  be  great, 
and  we  can  imderstand  that  for  many  years  this  problem  of  the 
fonn  in  which  the  digested  protein  is  absorbed  proved  too  difficult 
for  solution;  in  fact,  could  not  be  solved  until  proper  methods  for 
the  detection  of  the  amino-bodies  had  been  devised.  Examination 
<rf  the  contents  of  the  small  intestine  at  its  junction  with  the  large 
shows  that  imder  normal  conditions  most  of  the  protein  has  been 
*bflorbed  before  reaching  this  point.  The  process  is  continued  in 
the  large  intestine,  modified  somewhat  by  bacterial  action,  and  the 
AQKnmt  that  finally  escapes  absorption  and  appears  in  the  feces 
^'Mies,  in  perfectly  normal  individuals,  with  the  character  of  the 
protein  eaten.  According  to  Munk,"!*  the  easily  digestible  animal 
fcods-fluch  as  milk,  ^gs,  and  meat — are  absorbed  to  the  extent  of 
^  to  99  per  cent.,  while  with  vegetable  foods  the  utilization  is  less 
wmplete.  This  difiference  is  not  due,  however,  to  any  peculiarity 
of  the  vegetable  proteins;  it  is  probably  an  incidental  result  of  the 
PWflence  of  the  indigestible  cellulose  found  in  our  vegetable  foods, 
ft  is  stated  that  from  17  to  30  per  cent,  of  the  protein  may  be  lost 

.    ^  the  feces  if  the  vegetable  food  is  in  such  form  as  not  to  be 
•ttacked  readily  by  the  digestive  secretions. 

Digestion  and  Absorption  in  the  Large  Intestine.— Observa- 
tKRis  upon  the  secretions  of  the  laige  intestine  have  been  made  upon 
Inunan  beings  in  cases  of  anus  prsetematuralis,  in  which  the  lower 

>    portion  of  the  intestine  was  practically  isolated,  and  also  upon 
vwer  animals,  in  which  an  artificial  anus  was  established  at  the 
^  of  the  small  intestine.    These  observations  all  indicate  that 
the  secretion  of  the  large  intestine,  while  it  contains  much  mucus 
^  shows  an  alkaline  reaction,  is  not  characterized  by  the  presence 
of  distinctive  enzymes.    When  the  contents  of  the  small  intestine 
1^  the  valve  they  still  contain  a  certain  amount  of  unabsorbed 
fcod  material.    As  was  stated  in  the  chapter  on  the  movements  of  the 
^testine,  these  contents  remain  a  long  time  in  the  large  intestine, 
•^d  since  they  contain  the  digestive  enzymes  received  in  the  duo- 
y^um  the  digestive  and  absorptive  processes  no  doubt  continue  as 
^  the  small  intestine.   This  general  fact  is  well  illustrated  in  experi- 
ments made  upon  dogs,  most  of  whose  small  intestine  (70  to  83 

tt^  *See  Munk,  "Ergebnisse  der  Physiologie,"  vol.  i.,  part  i.,  1902,  article, 
-^tesorption,"  for  literature  and  discussion. 
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per  cent,)  had  been  removed.*     These  animals  could  digest 
absorb  well,  and  formed  normal  feees^  provided  rare  was  taken 
the  diet.     An  excess  of  fat  or  indigestible  material  ca^ 
and  serious  loss  of  food  material  in  the  feces.   An  interi    -^wd 
in  the  large  inteistine  is  the  oiarked  absorption  of  waterSM 
small  intestine  water  is  absorbed  no  doubt  in  large  quantfll 
its  loss  is  evidently  made  good  by  osmosis  or  secretion  of  wata 
the  intestine,  since  the  contents  at  the  ileocecal  valve  are 
as  fluid  as  at  the  pylorus.     In  the  large  intestine  the  al 
water  is  not  compensated  by  a  secretion;  the  material 
rapidly  while  in  the  ascending  colon,  and  before  it 
descending  colon  it  has  acquired  the  consistency  of  the  feces;. 
alkaline  reaction  of  the  contents  of  the  large  intestine  md 
favorable  enviromnent  for  the  growth  of  bacteria,  particulaii 
putrefactive  bacteria  that  attack  protein  material.     Putrrfl 
is  a  normal  occurrence  in  the  large  intestine,  and  much  tnl 
has  been  showTi  in  its.  ejctent  iuid  its  possible  physioIo(peaI  si 
cance. 

Bacterial  Action  in  the  Small  Intestine. — ^Bac 
stantly  present  in  both  the  large  and  the  small  intesstt 
normal  conditions,  however,  it  would  seem  that  in  the  small 
only  those  bacteria  capable  of  fermenting  carboM^drate  food 
any  distinct  activity.  Putrefactive  fermentation  of  protein  nu 
is  limited  or  absent  in  this  part  of  the  intestine  as  long  as  the  pre 
of  protein  digestion  are  promptly  absorl>ed.  Conditions  tl^aJ 
vent  or  retard  this  absorption  favor  the  orcurrence  of  pi 
putrefaction.  Opinions  among  investigators  differ  as  to 
by  which  the  protein  contents  are  protected  from  the 
bacteria.  It  has  l^een  showTi  that  the  presence  of  ci 
material  has  a  restraining  effect  upon  protein  putrefaci 
simplest  explanation  of  this  relation  is  that  the  fermentatwm 
carbohydrates  gives  rise  to  a  number  of  organic  acids— I 
acetic,  etc. — ^and  these  acids  inhibit  the  action  of  the  protem 
teria.  To  make  thLs  explanation  satiafactorj^  however*  it  is! 
sary  to  show  that  the  contents  of  the  small  intestine  possess  si 
reaction.  Concerning  this  point  opinions  also  differ.  The  seen 
of  the  small  intestine  are  all  alkahne  and  we  should  e: 
contents  to  have  this  reaction.  Examination  shows  thi 
tents  of  the  small  intestine  are  acid  or  not  according  to  the 
used.  With  phenolphthalein  they  may  give  an  acid  reacti 
with  litmus,  lakmoid,  etc.,  no  such  reaction  is  obtained 
result  as  this  indicates  that  no  strong  organic  acids,  such 

♦  Erlanger  iind  Hewlett,  ''American  Journal  of  Pliysiology/'  Q,  1,  In 

t  C'onsult  Macfadyen,  Nencki,  and  Siober,  loc.  eit;  Mooro  «iiil  W 

"Amoricftn  Journal  of  FhvHiolog>%"  3,  316,  1900;   Munk,  *'CeOUilW* 

Phyamlogie/'  10,  33,  and  146.  1902, 
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3tic,  are  present,  the  phenolphthalein  being  affected  possibly 
CO,.  As  Munk  has  stated  it  seems  that  the  contents  of  the 
ntestine  throughout  the  duodenum  and  jejimum  are  at  least 
alkaline,  and  when  carbohydrates  are  used  the  reaction  may 
ly  be  acid  to  phenolphthalein  but  also  to  the  stronger  indica- 
On  the  whole,  therefore,  it  would  seem  probable  that  the 
imount  or  total  lack  of  protein  putrefaction  in  the  small  intes- 
due  in  part  to  the  rapid  absorption  of  the  digested  protein 
part  to  an  unfavorable  reaction.  Some  observers  contend 
iere  is  a  struggle  for  existence  or  antagonism  between  the 
ia  acting  upon  carbohydrates  and  those  living  upon  proteins, 
the  former  have  conditions  favorable  for  growth,  their  increase 
e  way  affects  injuriously  the  protein  bacteria.* 
cterial  Action  in  the  Large  Intestine. — In  the  large  intestine 
I  putrefaction  is  a  constant  and  normal  occurrence.  The 
»n  here  is  stated  to  be  alkaline,  and  whatever  protein  may  have 
d  digestion  and  absorption  is  in  turn  acted  upon  by  the  bac- 
nd  undergoes  so-called  putrefactive  fermentation.  The  split- 
)  of  the  protein  molecule  by  this  process  is  very  complete,  and 
in  some  of  its  products  from  the  results  of  hydrolytic  cleavage 
ied  by  acids  or  by  trypsin.  The  list  of  end-products  of  putre- 
L  is  a  long  one.  Besides  peptones,  proteoses,  ammonia,  and 
rious  amino-acids,  there  may  be  produced  such  substances  as 
skatol,  phenol,  phenylpropionic  and  phenylacetic  acids,  fatty 
carbon  dioxid,  hydrogen,  marsh  gas,  hydrogen  sulphid,  etc. 
of  these  products  are  given  off  in  the  feces,  while  others  are 
ed  in  part  and  excreted  subsequently  in  the  urine.  In  thid 
connection  especial  interest  attaches  to  the.phenol,  indol,  and 
Phenol  or  carbolic  acid,  C^H^OH,  after  absorption  is  com- 
with  sulphuric  acid,  to  form  an  ethereal  sulphate  (conjugated 
te)  or  phenolsulphonic  acid,  C^HjOSOjOH,  and  in  this  form 
id  in  the  urine.  So  also  with  cresol.  The  indol,  CgH^N,  and 
(methyl-indol),  CpH^N,  are  also  absorbed,  undergo  oxidation  to 
1  and  skatoxyl,  and  are  then  combined  or  conjugated  with 
ric  acid,  like  the  phenol,  and  in  this  form  are  found  in  the  urine 
.NOSOjOH,  or  indoxyl-sulphuric  acid,  and  C^HgNOSOjOH, 
yl-sulphuric  acid.  These  bodies  have  long  been  known  to 
n  the  urine,  and  the  proof  that  they  arise  primarily  from  putre- 
.  of  protein  material  in  the  large  intestine  is  so  conclusive  as 
admit  of  any  doubt.  The  amount  to  which  they  occur  in 
ne  is,  therefore,  an  indication  of  the  extent  of  the  putrefaction 
large  intestine. 

the  Putrefactive  Process  of  Physiological  Importance? — 
lizing  that  fermentation  by  means  of  bacteria  is  a  normal 
mce  in  the  gastro-intestinai  canal,  the  question  has  arisen 

♦  See  Bienstock,  "  Archiv  I  Hygiene,"  39,  390,  1901. 
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whether  this  prucesp  h  In  any  wa\'  necessary'  to  norituil  dig^ion  uA 
nutntion.    It  is  well  known  that  excessive  bacterial  action  may  W 
to  intestinal  troubles,  such  as  diarrhea,  or  to  more  serious  interfemjei 
with  general  nutrition  owing  U}  the  formation  of  toxins*    It  ^ 
however,  possible  tliat  some  amount  of  liacterial  action  may 
necessary  for  completely  normal  digestion.     As  a  special  case  it 
been  yxjinted  out  that  the  gaatro-intestinal  tract  is  not  pro\id6d 
enzymes  capable  of  acting  yjx>n  cellulose,  a  material  tiiat  forms 
an  imiwrtaot  constituent  of  vegetable  foods.     Bacteria,  on  theolhf 
hand,  may  hydrolyze  the  cellulose  and  render  it  useful  in  nutritiaD. 
Leaving  aside  this  special  case,  the  question  aa  to  the  neceaatj  d 
bacterial  action  has  been  inve.stigated  direc^tly  by  attemptixis  to 
rear  young  animals  under  i>erfectly  sterile  conditions.     Xuttall  ind 
Thierf elder*  re|xjrt  some  ver}^  interesting  experiments  upon  gui&0 
pigs  in  wliich  the  young  aninials  from  birth  were  kept  sterile  and  W 
with  perfectly  sterile  food.    They  found  that  the  animals  lived  ud 
increaseil  in  w^eight,  and  concluded  therefore  that  the  intMhd 
bacteria  are  not  necessar}'  to  normal  nutrition,     ^Fhis  concluaon  ft 
supported  by  the  observ^ations  of  I^vin.f  who  finds  that  animaliifi 
the  Arctic  regions  in  many  cases  have  no  bacteria  in  their  intestintt 
SchotteliusJ  reports  contrary-  results  upon  chickens.     Whea  ^ 
sterile  they  lost  steadih^  in  weight  and  showed  normal  growth  nfll)' 
w^hen  supplied  with  food  containing  bacteria.     The  idea  that  tbf 
relations  between  the  l>acteria  and  the  animal  that  harbors  them 
constitutes  a  kind  of  symbiosis  in  which  each  derives  a  bew^ 
from  the  other  has  certainly  not  been  demonstrated.    The  cod- 
trur\'  view,  that  bacterial  putrefaction  Is  the  occasion  for  constat 
danger  to  the  huiium  organism,  has  been  stated  in  extreme  fflHB, 
perhaps,  by  Metchnikoff,     Accord hig  to  this  author  the  consJJirt 
production  and  absorption  of  bacterial  toxins  from  the  intestine* 
one  of  the  important  causes  of  a  ln8s  of  resistance  on  the  part*^ 
the  body  to  the  changes  which  bring  on  senescence  and  d^^^ 
At  present  it  seems  wuse  to  take  the  conservative  view  that  whk 
the  i>resence  of  the  bacteria  confei^s  no  positive  benefit,  the  orp*"* 
ism  has  adaptetl  itself  untler  usual  conditions  to  neuindiae  th* 
injurious  action. 

Composition  of  the  Feces. — The  feces  differ  widely  m  «w 
and  in  composition  w^ith  the  character  of  the  food,     Upou  a 
composed  exclusively  of  meats,  they  are  small  in  amount  and 
in  color;  with  an  ordinary  mixed  diet  the  amount  is  incrcaaDd: 
it  is  largest  w^ith  an  exclusively  vegetable  diet,  especially  witli 
tables    containing    a    large    amount    of   ceDulose.     The  a^ 

♦Nut tall   ami  ThttTfclder,    **Zeit»chrift   f.   phjsioL  ChtOlie,'*  II 
1895;  22,  (V_\  1896;  2'A,  2;il,  18117. 

t  "Skiindinavi»ches  Arcliiv  f.  Physiologie, "  16.  249,  19CH- 
t  •^\^chiv  f.  Hygiene/'  42,  48,  1902. 
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reight  of  the  feces  in  twenty-four  hours  upon  a  mixed  diet  is 
^ven  as  170  gms.,  while  with  a  vegetable  diet  it  may  amount  to  as 
mich  as  400  or  500  gms.  The  quantitative  composition,  therefore, 
varies  greatly  with  the  diet.  Qualitatively,  we  find  in  the  feces 
the  following  things:  (1)  Indigestible  material,  such  as  ligaments  of 
meat  or  cellulose  from  vegetables.  (2)  Undigested  material,  such  as 
bagments  of  meat,  starch,  or  fats  which  have  in  some  way  escaped 
digestion.  Naturally,  the  quantity  of  this  material  present  is  slight 
under  normal  conditions.  Some  fats,  however,  are  almost  always 
found  in  feces,  either  as  neutral  fats  or  as  fatty  acids,  and  to  a  small 
stent  as  calcimn  or  magnesium  soaps.  The  quantity  of  fat  found  is 
mcieased  by  an  increase  of  the  fats  in  the  food  or  by  a  deficient 
aecretion  of  bile.  (3)  Products  of  the  intestinal  secretions.  Evi- 
dence has  accumulated  in  recent  years*  to  show  that  the  feces  in 
nuA  on  an  average  diet  are  composed  in  part  of  the  imabeorbed 
inaterial  of  the  intestinal  secretion.  The  nitrogen  of  the  feces,  for- 
luerly  supposed  to  represent  only  undigested  food,  seems  rather  to 
kave  its  origin  largely  in  these  secretions,  together  with  the  cellular 
*hri8  thrown  off  from  the  walls  of  the  intestines.  (4)  Products  of 
bacterial  decomposition.  The  most  characteristic  of  these  products 
Weindol  and  skatol.  They  are  crystalline  bodies  possessing  a  dis- 
agreeable, fecal  odor;  this  is  especially  true  of  skatol,  to  which 
the  odor  of  the  feces  is  mainly  due.  (5)  Cholesterin,  or  a  deriva- 
tive, which  is  found  always  in  small  amounts,  and  is  probably 
derived  from  the  bile.  (6)  Some  of  the  purin  bases,  especially 
juanin  and  adenin.  (7)  Mucus  and  epithelial  cells  thrown  off 
from  the  intestinal  wall.  (8)  Pigment.  In  addition  to  the  color 
due  to  the  undigested  food  or  to  the  metallic  compounds  contained 
01  it,  there  is  normally  present  in  the  feces  a  pigment,  urobilin  or 
8tercobilin,  derived  from  the  pigments  (bilirubin)  of  the  bile, 
probilin  is  formed  from  the  bilirubin  by  reduction  in  the  large 
^testine.  (9)  Inorganic  salts — salts  of  sodium,  potassium, 
calcium,  magnesium,  and  iron,  but  chiefly  the  last  three  together 
•fth  phosphoric  acid.  The  significance  of  the  calcium  and  iron 
^ts  will  be  referred  to  in  a  subsequent  chapter,  when  speaking 
^  their  nutritive  importance.  (10)  Micro-organisms.  Great 
l^tities  of  bacteria  of  different  kinds  are  found  in  the  feces. 

In  addition  to  the  feces,  there  is  found  often  in  the  large 
^testine  a  quantity  of  gas  that  may  also  be  eliminated  through 
ue  rectum.  This  gas  varies  in  composition.  The  following 
Hbstances  have  been  found  at  one  time  or  another:  CH4,  COj, 
[*  N,  HjS.  They  arise  mainly  from  the  bacterial  fermentation 
the  proteins,  although  some  of  the  N  may  be  derived  from  air 
^allowed  with  the  food. 

♦Prausnitz,  "Zeitschrift  f.  Biologie,"  35,  335,  1897;  and  Tsuboi,  ibid., 
eg. 


CHAPTER  XLIV. 
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The  liver  plays  an  iinportiint  part  in  the  general  nutrition  of  til  I 
body.    Its  fuiictians  are  manifold,  but  in  the  long  nin  the}'  ( 
upon  the  properties  of  the  liver  cell,  which  constitutes  the  anfttoQUdi^ 
and  physiological  unit  of  the  oi^an.    These  oella  are  aoaiun^ 
unifonn  in  structure  throughout  the  whole  substance  of  the  liver,  W 
to  understand  clearly  the  different  functions  they  fulfill  one  tiM 
h&ve  a  clear  idea  of  their  anatomical  relations  to  one  another  ud 
t«  the  blood-veasels,  the  lymphatics,  and  the  bUe-ducts,    The  hieHfll' 
og>'^  of  the  hver  lobule,  and  the  relationship  of  the  portal  vdn.  tii 
hepatic  arter>',  and  the  bile-duct  to  the  lobule,  must  be  obtaiiiedfntt 
the  text-ljooks  upon  liistolog>'  and  anatomy.     It  is  suffieieDt  bm*» 
recall  the  fact  that  each  lobule  is  supplied  with  blood  coming  iii  pil^  j 
from  the  portal  vein  and  in  part  from  the  hepatic  a^t'er3^    The  I 
from  the  former  source  contains  the  soluble  products  absoibed  1 
the  alimentar}^  canal,  .such  as  sugar  and  protein,  and  these  afaniM 
products  are  submitted  to  the  metabolic  acti%ity  of  the  liver  eA , 
before  reaching  the  general  circulation.    The  hepatic  artery^  bring?  t^i 
the  liver  cells  the  arterializetl  lilood  sent  out  to  the  systemic  < 
lation  from  the  left  ventricle.     In  addition,  each  lobule  givw  i 
to  the  bile  capillaries  which  arise  between  the  separate  oella  audi 
carr>'  off  the  bile  formed  within  the  cells.     In  accordance  with  1 
factSj  the  physiology  of  the  liver  cell  falls  naturally  into  two  paita - 
one  treating  of  the  formation,  composition,  and  phv^siological  a^ 
cance  of  bile,  and  the  other  dealing  with  the  metabolic  changes  ^ 
duced  in  the  mixed  blood  of  the  portal  vein  and  the  hepatic  aror' 
as  it  ilows  through  the  lobules.     In  this  latter  division  the  naitj 
phenomena  to  be  studied  are  the  formation  of  urea  and  tbef(ifio*| 
tion  and  significance  of  glycogen,  but  it  cannot  be  doubted  t 
tlie  liver  possesses  other  important  Uietabolic  functions  whi 
at  present  are  only  guessed  at  or  imperfectly  understood.    Such/* 
example,  as  its  relations  to  the  production  of  fibrinogen  awl* 
ant i  thrombin,  which  have  been  referred  to  in  the  section  onBto 

Bile, — From  a  fjh>'siological  standpoint,  bile  is  partly  ; 
tion  earrving  off  certain  waste  pnxlucts,  and  partly  a  digesttv 
tion  playing  an  important  role  in  the  absorption  of  fats,  and  ] 
in  other  ways.  Bile  is  a  continuous  secretion,  but  in  animab  | 
ing  a  gall-bladder  its  ejection  into  the  duodenum  is  int< 
Bile  is  easily  obtained  from  li\ing  animals  by  establishiog  i 
of  the  bile-duct  or,  as  seems  preferable,  of  the  gall- 
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ktter  operation  has  been  performed  a  number  of  times  on  human 
eings.  In  some  cases  the  entire  supply  of  bile  has  been  diverted  in 
tu8  way  to  the  exterior,  and  it  is  an  interesting  physiological  fact 
ihat  such  patients  may  continue  to  enjoy  fair  health,  showing  that, 
ivfaatever  part  the  bile  takes  normally  in  digestion  and  absorption, 
its  passage  into  the  intestine  is  not  absolutely  necessary  to  the  nu- 
trition of  the  body.  The  quantity  of  bile  secreted  during  the  day 
has  been  estimated  for  human  beings  of  average  weight  (43  to  73 
kgms.)  as  varying  between  500  and  800  c.c.  This  estimate  is  based 
vpxa  observations  on  cases  of  biliary  fistula.'*'  Chemical  analyses 
of  the  bile  show  that,  in  addition  to  the  water  and  salts,  it  contains 
faik  pigments,  bile  acids,  cholesterin,  lecithin,  neutral  fats  and  soaps, 
tom^ames  a  trace  of  urea,  and  a  mucilaginous  nucleo-albunfiin  for- 
meriy  designated  improperly  as  mucin.  The  last-mentioned  sub- 
MiDce  is  not  formed  in  the  Uver  cells,  but  is  added  to  the  bile  by  the 
nnooas  membrane  of  the  bile-ducts  and  gall-bladder.  The  quantity 
of  these  substances  present  in  the  bile  varies  in  different  animals 
■nd  under  different  conditions.  As  an  illustration  of  their  relative 
importance  in  human  bile  and  of  the  limits  of  variation,  the  two 
hDowing  analyses  by  Hammarstenf  may  be  quoted: 

I.  IL 

Solids 2.620  2.840 

Water 97.480  97.160 

Mucin  and  pigment 0.529  0.910 

Bile  salts 0.931  0.814 

Taurocholate 0.3034  0.053 

Glycocholate 0.6276  0.761 

FMy  acids  from  soap 0.1230  0.024 

Cholesterin 0.0630  0.096 

y^^^^} 0.0220  0.1286 

Soluble  salts 0.8070  0.8051 

Insoluble  salts 0.0250  0.0411 

The  color  of  bile  varies  in  different  animals  according  to  the  pre- 
3Qoderance  of  one  or  the  other  of  the  main  bile  pigments,  bilirubin 
W  biliverdin.  The  bile  of  carnivorous  animals  has  usually  a 
Bpkfen  color,  owing  to  the  presence  of  bilirubin,  while  that  of  the  her- 
J'^'Ora  is  a  bright  green  from  the  biliverdin.  The  color  of  human  bile 
•ans  to  vary:  according  to  some  authorities,  it  is  yellow  or  golden 
^w,  and  this  seems  especially  true  of  the  bile  as  found  in  the  gall- 
•jldder  of  the  cadaver;  according  to  others,  it  is  of  a  dark-olive  color 
'fth  the  greenish  tint  predominating.  Its  reaction  is  feebly  alkaline, 
^  its  specific  gravity  varies  in  human  bile  from  1.050  or  1.040  to 
*10.    Human  bile  does  not  give  a  distinctive  absorption  spectrum, 

'^Copeman  and  Winston,  "Journal  of  Physiology,*'  10,  213,  1889;  Rob- 
}•  "Proceedings  of  the  Royal  Society,"  London,  47,  499,  1890;  PfafiF  and 
kh,  "Journal  of  Experimental  Medicine,"  2,  49,  1897. 

t  Reported  in  "Centralblatt  f.  Physiologic,"  1894,  No.  8.  For  other 
Uysee  consult  Rosenbloom,  "Journal  of  Biological  Chemistry,"  14, 241, 1913. 
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but  the  hile  of  some  herl>ivora,  after  exjxjsure  t^  the  air  all 
gives  a  characteristic  spectriiin. 

Bile  Pipwents* — Bile,  according  to  the  ainmal  frtnu  whichiti  1 
obtained,  contains  one  or  the  other,  or  a  mixture,  of  thetwj 
pigments,  bilirubin  and  biliverdin.  Indeed,  it  is  probable  tbUi 
ill  some  animals  at  least  still  other  pigment-s,  such  as  urt>biar| 
may  be  present  in  the  I  rile,  together  with  the  bilirubin  or  biliverdiiwl 
Biliverdin  is  supposed  to  stand  to  bilirubin  in  the  relation  ofifl 
oxidation  product.  Bilirubin  is  given  the  formula  C^^Hj,N/V 
and  l)iliverdin,  C^jHigN^O^,  the  latter  being  prepared  readily  fr-ni 
the  former  by  oxidation.  These  pigments  give  a  characterfek 
react  ion,  known  as  ''Gmelin's  reaction,"  with  nitric  acid  caJJ- 
taining  some  nitrous  acid  (nitric  acid  with  a  yellow  colat).  If 
a  drop  of  l>ile  and  a  drop  of  nitric  acid  are  brought  into  tm- 
tact,  the  former  undergoes  a  succession  of  color  cbangies^  ^ 
order  lieing  green,  blue,  violet,  red,  and  retldlsh  yellow.  TlepiiJ 
of  colors  is  due  to  successive  oxidations  of  the  bile  pigments;  stiM 
with  bilinibin,  the  fiiist  stage  (greeo)  is  due  to  the  formation  of  bit' 
venrlin.  The  pigments  fonned  in  some  of  the  other  stages  have  b<*3 
isolated  and  nameti.  The  inaction  is  ver>^  delicate,  and  it  is  oTO^ 
usetl  to  detect  the  presence  of  bile  pigments  in  other  liquids— iinoe. 
for  example.  The  l>ile  pigments  originate  from  hemoglobin.  T^ 
origin  was  firet  indicated  by  the  fact  that  in  old  blood  dot«ar'fl 
extravasations  there  was  found  a  cr>'stalline  product,  the  stHilW 
"hematoidin/'  which  was  undoubtedly  derivetl  from  hemogWtt* 
and  which  upon  more  careful  examination  was  proved  to  l>e  idflrtio^ 
with  bilinibin.  This  origin,  which  has  since  been  made  probuljlf^ 
other  reactions,  is  now  universally  accepted.  It  is  supf«sei  ^^^ 
when  the  blood-corpuscles  tlisintegrate  the  hemoglobin  is  bsaa^^ 
the  liver,  and  tliere,  under  the  influence  of  the  liver  cells,  isconflBrtBl 
to  an  iron-free  compound,  bilirubin  or  biliverdin.  The  bilW* 
is  formed  from  tlie  Ijenuitin  oi  the  hemoglobin  by  a  procc^  wW** 
involves  the  splitting  off  of  its  iron.  It  is  ver>'  significant  tbi 
the  iron  sepai'atetl  l>y  this  means  from  the  hematin  is,  ft>r  ihe  J 
part,  retained  in  the  liver,  a  small  portion  only  being  secrft«dl 
the  bile.  It  seems  probable  that  the  iron  held  bitck  in  thelitis  J 
agjiin  used  in  some  way  to  make  new  hemoglobin  in  tliej 
topoietic  organs.  Since  the  henuitni  cunstitut^s  only  4  ; 
of  the  hemoglobin  molecule,  it  is  evident  that  in  the  prwlti 
of  the  bilirubin  a  consitlerable  amount  of  globiii  must  l«e  foJ 
also,  but  nothing  is  known  of  the  fate  of  this  portion  of  ihel 
globin  molecule.  Qiuintitative  data,  in  fact,  are  conspii 
lacking  in  regard  to  the  amount  of  bile  pigment  secret***^ 
Owing  to  the  lack  of  a  satisfactory  method  of  estimatii 
substance,  its  percentage  in  the  bile,  as  given  by  different  i 
varies   greatly,  from  .04  per  cent,  to  0.25  per  eeat.    The  I 
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gments  are  carried  in  the  bile  to  the  duodenum  and  are  mixed 
ith  the  food  in  its  long  passage  through  the  intestine.  Under 
ormal  conditions  neither  bilirubin  nor  biliverdin  occurs  in  the 
sees,  but  in  their  place  is  found  a  reduction  product,  urobilin 
r  stercobilin,  formed  in  the  large  intestine.  Moreover,  it  is 
dieved  that  some  of  the  bile  pigment  is  reabsorbed  as  it  passes 
iong  the  intestine,  is  carried  to  the  liver  in  the  portal  blood,  and 
B  again  eliminated.  That  this  action  occurs,  or  may  occur,  has 
»cn  made  probable  by  experiments  of  Wertheimer*  on  dogs.  It 
happens  that  sheep's  bile  contains  a  pigment  (cholohematin)  that 
5ive8  a  characteristic  spectrum.  If  some  of  this  pigment  is  injected 
nto  the  mesenteric  veins  of  a  dog  it  is  eliminated  while  passing 
ihrougb  the  liver,  and  can  be  recognized  unchanged  in  the  bile. 
IIk  value  of  this  "circulation  of  the  bile,"  so  far  as  the  pigments  are 
niieemed,  is  not  apparent. 

Bile  Acids. — "  Bile  acidis"  is  the  name  given  to  two  oi^anic  acids, 
ineoeholic  and  tanrochdic,  which  are  always  present  in  bile,  and, 
indeed,  form  very  important  constituents  of  that  secretion;  they 
Mcor  in  the  form  of  their  respective  sodium  salts.  In  human  bile 
io(h  acids  are  usually  found,  but  the  proportion  of  taurocholate 
•  vaiiable,  and  in  some  cases  it  may  be  absent  altogether. 
InKmg  herbivora  the  glycocholate  predominates,  as  a  rule,  although 
tee  are  some  exceptions;  among  the  camivora,  on  the  other  hand, 
tenocholate  occurs  usually  in  greater  quantities,  and  in  the  dog's 
de  it  is  present  alone.  Glycocholic  acid  has  the  formula  C2«H4jNO,, 
ttd  taurocholic  acid  the  formula  C2«H45NS07.  Each  of  them  can 
38  obtained  in  the  form  of  crystals.  When  boiled  with  acids  or  alka- 
h  these  acids  take  up  water  and  undergo  hydroly tic  cleavage,  the 
Metkm  being  represented  by  the  following  equations: 

C»H^NO,    +     H,0  =  C^H^Op     +     CH.(NH^COOH. 
Glyeochouo  add.  Cholic  aad.    GlyooooU  (amino-aoetio-aoid). 

CH^NSOy  4-  H,0  =  C^H^O,  +  C,H,NH^O,OH 

Taurocholic  aad.  Cholic  acia.       Taurin  (araiao-«thyl- 

Bulpbonio  acid). 

Btte  reactions  are  interesting  not  only  in  that  they  throw  light  on 
^structure  of  the  acids,  but  also  because  similar  reactions  doubtless 
^  place  in  the  intestine,  cholic  acid  having  been  detected  in  the 
Bteetinal  contents.  As  the  formulas  show,  cholic  acid  is  formed  in 
ke  decomposition  of  each  acid,  and  we  may  regard  the  bile  acids  as 
Impounds  produced  by  the  synthetic  union  of  cholic  acid  with 
ycin  in  the  one  case  and  with  taurin  in  the  other.  Cholic  acid 
its  compounds,  the  bile-acids,  are  usually  detected  in  suspected 
lUids  by  the  well-known  Pettenkofer  reaction.  As  usually  per- 
itned,  the  test  is  made  by  adding  to  the  liquid  a  few  drops  of  a  10 
*  "Archives  de  physiologie  normale  et  pathologique,"  1892,  p.  577. 
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per  cent*  solution  of  cane-sugar  and  then  strong  sulphuric  acid. 
latter  jiuLst  be  addecl  carefully  and  the  temperature  be  kept  1 
70°  C,     If  bile  acids  are  present,  the  liquid  aasiimes  a 
color.    It  is  now  known  that  the  reaction  consists  in  the  fa 
of  a  substance  (furfurol)  by  the  action  of  the  acid  on  ; 
then  reacts  with  the  bile  acids.    I'he  bile  acids  are  for 
in  the  liver  cells.    This  fact,  which  was  for  a  long  time  the  i 
discussion,  has  been  demonstrated  in  recent  years  by  an  J 
series  of  researches  made  ujwn  birds.     It  has  been  sho^-n  i 
bile-duct  is  ligated  in  these  animals,  the  bile  formed  is  reabeoihed  j 
bile  acids  and  pigments  may  be  detected  in  the  urine  and  the  1 
If,  however,  the  liver  is  completely  extirpated,  then  no  trace  off 
bile  acids  or  bile  pigments  can  be  found  in  the  blood  or  the  t 
showing  that  these  substances  are  not  formed  elsewhere  in  the  1 
than  in  tfie  liver.     It  is  more  difficult  to  ascertain  from  what  i 
stances  they  are  formed.    The  fact  that  glycocoll  and  tauriiK 
tain  nitrogen,  and  that  the  latter  contains  sulphur,  indicAleel 
some  protein  constituent  is  broken  down  during  their  produ 

From  the  stand jwint  of  nutrition  the  laurocholate  Lb  iDterestlngM| 
one  of  the  fornm  in  which  the  sulphur  of  protein  material  b  elixnin«l4d 
light  has  been  thrown  upon  the  origrin  of  taurin  by  the  tlisc r- —  c_^i^., 
that  it  may  be  formm  from  cyatin.  This  bitter  body,  ' 
reduction  product  cystt'in,  i^^  known  to  twcur  as  one  of  the  li.  .  , .  , 
aeid  bydrolysifl  of  prot^'ins,  antl  it  \s  (jrobablc  that  it  oc^cur?  alsw  in  thr  ^r^ 
er(*pHm  hydrolysis  m  the  small  inti'«tinc%  representing  the  end-produc!  in  *»* 
the  aulpiiur  of  the  protein  molecule  is  found.  Cystin  may  be  o^udild  *» 
cysteinie  acid  (C(JOHC,HjNHjSO,OH)  and  from  this  taurin  {C^n^U^OfiS!> 
may  he  obtmned.  It  is  probable,  therefore,  that  the  tauriii  is  formed  fi** 
mally  from  eystin  in  the  body  and  that  the  latter  represents  on^  oiihtt^ 
product s  of  protein. t  Some  of  the  sulphur  of  the  cystin  appe^  il«»* 
urin<*  in  oxidized  form  as  sulphate.  Under  certain  pathologicd  eonio*^ 
theeystin  itself  appears  in  the  urine,  giving  the  phenomenon  of  cyrtinam. 

A  circimistance  of  considerable  physiological  significiLDce  is  ^ 
these  acids  or  their  decora {msition  products  are  abeorbed  in  pftilft* 
the  intestine  and  are  again  secreted  by  the  liver;  ad  in  the  caeeoftl* 
pigments,  there  is  an  intctstinal-hepatic  circulatiou.  The  value  of d* 
reabsorption  may  he  in  the  fact  that  the  bile  acids  constitute*^ 
efficient  stimulus  to  the  biJe-secrc*ting  activity  of  the  cells,  beinif* 
of  the  best  of  cholagogues,  or  it  may  \ye  that  it  economijes  naW^ 
From  what  we  know  of  the  historv  of  the  biJe  acids  it  Is  e^Tdeol**^ 
they  are  not  to  be  coiLsidered  solely  as  excreta:  they  hiiit 
uiipjjrtant  function  to  fulfill ,  The  lolbwing  suggestions  ai  to 
value  have  been  made:  In  the  first  place,  they  ser\'e  as  a 
for  tlissolving  the  cholesterin  which  is  constantly  present  in^^ 
and  which  is  an  excretion  to  be  removed;  sec^ondly,  they  fiiHW 
gredtly  the  splitting  and  the  absorption  of  faU  in  the  intestine  ** 

♦Frie<lmann,  "  HofmeiBt^r^H  Beitrilge/'  3,  1,  1902. 

t  See  Simon,  *' Johns  Hopkins  Hospital  Bulletin/'  15,  365,  iWi 
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an  undoubted  fact  that  when  bile  is  shut  off  from  the  intestine  the 
Morption  of  fats  is  very  much  diminished,  and  it  has  been  shown 
lat  this  action  of  the  bile  in  fat  absorption  is  due  chiefly  to  the 
reseace  of  the  bile-acids,  and  in  the  same  way  the  known  acti- 
ating  influence  of  bile  upon  the  activity  of  pancreatic  lipase  has 
een  traced  to  the  bile-acids.  The  bile-acids,  the  taurocholate,  at 
»8t,  possess  the  property  of  precipitating  proteins  in  acid  solu- 
bns.  This  property  probably  explains  the  fact  that  the  acid 
hyme  as  it  passes  into  the  duodenum  is  precipitated  by  coming 
ito  contact  with  the  bile,  a  fact  which  has  long  been  known, 
Ithough  its  physiological  signiflcance  is  not  clear. 

Cholesterin  or  Cholesterol. — Cholesterin  is  a  non-nitrogenous 
obfitance  of  the  formula  C27H4QO.  (See  p.  77.)  It  is  a  constant 
ODStituent  of  the  bile,  although  it  occurs  in  variable  quantities. 
Mesterin  is  very  widely  distributed  in  the  body,  being  found 
specially  in  the  white  matter  (medullary  substance)  of  nerve- 
I)ef8.  It  seems,  moreover,  to  be  a  constant  constituent  of  all 
nimal  and  plant  cells.  It  is  assumed  that  cholesterin  is  not 
Jnned  in  the  liver,  but  that  it  is  eliminated  by  the  liver  cells 
com  the  blood,  which  collects  it  from  the  various  tissues  of 
be  body.  This  is  at  least  a  possible  explanation  of  its  occur* 
ence  in  the  bile,  for  it  seems  certain  that  the  cholesterin  is  a 
Miatant  constituent  of  the  blood,  either  as  such  or  in  the  form 
i  an  ester.  Some  authors  suggest,  however,  that  in  the  disso- 
ition  of  red  corpuscles  that  takes  place  in  the  liver  the  cho- 
«terin  liberated  from  the  stroma  of  the  corpuscles  forms  the 
Wee  of  the  cholesterin  found  in  the  bile.  That  it  is  an  excretion 
t  indicated  by  the  fact  that  it  is  eliminated  in  the  feces,  but  here 
sain  the  opposite  view  has  been  suggested  that  the  cholesterin  is 
I  part  at  least  reabsorbed  and  used  again  in  the  formation  of 
Bw  tissue.*  Cholesterin  is  insoluble  in  water  or  in  dilute  saline 
(juids,  and  is  held  in  solution  in  the  bile  by  means  of  the  bile-acids. 
W)vi8ionally  we  may  regard  it,  so  far  as  its  occurrence  in  the  bile  is 
Jncemed,  as  a  waste  product  of  cellular  disintegration  which  is 
inunated  in  the  feces.  It  is  excreted  also  through  the  skin,  in 
ie  sebaceous  and  sweat  secretions,  and  in  the  milk. 

Ledthin,  Fats,  and  Nucleo-albumin. — Lecithm,  C44H00- 
P0„  is  a  compound  of  glycerophosphoric  acid  with  fatty  acid 
dicals  (stearic,  oleic,  or  palmitic)  and  a  nitrogenous  base,  cholin 
3e  p.  77).  When  hydrolyzed  by  boiling  with  alkali  it  splits 
►  mto  these  three  substances.     It  is  found  generally  as  such, 

in  combination,  in  all  cells,  and  evidently  plays  some  as  yet 
tknown  part  in  cell  metabolism.  It  occurs  in  largest  quantity 
the  white  matter  of  the  nervous  system.     In  the  liver  it  occurs 

a  considerable  extent  both  as  lecithin  and  in  a  more  complex 
*See  Gardner  and  cso-workere,  '*  Proc.  Roy.  Soc.,*'  B,  vols.  81  and  82, 1910. 
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eoinbination  with  a  carbohydrate  residue,  a  compound  dm 
as  jecorin.  So  far  as  it  is  found  in  the  bile,  it  repre^ntsp 
a  wai^tti  pro<Jut't  deprived  from  the  liver  or  from  the  body  a 
Little  !S  known  of  its  preeise  physiological  significance.  Ad 
to  Hewlett  and  others  it  may  serve  to  activate  the  lipase 
pancreatic  stK-retion. 

The  s][jecial  importance,  if  any,  of  the  small  pmportioii 
and  fatty  avkia  in  the  bile  is  imknown.  The  ropy,  muci] 
character  of  bile  is  due  to  the  presence  of  a  bod>"  formed  in  I 
ducts  and  gall-bladder.  This  substance  was  formerly  del 
as  mucin,  but  it  is  now  known  that  in  ox  bile  at  least  it  ia  lie 
mucin,  but  a  nucleo-albumin  (see  appendix),  Hammarstm 
that  in  human  liile  sfjine  true  mucin  is  found.  Outside  the  fi 
it  makes  the  liile  viscous,  this  constituent  is  not  known  to  poa 
especial  physiological  significance. 

The  Secretion  of  the  Bile. — Numerous  experiments  ha 
made  to  ascertain  whether  or  not  the  set*retion  of  bile  15  oo 
by  a  si^ecnal  set  of  secretor>^  fil>ers.  The  secretion  itself  Ls  eon 
but  varies  in  amount  under  different  conditions.  Thease  co 
may  be  contmlled  experimentally  in  part,.  It  lias  been  sIm 
example,  that  slimulation  of  the  spinal  cord  or  splanchni 
diminishes  the  flow  of  bile»  w^hile  section  of  the  splanchnic  I 
may  cause  an  increased  flow.  These  and  similar  actions 
plained,  however,  by  their  effect  on  the  blood-flow  through  tl 
The  splanchnic^  carr>^  vasomotor  ner\'es  to  the  liver,  and  «e 
stinmlation  of  these  uerv^es  will  therefore  alter  the  circulatio 
oi^n.  Since  the  secrc^tion  increases  when  the  Vjh:)od-flt)W  is  ir 
and  vice  versa,  it  is  believed  that  in  this  case  no  special  m 
nerve  fibers  exist.  The  fuetal>olic  processes  in  the  liver  cell 
produce  the  secret itin  probably  go  on  at  all  times,  but  tl 
increitsed  when  the  blrKxI-flow  is  increased.  We  may  l)C*UeviE 
fore,  that  the  qiiantit\'  of  the  bile  secretion  varies  with  the  cj 
and  (composition  of  the  blood  flowing  through  the  livt^r,  i 
the  blood  contains  normally  chemical  substances  of  the  m 
hormones,  which  slimolate  the  liver  cells  to  secrete  bile. 
physiological  and  pharmacological  si<le  efTorts  have  Ix^en  r 
discover  tlie  nature  of  the  substances  which  stiumiate  the  foi 
of  bile.  Such  substances  are  designated  as  cholagogues.  Tb 
peiitical  agents  capable  of  giving  this  action  are  still  a  sutijet*f 
troversy.  On  the  physiokigical  side  the  following  iacis  are  ac 
Any  agent  that  causes  an  ln'molysis  of  rt*il  curjiuscles  increi 
flow  of  biie,  or  the  same  e'ffect  is  produce*  1  if  a  solution  of  hem 
is  injected  directly  into  the  blood.  This  result  is  in  harraoc 
the  views  already  stated  regarding  the  significance  of  the  h 
ments  as  an  excretory  prochict  of  hemoglobin.  The  choli 
whose  action  is  most  distinct  and  prolonged  is  bile  itself.   WI 
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injected  directly  into  the  circulation,  bile  causes  an  undoubted  in- 
case in  the  secretion.  This  effect  is  due  both  to  the  bile  acids  and 
Ic  pigments.  Since  the  bile  acids  have  a  hemolytic  effect  on  red 
rpuscles,  it  might  at  first  be  assumed  that  their  action  as  chola- 
igaes  is  due  indirectly  to  this  circumstance.  The  action  of  the 
le  acids  is,  however,  much  more  pronounced  than  that  of  other 
mdytic  agents,  and  it  seems  certain,  therefore,  that  they  exert 
specific  effect  on  the  liver  cells.  So  also  it  is  stated  (Weinberg) 
iA  peptones  and  proteoses  have  a  marked  stimulating  effect, 
id  since  these  substances  may  be  brought  to  the  liver  in  the 
irtal  blood,  it  is  possible  that  they  act  as  stimuli  under  normal 
editions.  Lastly,  there  is  evidence  that  the  secretin,  whose  ae- 
on upon  the  pancreatic  secretion  has  been  described,  exerts  a  sim- 
»r  effect  upon  the  secretion  of  bile.  Statements  differ  somewhat  in 
gud  to  the  extent  of  this  action,  but  it  seems  to  be  certain  that, 
hen  adds  (0.5  per  cent.  HQ)  are  injected  into  the  duodenum  or  upper 
ut  of  the  jejimiun,  the  secretion  of  bile  is  increased;  and,  since 
k  effect  takes  place  when  the  nervous  connections  are  severed,  the 
bet,  as  in  the  case  of  the  pancreatic  secretion,  is  explained  by  as- 
nung  that  the  acid  converts  prosecretin  to  secretin,  and  this 
tter  after  absorption  into  the  blood  acts  upon  the  liver  cells.* 
amilar  effect  may  be  obtained  by  injecting  secretin  directly  into 
e  blood.  Since  during  a  meal  the  stomach  normally  ejects  acid 
pae  into  the  duodenum,  the  importance  of  this  secretin  reaction 
adapting  the  secretion  of  bile  to  the  period  of  digestion  is  evident. 
The  Ejection  of  Bile  into  the  Duodenum — Function  of  the 
Ill-bladder. — ^Although  the  bile  is  formed  more  or  less  continu- 
■ly,it  enters  the  duodenum  periodically  during  the  time  of  digestion, 
te  secretion  during  the  intervening  periods  is  prevented  from  enter- 
K  the  duodenum  apparently  by  the  fact  that  the  opening  of  the 
■nmon  bile-duct  is  closed  by  a  sphincter.  The  secretion,  therefore, 
•dcs  up  into  the  gall-bladder.  According  to  Bruns,t  no  bile  appears 
the  duodenum  as  long  as  the  stomach  is  empty.  When,  how- 
er,  a  meal  is  taken,  the  ejection  of  the  chyme  into  the  duodenum 
followed  by  an  ejection  of  bile.  J  It  would  seem,  therefore,  that 
ch  gush  of  chyme  into  the  duodenum  excites,  probably  by  reflex 
tion,  a  contraction  of  the  gall-bladder,  and  an  inhibition  of  the 
hincter  closing  the  opening  into  the  intestine. 

An  interesting  application  of  this  fact  has  been  made  in  siu-gical  practice, 
ter  operations  upon  the  gall-bladder  trouble  is  experienced  at  times  owing 
the  failure  of  the  fistulous  opening  to  heal,  so  that  there  is  constant  oozing 
giU.  It  is  found  that  frequent  feeding  of  the  patient  facilitates  the  per- 
•Hent  closure  of  the  fistula,  because  af)parently  the  sphincter  is  kept  inhibited 
1  the  pressure  in  the  gall-bladder  is  lowered. 

•  See  Falloise,  quoted  in  Maly's  "Jahres-bericht  der  Thier-chemie,"  33, 611, 
H,  t  "Archives  des  sciences  biologiques,"  7,  87,  1899. 

tSee  also  Klodnizki,  quoted  from  Maly's  "  Jahres-bericht  der  Thier- 
inie,"  33,  617,  1904. 
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^B                  The  substances  in  the  chyme  that  are  responsible  (or  iHe  ^mr  H 
^H            Illation  have  l>een  investigiUecl  by  Bnins.     He  finds  thai  a^^^H 
^1             aikahes,  and  starches  are  ineffective,  and  concludes  that  tbi^^H 
^H             is  due  to  the  proteins  and  fats  or  some  of  the  produfta  ol^H 
^M            dige^stion.     The  gall-bladder  has  a  muscular  coat  of  plain  muick, 
^H             and  records  made  of  its  contractions  show  that  the  force  exrrtM 
^H             hi  quite  small.      Acctirding  to  Freese,^  the  raaxitnal  coiitriirtim 
^H             does  not  exceed  1 1  rat  necessary  to  overcome  the  by droetatic  prawiK 
^H             of  a  column  of  water  220  mms.  in  heiglit.'-a  force,  therefore,  whidi 
^H            is  about  equivalent  to  the  secretion  pressure  of  bile  as  dcteraiffi«l 
^B             by  Heidenhain.    The  innervation  of  the  gall-bladder  mu\  pMjt^ 
^H              has  been  studied  es[>ecially  by  Doyon.f     It  would  seem*  ^^'^'^^^1 
^M             experiments  made  by  this  author  together  witli  later  experiiS^B 
^m             repoited  by  others,  t  that  the  bladder  nH^4Mv.-<  bi^th  rn.^t<>r  ftndii^ 

i 

4- 

i 

J5' 

JO 

s&' 

M 

^ 

30 

M' 

M' 

J(»^ 

J^' 

M 

M 

J*' 

>-u- 

J 

■^^ 

,        1 

i 

t 

' 

'>._ 

i 

\ 

/ 

"' 

\ 

* 

\ 

s 

/ 

'^'' 

.. 

; 

"~^' 

— ■ 

-.. 

.^'' 

'""►-w 

t 

" ■ 

,' 

\ 

8 

s 
4 

z  1 

./ 

\ 

X^ 

J 

L 

f 

f 

\ 

/ 

.^ 

^ 

/ 

\ 

/   1 

: 

y 

"^^ 

'' 

^ 

^1 

Fig.  21 
I                           (1)  a  diet  o 

fiCUTBS  on  t 

hibiiorj' 
from  the 
lumbar  s 

tDa> 

.                           J  Bau 

> 

»7.- 
f  mi 

be  c 

fibe 
sp 

spiE 
fhna 

abrt 

-Cur 
Ik.  u 

rdin 

'rsl 
ina 
lal 

FIc 

"A 
dtco 

ves  abowioff  the  vetoelty  of  soeretioa  of  tnle  into  tla  ^ 
ppermoat  ciirv«;  <2)  a  diet  of  tne&t,  middle  curv»;  (3>  »  <li 
divi0aoa.i  on  the  abdcisan  rapreoeat  intervnis  of  thirty  a 
a  tea  represent  the  volume  of  eoeretioo  to  cubic  o*iktlziMil«a 
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1  cord  in  the  roots  of  the  sixth  thoracic  to 
nerve,  and  pnm  to  the  celiac  plexus  b}*  lira 

pkina  Howpitul  Bylietin/'  June,  1905, 

rrhives  tie  pKymo logic?,'*  1S94,  p.  19* 

and  Dale,  "  Journal  of  Physioloiy,"  1006^  xnii^ 
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tiaiudmic  nerves.  Motorfibersmay  occur  also  in  the  vagi.  Sensory 
WB  capable  of  causing  a  reflex  constriction  or  dilatation  of  the 
ackler  are  found  in  both  the  vagus  and  splanchnic  nerves.  Stim- 
ition  of  the  central  end  of  the  cut  splanchnic  causes  a  dilatation 
the  bladder  (reflex  stimulation  of  the  inhibitory  fibers),  while 
mulation  of  the  central  end  of  the  vagus  causes  a  contraction 
the  bladder  and  a  dilatation  (inhibition)  of  the  sphincter  muscle 
the  opening  of  the  common  duct  into  the  intestine.  These 
ter  movements  are  the  ones  that  occur  during  normal  digestion, 
d  we  may  assume,  therefore,  that  in  the  normal  reflex  emptying 
the  gall-bladder  the  afferent  path  for  the  reflex  is  formed  by  the 
SOS  fibers  while  the  efferent  path  is  through  the  splanchnic  nerves. 
Effect  of  Complete  Occlusion  of  the  Bile-duct. — When  the 
V  of  bile  is  prevented  by  ligation  of  the  bile-duct,  or  when  this 
!t  is  occluded  by  pathological  changes  the  bile  eventually  gets 
3  the  blood,  producing  a  condition  of  jaundice  (icterus).  There 
been  much  discussion  as  to  whether  the  bile  is  absorbed  directly 
3  the  blood  from  the  liver  cells  or  the  liver  lymph-spaces,  or 
sther  it  is  carried  to  the  blood  by  way  of  the  lymph-vessels  and 
racic  duct.*  Experimental  evidence  points  to  both  possibili- 
;.  The  increased  pressure  in  the  bile  system  leads  possibly  to  a 
>ture  of  the  delicate  bile  capillaries,  and  the  bile  thus  escapes 
3  the  lymph-spaces.  From  these  spaces  it  may  be  absorbed 
2ctly  by  the  blood-vessels  of  the  liver,  or  it  may  be  carried  off 
the  lymph-stream  toward  the  thoracic  duct. 
General  Physiological  Importance  of  Bile. — ^The  physiological 
ue  of  bile  has  been  referred  to  in  speaking  of  its  several  constitu- 
B.  Bile  is  of  importance  as  an  excretion  in  that  it  removes  from 
body  waste  products  of  metabolism,  such  as  cholesterin,  lecithin, 
I  bile  pigments.  With  reference  to  the  pigments,  there  is  evidence 
how  that  a  part  at  least  may  be  reabsorbed  while  passing  through 
intestine,  and  be  used  again  in  some  way  in  the  body.  The  bile 
Is  represent  end-products  of  metabolism  involving  the  proteins 
he  liver  cells,  but  they  are  undoubtedly  reabsorbed  in  part,  and 
not  be  regarded  merely  as  excreta.  As  a  digestive  secretion,  the 
Jt  important  function  attributed  to  the  bile  is  the  part  it  takes  in 
(figestion  and  absorption  of  fats.  It  accelerates  greatly  the  action 
he  lipase  of  pancreatic  juice  in  splitting  the  fats  to  fatty  acids  and 
jerin.  and  it  aids  materially  in  the  absorption  of  the  products 
his  hydrolysis.  A  number  of  observers  have  shown  that  when  a 
manent  biliary  fistula  is  made,  and  the  bile  is  thus  prevented  from 
jhing  the  int^tinal  canal,  a  large  proportion  of  the  fat  of  the  food 
ipes  absorption  and  is  found  in  the  feces.  This  action  of  the 
may  be  referred  directly  to  the  fact  that  the  bile  acids  serve  as  a 

♦  Sec  Mendel  and  Underbill  for  literature,  *'  American  Journal  of  Phys- 
Qr,"  1906,  xiv.,  252. 


806  PHYSIOLOGY    OF    DIGESTION    AND    SECRETIO.V* 

solvent  for  the  fata  and  fatty  acids.    It  was  formerly  bebevfd 
bile  is  also  of  great  impf>rtanee  in  restraining  the  proceeaes  of 
faction  in  the  intestine.     It  was  asserted  that  bile  is  an 
antiseptic,  and  that  this  profjerty  conies  into  use  nonnaUy  ia 
ing  excessive  putrefaction.     Bacteriological  experiments  jmnk 
nuitiber  of  ohsen^ers  have  shown,  however,  that  bile  itself  bii 
feeble  antiseptic  projjerties,  as  is  indicated  by  the  fact  that  it 
readily.  The  frcL^bile  acids  iukI  fht^lalic  aeiddn  have  a  dii 
ing  effect  upon  putrefactions  outside  the  body ;  but  this 
very  pronounced,  ami  has  not  been  demonstrated  satisfaetoifl? 
bile  itseif.     It  seems  to  l>e  generally  true  that  in  cases  of  biliary 
the  feces  have  a  very  feti(i  odor  when  meat  and  fat  are  taken  iij 
food.     But  the  increased  putrefaction  in  these  cases  may 
an  indirect  result  of  the  withdrawal  of  bile.     It  has  been 
for  instance,  that  the  deficient  al>sorption  of  fat  that  folIoivsJ 
reino\'al  of  the  i)ile  result.s  in  the  protein  and  carlxihydraUi' 
becoming  coatefi  with  an  insoluble  layer  of  fat*  so  tliat  the] 
of  the  digestive  enzymes  is  retarded  and  greater  opportunity  is 
for  the  action  of  bacteria.     We  may  conclude,  therefore,  that, 
there  does  not  seem  to  l>e  sufficient  warrant  at  present  for  h 
that  the  bile  exerts  a  tJirect  antiseptic  action  upon  the 
contents,  nevertheless  its  pre^sence  limits  in  some  wav  tlie 
putrefaction. 

Glycogen. — <Jne  of  the  most  important  furiftiruLs  <»i  iheli^ 
the  fomiatii>n  of  gi\  cogen.     This  suljsUinee  wtis  found  in  llie 
1857  by  Claude  Bernan!,  and  is  one  of  several  brilliant 
nmde  by  him.    Glycogen  has  the  formula  (C^Hj^^O,\|t  w 
the  general  fonnula  given  to  vegetable  starch ;  glycogen  b 
frequently  spoken  of  as  '*  animal  starch,"     It  gives,  howr 
wine-red  color  with  ii»din  sr>lutions,  inst^ead  of  the  familiar 
of  vegetaijle  starch,  and  this  reaction  serves  to  det^eet  glycofa 
only  in  its  solutions^  hut  also  in  the  liver  cells,     Glveogeo  is 
soluble  in  water,  and  the  solutions  have  a  characteristic 
ap|iearance.     Like  starch,  glycogen  is  acted  upon  by  pQ^i 
other  diastatic  enzymes,  and  the  end-products  are  apparentlf 
same^naniely,  maltose,  or  maltose  and  some  dextrin,  or  tkti 
trose,  depending  upon  the  enzyme  used.     Under  the  infltifli^ 
acids  it  may  be  hydrolyzed  at  once  to  dextrose.* 

Occurrence  of   Glycogen    in   the   Liver, — (llycogen  ctf 

detected  in  the  liver  cells  microscopically.     If  the  liver  of  a  tfa 

removed  twelve  or  fourteen  hours  after  a  hearty  meal,  hsmfcop 

alcohol,  and  sectioned,  the  liver  cells  are  found  to  cimtaiji 

oi  dviir  material  which  give  the  imiin  reaction  for  glycqgen*  & 

when  distinct  aggregations  of  the  glycogen  Ciinnot  be  madrout* 

♦The  extensive  literature  of  glycogen  is  collecte<^l  And  re\tir»T«t Jj 
mer  in  the  *'  KrKebiilsse  der  Phvsiologie, "  vol.  i,  part  t,  IW2;  Mtd  by 
"  Axcliiv  f,  ilie  gejianiiiite  Physlologie/*  90,  1,  19M3, 
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tesenoe  in  the  cells  is  shown  by  the  red  reaction  with  iodin.  By 
m  simple  method  one  can  demonstrate  the  important  fact  that  the 
mount  of  glycogen  in  the  liver  increases  after  meals  and  decreases 
gain  during  the  fasting  hom«,  and  if  the  fast  is  sufficiently  prolonged 
'  niay  disappear  altogether.  This  fact  is,  however,  shown  more 
itkfactorily  by  quantitative  determinations,  by  chemical  means, 
f  the  total  glycogen  present.  The  amount  of  glycogen  in  the 
ver  is  quite  variable,  being  influenced  by  such  conditions  as  the 
haracter  and  amount  of  the  food,  muscular  exercise,  body  tem- 
«ature,  drugs,  etc.  From  determinations  made  upon  various 
nimals  it  may  be  said  that  the  average  amount  lies  between  1.5  and 
per  cent,  of  the  weight  of  the  liver.  But  this  amount  may  be  in- 
rawed  greatly  by  feeding  upon  a  diet  largely  made  up  of  carbohy- 
ntes.  It  is  said  that  in  the  dog  the  total  amount  of  Uver  glycogen 
My  be  raised  to  17  per  cent.,  and  in  the  rabbit  to  27  per  cent.,  by 
hk  means,  while  it  is  estimated  for  man  (Neumeister)  that  the  quan- 
ity  may  be  increased  to  at  least  10  per  cent.  It  is  usually  believed 
hat  glycogen  exists  as  such  in  the  liver  cells,  being  deposited  in  the 
ubstance  of  the  cytoplasm.    Reasons  have  been  brought  forward 

0  show  that  this  is  not  strictly  true,  and  that  the  glycogen  is  prob- 
Uy  held  in  some  sort  of  weak  chemical  combination.  It  has  been 
bown,  for  instance,  that  although  glycogen  is  easily  soluble  in  cold 
'ater,  it  can  not  be  extracted  readily  from  the  liver  cells  by  this  agent. 
^  must  use  hot  water,  salts  of  the  heavy  metals,  and  other  similar 
fients  that  may  be  supposed  to  break  up  the  combination  in  which 
^  glycogen  exists.    For  practical  purposes,  however,  we  may  speak 

1  the  glycogen  as  lying  free  in  the  liver-cells,  just  as  we  speak  of 
■cOK)globin  existing  as  such  in  the  red  corpuscles,  although  it  is 
■obably  held  in  some  sort  of  combination. 

Origin  of  Glycogen. — ^To  understand  clearly  the  views  held  as 
^  the  origin  of  liver  glycogen,  it  is  necessary  to  describe  briefly  the 
feet  of  the  different  foodstuffs  upx)n  its  formation. 

Effect  of  Carbohydrates  on  the  Amount  of  Glycogen, — ^The  amount 
f  glycogen  in  the  liver  is  affected  very  quickly  by  the  quantity  of  car- 
rfiydrates  in  the  food.  If  the  carbohydrates  are  given  in  excess,  the 
Jpply  of  glycogen  may  be  increased  largely  beyond  the  average 
Qtount  present ,  as  has  been  stated  al)ove.  Investigation  of  the  differ- 
U  sugars  has  shown  that  dextrose,  levulose,  saccharose  (canenaugar), 
od  maltose  are  unquestionably  direct  glycogen-formers, — that  is, 
ycogen  is  formed  directly  from  them  or  from  the  products  into 
hich  they  are  converted  during  digestion.  The  bulk  of  our  car- 
Aydrate  food  reaches  the  liver  as  dextrose,  or  its  dextrose  and  levu- 
»,  and  these  forms  of  sugar  nia>'  be  converted  into  glycogen  in  the 
W  cells  by  a  simple  process  of  dehydration  and  condensation, 
ch  as  may  be  represented  in  substance  by  the  formula — 

n(CeHuOe)  -  nCH^O)  =  ((:^eH,oO.)n. 
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There  is  no  doubt  that  both  dextrose  and  levulose  increase  imrkf^i'v 
the  amount  of  glycogen  in  the  liver ;  and,  since  cane^ugar  h  uivptI*^ 
in  the  intestine  liefore  absorption,  it  also  must,  be  a  true  glycT3«P0' 
former,— a  fact  that  has  b(^n  abundantly  demonstrated  by  diifd 
experiment.     Lusk*  has  shown,  however,  that,  If  cane-^ugar  n 
ject-ed  under  the  skin,  it  has  a  very  feeble  effect  in  the  way  ofini 
ing  the  anioiint  of  glycogen  in  the  Over,  since  under  these  c<mdil 
it  is  probably  absorbed  into  the  blood  without  undergoing  int^rskia. 
Experiments  with  subcutaneous  injection  of  lactose  gave  aimilif 
results,  and  it  is  generally  lielieved  that  the  liver  cells  can  not  coRTBt 
the  double  sugars  to  glycogen^  at  least  not  readily:  hence  the  value 
of  the  hydrolysis  of  these  sugars  in  the  alimentar>^  canul  Moft 
absorption.     We  may  aastune,  therefore,  that  dextrose,  tevuk*r.*ttl 
galactose  are  the  true  glycogen-formers  that  occur  normally  in  Ai 
blo(xl,  and  that  the  disaccharids  (cane-sugar,  milk-sugar,  etr,)  inJ 
the  jxilysaccharids  (starches)  are  true  glycogen-formers  to  the  «• 
tent  that  they  are  converted  into  dextrose,  levulose,  or  galacior 
Effect  of  Protein  on  Glycogen  Formati&n. — In  his  first  %X\i 
upon  glycogen  Bernard  ;issertetl  that  it  may  l>e  formed  fn»m  prctdl 
materiaL     iSince  that  time  there  have  been  much  discu^ictn 
experimentation  upon  this  point.     The  usual  view  is  that  proWB 
must  be  counteii  among  the  true  glycogen-formers  in  the  sense  thsi 
some  of  the  material  of  the  protein  molecule  is  directly  convertfJ 
glycogen.     The  protein  in  digestion  nndergoe^s,  it  will  be 
bered.  a  splitting  pracessj  the  limits  of  which  are  not  definitelv  set 
It  is  assumed,  howT-ver^  that  the  nitrogenous  split  products--tl«vt  W 
the  ami  no-bodies — are  act^l  upon  in  the  liver  or  tissues,  the  nitJ 
gen  being  converted  first  to  an  anmionia  compound  and  then  W 
urea,  while  the  non -nitrogenous  residue  is  convert- 
a  sjiitht*tic  process.    Positive  results  have  been  obi 
that  some,  at  leaM,  of  the  amino-acids,  such  as  glyciii.  alamn. 
aspartic  acid,  may  he  converted  to  sugar  in  the  body.    Exp»*rim< 
tally  observers  find  for  the  warm-blomh^d  animals,  at  leairt,  liw 
fc^eding  with  j>roteins,  even  in  the  case  of  those  pr  irh 

casein,  that  (^ontain  no  carbohydrate  grouping,  cau^-t 
production  of  glycogen,  t  The  conclusion  to  be  drai^  from 
experiments  is  strengthened  by  clinical  experience  upon 
beings  suffering  from  diabetes.  In  .severe  forms  of  this  disetoi 
carbohydrate  material  of  the  food  escapes  oxidation  in  the  b(4f 
and  is  secreted  unchanged  in  the  urine.  If  under  theet^  eowfitki* 
the  individual  is  given  an  exclusively  protein  diet,  sugar  ^ill<'«^ 
tinues  to  appear  in  the  urine,  and  it  w^ould  seem  that  this  8H|Sf" 
only  arise  from  the  protein  frtod.  In  the  similar  (condition  rf 
severe  glycosuria  that  may  be  produced  by  the  use  of  phlorinD  ^ 
has  been  shown  tliat  the  animal  continues  to  excrete  migar  ei« 

*  Voit,  '  Zdlf^chrift  f.  Biologie,"  28,  285.  1891. 

t  Sec  Stookoy,  "American  Journal  of  Physiology,"  9»  138,  IM)^ 
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len  fed  on  protein  alone  or  when  starved.  Under  such  conditions 
«  amount  of  dextrose  in  the  urine  bears  a  definite  ratio  to  the 
nount  of  nitrogen  excreted  D : N : :  3.65 : 1  (Lusk) ,  which  would  indi- 
ite  that  both  arise  from  the  breaking  down  of  the  protein  molecule. 
)  abo  the  fact  that  during  prolonged  starvation,  lasting  for  forty 
•  even  ninety  days,  the  blood  retains  a  practically  constant  com- 
)Bition  in  sugar  indicates  that  this  material  is  being  formed  from 
ther  the  protein  or  fat  supply  of  the  body.  Other  considerations 
nd  to  exclude  the  fat,  and  we  are,  therefore,  led  to  the  belief  that  the 
roteiii  can  give  rise  to  sugar  in  the  body.  If  this  change  is  part 
the  normal  metabolism  of  the  body  it  would  make  protein  a  gly- 
igen-former,  since  the  sugar  formed  from  the  protein  may,  of  course, 
>  converted  to  glycogen.  Whether  or  not  all  proteins  yield  gly- 
igwi  or  sugar  in  the  body  is  not  entirely  determined.  Some 
ithore  have  thought  that  only  those  proteins  that  contain  a 
Aohydrate  residue  have  this  property;  but,  as  stated  above, 
aein  and  other  proteins  that  do  not  possess  this  grouping  seem 
» to  increase  the  glycogen  supply  when  fed  alone. 

Effect  of  Fats  upon  Glycogen  Formation. — ^A  large  number  of 
bstonces  have  been  found  by  some  observers  to  increase  the  store 
^cogen  in  the  liver.  In  some  of  these  cases  at  least  it  is  evident 
^  the  substance  is  not  a  direct  glycogen-former  in  the  sense  that 
B  material  is  itself  converted  to  glycogen.  It  may  increase  the 
pply  of  liver  glycogen  in  some  indirect  way, — ^for  example,  by 
oinishing  the  consmnption  of  glycogen  in  the  body.  The  most 
portant  substance  in  this  connection  from  a  practical  standpoint 
ht.  Whether  or  not  the  body  can  convert  fats  into  sugar  or 
oogen  is  a  question  about  which  at  present  there  is  much 
hvenoe  of  opinion,  and  much  evidence  might  be  cited  on  each  side. 
Mier,  however,  has  furnished  apparent  proof  that  glycerin  acts 
a  direct  glycogen  or  sugar-former.  When  fed,  especially  in  the 
betic  condition,  it  causes  an  increase  in  the  sugar  which  can  not 
explained  as  a  result  of  protein  metabolism.  Since  in  the  body 
itral  fats  are  normally  split  into  glycerin  and  fatty  acid,  the  fact 
tt  glycerin  can  be  converted  to  sugar  seems  to  carry  with  it  the 
nission  that  fats  may  contribute  directly  to  sugar  production, 
tether  the  synthesis  of  sugar  (or  glycogen)  from  glycerin  is, 
io  speak,  a  normal  process  or  occurs  only  under  especial  condi- 
18,  cannot  be  decided  at  present.  Since,  however,  the  glycerin 
icle  constitutes  but  a  small  fraction  of  the  fat  molecule,  the 
.ntitative  importance  of  a  change  of  this  kind  cannot  be  very 
it  under  any  circumstances. 

The    Function    of    Glycogen — Glycogenic    Theory. — The 
ming  of  the  formation  of  glycogen  in  the  liver  has  been,  and 

is,  the  subject  of  discussion.  The  view  advanced  first  by 
oard    is   perhaps    most   generally  accepted.      According   to 
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Bernard,  glycogen  forms  a  temporary  reserve  sup 
hydrate  oiaterial  liiitt  is  laid  up  in  the  liver  during 
is  gradually  made  use  of  in  the  intervals  between  meak 
digestion  the  carbohydrate  food  is  absorbed  into  the  blood 
portal  system  a.s  dextrose  av  as  dextrose,  lev^lose.  and  gK 
If  these  sugars  parsed  tln^iugli  the  liver  unchanged*  the  ti 
of  the  systemir  blood  in  sugar  would  be  increi^sed  perci 
gi\ang  the  €on<lition  designate*!  iis  h^vperglycemla  and  thf  i 
sugar  would  be  extTct^  by  the  kidneys.  But  as  the  h\oi 
the  tligestive  organs  passes  through  the  liver  the  excftsss  of 
abstraeteii  by  the  liver  eells,  is  dehydrated  to  make  g:lycogei 
retained  in  the  cells  in  tliis  form  for  a  short  f)eriod.  An  ol 
has  been  made  to  this  part  of  the  glycogenic  hj-pothesis  by  1 
the  ground  that  if  all  the  carboliydrates  of  a  meal  were  a 
into  the  blood  as  free  sugar,  a  condition  of  h>7)erglycemia  am 
8uria  must  evidently  result,  because  the  liver  camiot  l>e  si 
to  handle  the  large  amount  of  sugar  derived  from  the  carboii 
of  an  ordinary  meah  We  know  that  glycosuria  does  ooci 
the  carbohydrates  are  eaten  in  excess  (alimentary  glycoeu 
this  ver>^  reason.  But  within  what  we  may  call  the 
limits  of  a  carbohydrate  diet  it  seems  most  probable  ti 
contents  of  the  ix)rtal  vein  never  rise  much  alx)ve  the  ufui 
since  the  earljohydrate  is  absorlied  slowly  during  a  period 
to  five  hours,  and  during  this  period  a  ver>'  large  aii 
nnist  flow  tlirough  the  intestines,  as  much  perhajv- 
as  180  to  190  liters,  if  one  may  apply  to  man  the  resultj*of  J 
Opitz,  obtained  for  the  dog,  namely*  a  flow  of  31  e,e.  per 
for  each  100  gms.  of  intestine.  There  is,  therefore,  no  re 
suppose  thot  the  power  of  t!ie  liver  to  convert  the  dextrosf 
cogen  is  overtaxed  by  the  amount  of  sugar  brought  to 
ing  digestion.  From  time  to  time  the  glycogen  of  ll 
is  reconverteii  into  sugar  (dextrose )  and  is  given  off  to  tln 
By  this  means  the  pc^rccntiige  of  sugar  in  the  systi?mM 
is  kept  nearly  constiint  (0.1  to  0.2  per  cent.)  and  withii 
best  adapted  to  the  use  of  the  tissues.  The  great  iinportaiM: 
fomiation  of  glycogen  and  the  consequent  consen^ation  of  ti 
supply  of  the  tissues  is  evident  when  we  consider  the  nutritti 
of  carbohydrate  food.  Carljohydiates  form  the  bulk  of  o* 
diet;  and  the  proi>er  regulation  of  the  supply  to  the  tissues  ii 
fore,  of  vital  importance  in  the  nmintenanoe  of  a  nonualp 
condition.  The  second  part  of  this  theory,  which  holds  t 
glycogen  is  reconverted  to  dextrose,  is  supported  by  obae 
upon  livers  removed  from  the  body.  It  has  been  found  that 
after  the  removal  of  the  Uver  the  supply  of  glyoogesi  hcgtofl 
appear  and  a  corresponding  increase  in  dextnose  occuis*  1 
comimratively  short  time  all  the  glycogen  is  gone  and  only  d 
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kfound.  It  is  for  this  reason  that  in  the  estimation  of  glycogen  in  the 
fiver  it  is  necessary  to  mince  the  organ  and  to  throw  it  into  boiling 
witer  as  quickly  as  possible,  since  by  this  means  the  liver  cells  are 
killed  and  the  conversion  of  the  glycogen  is  stopped.  How  the  gly- 
cogen is  changed  to  dextrose  by  the  liver  is  a  matter  not  fully  ex- 
plained. According  to  most  authors,  the  conversion  is  due  to  an 
€iiiyme  produced  in  the  liver.  Extracts  of  liver,  as  of  some  other 
tisBues,  yield  a  diastatic  enzyme  that  changes  glycogen  to  dextrose.* 
It  is  probable,  therefore,  that  the  normal  conversion  of  glycogen 
to  dextrose  is  effected  by  a  special  enzyme  produced  in  the  liver 
cells.  In  this  description  of  the  origin  and  meaning  of  the  liver 
glycogen  reference  has  been  made  only  to  the  glycogen  derived 
directly  from  digested  carbohydrates.  The  glycogen  derived 
from  protein  foods,  once  it  is  formed  in  the  liver,  has,  of  course, 
tiie  same  functions  to  fulfil.  It  is  converted  into  sugar,  and 
©vwitually  is  oxidized  in  the  tissues.  For  the  sake  of  completeness 
H  may  be  well  to  add  that  some  of  the  sugar  of  the  blood  formed 
from  the  glycogen,  when  an  excess  is  eaten  beyond  the  energ>' 
needs  of  the  tissues,  may  be  converted  into  fat  in  the  adipose 
tissues  instead  of  being  burnt,  and  in  this  way  it  may  be  retained 
m  the  body  as  a  reserve  supply  of  food  of  a  more  stable  character. 
(Hycogen  in  the  Muscles  and  other  Tissues. — ^The  history  of 
glycogen  is  not  complete  without  some  reference  to  its  occurrence  in 
the  muscles.  Glycogen  is,  in  fact,  found  m  various  places  in  the  body, 
ttd  is  widely  distributed  throughout  the  aninml  kingdom.  It  occurs, 
fcr  example,  in  leucocytes,  in  the  placenta,  in  the  rapidly  growing 
tMBues  of  the  embryo,  and  in  considerable  abundance  in  the  oyster 
ttd  other  molluscs.  But  in  our  bodies  and  in  those  of  the  manunals 
RHierally  the  most  significant  occurrence  of  glycogen,  outside  the 
B^,  is  in  the  volimt&ry  muscles,  of  which  glycogen  fonns  a  normal 
wnstituent.  It  has  been  estimated  that  the  percentage  of  glycogen 
Stt  resting  muscle  varies  from  0.5  to  0.9  per  cent.,  and  that  in  the 
■musculature  of  the  whole  body  there  may  be  contained  an  amoimt 
^  glycogen  equal  to  that  in  the  liver  itself.  Muscular  tissue,  as 
''rfl  as  liver  tissue,  has  a  glycogenetic  function — that  is,  it  is  cap- 
•Me  (rf  laying  up  a  supply  of  glycogen  fi-om  the  sugar  brought 
to  it  by  the  blood.  The  glycogenetic  function  of  muscle  has  been 
^hiDonstrated  directly  by  Kulz,t  who  has  shown  that  an  isolated 
***uscle  irrigated  with  an  artificial  supply  of  blood  to  which  dextrose 
*  added  is  capable  of  changing  the  dextrose  to  glycogen,  as  shown 
Ijjr  the  increase  in  the  latter  substance  in  the  muscle  after  irriga- 
ion.  Muscle  glycogen  is  to  be  looked  upon  as  a  temporary  and 
^kal  reserve  supply  of  material;  so  that,  while  we  have  in  the 
tver  a  large  general  depot  for  the  temporary  storage  of  glycogen  for 

♦  Tebb,  "Journal  of  Physiology,"  22,  42:i,  1897-98. 
t  ^'Zeitschrift  f.  Biologic,''  72,  237,  1890. 
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the  use  of  the  body  at  large,  the  muscular  tissue,  whirl 
its  bulk,  is  the  most  active  tissue  of  the  body  from  tl 
of  energj'  production,  is  also  capable  of  lading  up  in  the  form i 
cogen  any  exce^ss  of  sugar  brought  to  it.  The  fact  that  gj; 
occurs  so  widely  in  the  rapidly  growing  ceils  of  embryoeindicat 
this  glycogenetii*  funetioii  may  at  times  be  exercised  b>  m\\ 

Conditions  Affecting  the  Supply  of  Glycogen  in  Muse 
Liver.— In  accordance  with  the  \dew  given  above  of  thegeners 
of  gh'cogen — ^namely,  that  it  is  a  temporary  reserv^e  mj 
car}:)ohydrate  material  tliai  may  l^e  rapidly  converted  to  su^ 
oxidized  with  the  liberation  of  energ>' — it  is  found  that  the 
of  glycogen  is  gre^itly  affected  by  conditions  calling  for  ini 
metabolism  in  the  body.  I^fuscular  exercise  quickly  exhau 
supply  of  muscle  and  liver  glycogen,  provided  it  is  not  p 
by  new  footb  Observations  on  isolated  muselas  have 
definitely  that  the  local  supply  of  glycogen  is  diminbhed  vA 
muscle  is  made  to  contract  (see  p.  66).  In  a  starving 
glycogen  finally  disappears,  except  perhaps  in  traces,  bi 
disappearance  occui-s  much  sooner  if  the  animal  is  made  to 
muscles  at  the  same  time.  It  has  lieen  shown  also  by  Mor 
Dufourt  that  if  a  muscle  has  l>een  made  to  cimiract  vittc 
it  tak^  up  much  more  sugar  from  an  iuiificial  supply  of  bloc 
through  it  than  a  similar  muscle  w^hich  has  been  res^ting  ;  \ 
other  hand,  it  has  been  found  that  if  the  nerve  of  one  le^r 
so  as  to  fiaralyze  the  muscles  of  that  side  of  the  body,  tlw  » 
of  glycogen  is  greater  in  these  muscles  than  in  those  of  thi 
leg  that  have  teen  contracting  meantime  and  nmng  up  th« 
cogen.  The  further  hlstor}'  of  glycogen  is  considered  in  the  i 
on  NutdtiotL 

Formation  of  Urea  in  the  Liver. — The  nitroi^en  conttti 
the  protein  material  of  our  food  is  finally  eliminated,  mainly 
form  of  urea.  It  has  lieen  definitely  proved  that  the  uiT* 
formed  in  the  kidneys,  the  organs  that  eliminate  it.  It  has  ton 
considered  a  matter  of  the  greatest  importance  to  ascertain  ii 
organ  or  tissues  urea  is  formed.  Investigations  have  gone  80 
to  demonstrate  that  it  arises  in  part  at  least  in  the  liver;  Ii«i 
property  of  forming  urea  must  be  added  to  the  other  importiui' 
tions  of  the  liver  cell  Schroder*  perfoi-med  a  number  oC  i 
ments  in  whirh  the  liver  was  taken  from  a  freshly  killed  <k 
in'igated  through  its  blood-vessels  with  a  supply  of  blood  ob 
from  another  dog.  If  the  supply  of  blood  was  taken  from  1 1 
animal  then  circulating  it  through  the  isolated  hver  was  noi  fo 
by  any  inrrease  in  the  amount  of  urea  contained  in  it.  jifj 
contrary,  the  blood  was  obtained  from  a  well-fed  dog,  tl 

♦  Aroliiv  f.  fxperimenteJk  Pathologie  und  PhtLrinttkologie/'  11 
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rfurea  contained  in  it  was  distinctly  increased  by  passing  it  through 
the  Kver,  thus  indicating  that  the  blood  of  an  animal  after  digestion 
contains  something  that  the  liver  can  convert  to  urea.  It  is  to  be 
noted,  moreover,  that  this  power  is  not  possessed  by  all  the  organs, 
since  blood  from  well-fed  animals  showed  no  increase  in  urea  after 
bring  circulated  through  an  isolated  kidney  or  muscle.  As  further 
proof  of  the  urea-forming  power  of  the  liver  Schroder  found  that 
if  ammonium  carbonate  was  added  to  the  blood  circulating  through 
the  liver — to  that  from  the  fasting  as  well  as  from  the  well-nourished 
inimal— a  very  decided  increase  in  the  urea  was  always  obtained. 
It  follows  from  the  last  experiment  that  the  liver  cells  are  able  to 
convert  carbonate  of  ammonium  into  urea.  The  reaction  may  be 
aq)re88ed  by  the  equation  (NH,)jC03-2H20  -=-  CONjH,.  Schon- 
dwff  *  in  some  later  work  showed  that  if  the  blood  of  a  fasting  dog 
IB  irrigated  through  the  hind  legs  of  a  well-nourished  animal,  no 
increase  in  urea  in  the  blood  can  be  detected;  but  if  the  blood,  after 
irrigation  through  the  hind  legs,  is  subsequently  passed  through  the 
Hver,  a  marked  increase  in  urea  results.  Obviously,  the  blood  in  this 
c^)eriment  derives  something  from  the  tissues  of  the  leg  which  the 
tttues  themselves  cannot  convert  to  urea,  but  which  the  liver  cells 
ttn.  Finally,  in  some  remarkable  experiments  upon  dogs  made  by 
four  investigators  (Hahn,  Massen,  Nencki,  and  Pawlow),  which  are 
described  more  fully  in  the  next  chapter,  it  was  shown  that  when  the 
fiver  is  practically  destroyed  there  is  a  distinct  diminution  in  the 
•ifea  of  the  urine.  In  birds  uric  acid  takes  the  place  of  urea  as  the 
>^  nitrogenous  excretion  of  the  body,  and  Minkowski  has  shown 
•^at  in  them  removal  of  the  liver  is  followed  by  an  important 
fcninution  in  the  amount  of  uric  acid  excreted.  From  experiments 
^ch  as  these  it  is  safe  to  conclude  that  urea  is  formed  in  the  liver 
*id  is  then  given  to  the  blood  and  excreted  by  the  kidney.  In 
^ting  of  the  physiological  history  of  urea  an  account  will  be  given 
f  the  views  proposed  with  regard  to  the  antecedent  substance  or 
^bstances  from  which  the  liver  produces  urea. 

Physiology  of  the  Spleen. — ^Much  has  been  said  and  written 
bout  the  spleen,  but  we  are  yet  in  the  dark  as  to  the  distinctive 
inetion  or  fimctions  of  this  oi^gan.  The  few  facts  that  are  known 
^ay  be  stated  briefly  without  going  into  the  details  of  theories  that 
ive  been  offered  at  one  time  or  another.  The  older  experimenters 
Qmonstrated  that  this  oi^gan  may  be  removed  from  the  body  without 
Slious  injury  to  the  animal.  An  increase  in  the  size  of  the  lymph- 
ands  and  of  the  bone-marrow  has  been  stated  to  occur  after  ex- 
tpation;  but  this  is  denied  by  others,  and,  whether  true  or  not,  it 
\eB  but  little  clue  to  the  normal  functions  of  the  spleen.  Some 
>8erver8t  find  that  the  removal  of  the  spleen  causes  a  marked 

♦  PflOger's  **Archiv  f.  die  geaammte  Physioloeie, "  54,  420,  1893. 
t  Laudenbach,  "  Centralblatt  far  Physiologic,^*  9,  1,  1895. 
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dimimition  in  the  number  of  red  corpuscles  and  the  quantity  d 
heiiioglobm.  They  infer,  therefore,  that  the  spleen  is  noraaBy 
cont^emed  in  some  wa}'  in  the  fommlion  of  reel  corpusclee.  Oliien* 
however,  repcjrt  with  equal  jjositiveness  that  reoioval  of  the  gpk«i 
has  no  effect  upon  the  mmiber  of  red  eorpuscle^t  or  upon  the  poweroi 
the  animal  to  mgenerate  its  rorpusoles  aft^r  hemorrhage*  The 
most  definite  facts  kno^Ti  about  the  spleen  are  in  conne<'tion  withtti 
inovenients.  It  has  been  showTJ  that  there  is  a  slow  expansion  lad 
contraction  of  the  organ  synchronous  ^ith  the  digestion  period! 
After  a  meal  the  spleen  begins  to  increase  in  size,  reachiog  a  maxiiimiD 
at  about  the  fifth  hour*  and  then  slowly  returns  to  its  pre\'ioi»m 
This  movement,  the  meaning  of  which  is  not  kno^wn,  is  prol>ahlT dnt 
to  a  slow  vasodilatation,  together,  j^erhape,  with  a  relaxatjoo  of  tie 
tonic  contraction  of  the  musculature  of  the  trabeculae.  In  addititin 
to  this  slow  movement..  Royt  has  shown  that  there  is  a  rfaytlmiieil 
contraction  and  relaxation  of  the  organ,  occurring  in  cats  and  (k# 
at  interv^als  of  about  one  minute.  Roy  supposes  that  these  ooft* 
tractions  are  effected  through  the  intrinsic  musculature  of  the  Qip&» 
— that  is,  the  plain  muscle  tissue  present  in  the  capeide  and  tiabeeuki 
— and  he  believes  that  the  contractions  serve  to  keep  up  a  circuhtiDB 
through  the  spleen  and  to  make  its  va^ular  supplv  more  or  l« 
independent  of  variations  in  general  arterial  pressure*  The  bd 
that  there  is  a  sjjecial  local  arrangement  for  tnaintaining  iti  ^ 
culation  makes  the  spleen  unique  among  the  organs  of  the  l>f*dy,  but 
no  light  is  thrown  upon  the  nature  of  the  function  fulfilled* 
spleen  is  supplied  richly  with  motor  nen^e  fillers  w^hich  wlien  s 
]at^  either  directly  or  reflexly  cause  the  oi^gan  to 
volume.  According  to  8chaefer,t  these  fibers  are  contained  ia| 
splanchnic  nerves,  which  carr\'  also  inhibitor}'  fibers  whose  I 
lation  produces  a  dilatation  of  the  spleen. 

The  chemical  composition  of  the  spleen  is  eomplicatedf  bill  fff 
gestive.  Its  mineral  constituents  are  characterized  by  a  h# 
percentage  of  iron,  which  seems  to  be  present  as  an  organic  coropooJ 
of  some  kind.  Analysis  shows  also  the  presence  of  a  number  of  fitir 
acids,  fats,  cholcsterin*  and,  what  is  perhaps  more  noteworlhvt  * 
number  of  nitrogenous  extractives  belonging  to  the  group  (if  JWR^ 
bases,  such  as  xanthin,  hypoxanthin,  adenin,  guanin,  and  uric  loi 
The  presence  of  these  bodies  seems  to  indicate  that  active  n  r  "  ' 
changes  of  some  kind  occur  in  the  spleen.  As  to  the  theon* 
splenic  functions,  the  following  may  be  mentioned;  (1)  Tbei 
has  been  supposed  to  gixe  rise  to  new  red  corpuscles.  This  H  J 
doubtedly  does  during  fetal  fife  and  shortly  after  birth,  and  in  fcff* 
animals  throughout  life,  but  there  is  no  reliable  evidence  thai  thf 


t  'Journal  t.f  Phytiioiogy/*  3,  203,  1881. 
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inction  is  retained  in  aclult  life  in  man  or  in  most  of  the  mammals, 
he  presence  of  a  large  amount  of  iron  in  organic  combination 
iggests,  however,  that  the  spleen  may  play  a  part  in  the  prepara- 
on  of  new  hemoglobin,  or  in  the  perservation  of  the  iron  set  free 
f  the  death  of  the  red  corpuscles.  This  suggestion  is  strengthened 
f  the  fact  that  after  extirpation  of  the  spleen  there  is  a  distinct 
icrease  in  the  daily  loss  of  iron  from  the  body,  in  dogs  an  increase 
om  11  to  18  or  29  mgm.*  (2)  It  has  been  supposed  to  be  an 
■gan  for  the  destruction  of  red  corpuscles.  This  view 
founded  chiefly  on  microscopical  evidence,  according  to  which 
artain  large  ameboid  cells  in  the  spleen  ingest  and  destroy 
le  old  red  corpuscles,  and  partly  upon  the  fact  that  the  spleen 
sue  seems  to  be  rich  in  an  iron-containing  compound.  This 
wry  cannot  be  considered  at  present  as  satisfactorily  demon- 
nted.    (3)  It  has  been  suggested  that  the  spleen  is  concerned  in 

•  production  of  uric  acid.  This  substance  is  found  in  the  spleen, 
1  itoted  above,  and  it  was  shown  by  Horbaczewsky  that  the 
ihen  contains  substances  from  which  uric  acid  or  xanthin  may 
idily  be  formed  by  the  action  of  the  spleen-tissue  itself.  More 
eent  investigations  f  have  shown  that  the  spleen,  like  the  liver 
id  some  other  organs,  contains  special  enzymes  (adenase,  guanase, 
d  xanthin  oxydase),  by  whose  action  the  split  products  of  the 
icleins  may  be  converted  to  uric  acid,  and  it  is  probable,  therefore, 
at  this  latter  substance  is  constantly  formed  in  the  spleen.  (4) 
«tly,  a  theory  has  been  supported  by  SchifiF  and  Herzen,  according 
lAich  the  spleen  produces  something  (an  enzyme)  which,  when 
Ad  in  the  blood  to  the  pancreas,  acts  upon  the  trypsinogen  con- 
ded  in  this  gland,  converting  it  into  trypsin.  This  view  has  been 
Toborated  by  a  number  of  observers,  but  it  is  difficult  at  present 
decide  whether  such  an  action  occurs  normally  during  digestion, 
already  stated,  the  general  testimony  at  present  indicates  that 
pancreatic  juice  when  secreted  contains  its  trypsin  in  inactive 

oa.  It  is  activated  only  after  reaching  the  duodenum  under  the 
uence  of  the  enterokinase. 

*  Grosaenbacher  and  Asher.  "Zentralblatt  f.  Physiol,"  No.  12,  1908. 

t  Consult  Jones  and  Austrian,  "Zeitschrift  f.  physiol.  Chem.,"  1906, 
ii.,  110. 


CHAFrER  XLV. 

THE  KIDNEY  AND  SKIN  AS  EXCEIETORY^ 

Structure  of  the  Kidney. — The  kidney  is  a  corDpo\ui« 

gland.    The  urimferous  tubules  composing    it  may 
separated  into  a  secreting  part  comprising  the  capsule 
tubes,  and  loop  of  Henle,  and  a  collecting  part,  the  i 
or  collecting  tube,  the  epitheliuni   of    which    is 
have  any  secretory  function.     Within  the  secreting  part  i 
hum  differs  greatly  in  chanxcter  in  different  regions ;  its  ] 
may  be  referred  to  briefly  here  so  far  as  they  seem  to  J 

D         E 


FiiS'  298, — Porlions  of  the  VArimis  di visions  of  the  ttriniftftrDiiB  IttbcdM 
■ectiona  of  huinan  kidney:  A,  Midplgbian  bcKjy:  x,  »quamou«  epitbelivini  1m 
•ul«  and  jrefl€'{*t«d:  i>v«r  the  KJomenuiui;  y,  f,  nfierent  and  ( 
Duelei  of  capillaries;  n,  coiietricted  neok  markins  pnwnagt  of  e 
blUei  B,  proximal  oonvQlut«d  tubule;  C.  irresular  tobttie;  D  And 
aaoeodiriir  limb  of  Haole'a  Joop;  G,  stmijriit  eoUectiag  tubule.— (/>m 


logical  bearing,  although  for  a  complete  description  refi 
be  made  to  works  on  histology. 

The  arrangement  of  the  glandular  epithelium  in  the  ( 
reference  to  the  lilood- vessels  of  the  glomenilus  is  worthy  < 
attention.  It  will  be  rememl>ered  that  each  Malpighian  eorpi 
Bists  of  two  principal  parts,  a  tuft  of  blood-vessels,  the  gfc 
an  enveloping  expansion  of  the  uriniferous  tubule,  the  \ 
glomerulus  is  an  interesting  structure  (see  Fig,  298, 
of  a  small  afferent  artery  which  after  entering  theglc 
up  into  a  nurabsr  of  capillaries.    These  capiUanes,  alt 
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together,  do  not  anastomose,  and  they  unite  to  form  a  single  efferent 
\dn  of  a  smaller  diameter  than  the  afferent  artery.  The  whole 
structure,  therefore,  is  not  an  ordinary  capillary  area,  but  a  rete 
mrcinky  and  the  physical  factors  are  such  that  within  the  capil- 
laries of  the  rete  there  must  be  a  greatly  diminished  velocity  of  the 
blood-stream,  owing  to  the  great  increase  in  the  width  of  the  stream 
bed,  and  a  higher  blood-pressure  than  in  ordinary  capillaries, 
owing  to  the  narrow  afferent  vessel  and  the  capillaries  of  the  tubule 
which  form  a  resistance  beyond  the  rete.  Surrounding  this 
gkunerulus  is  the  double-walled  capsule.  One  wall  of  the  cap- 
sule is  closely  adherent  to  the  capillaries  of  the  glomerulus;  it 
not  only  covers  the  structure  closely,  but  dips  into  the  interior 
between  the  small  lobules  into  which  the  glomerulus  is  divided. 
This  layer  of  the  capsule  is  composed  of  flattened,  endothelial- 
like  cells,  the  glomerular  epithelium,  to  which  great  importance 
is  attached  in  the  formation  of  the  secretion.  It  will  be  no- 
ticed that  between  the  interior  of  the  blood-vessels  of  the  glomerulus 
•nd  the  cavity  of  the  capsule,  which  is  the  beginning  of  the  urin- 
iisious  tubule,  there  are  interpx)sed  only  two  very  thin  layers, — 
osmety,  the  epithelium  of  the  capillary  wall  and  the  glomerular 
Cfxtbdium.  The  apparatus  would  seem  to  afford  most  favorable 
conditions  for  filtration  of  the  liquid  parts  of  the  blood.  The  epi- 
tbefium  clothing  the  convoluted  portions  of  the  tubule,  including 
under  this  designation  the  so-called  irregular  and  spiral  portions 
fndthe  loop  of  Henle,  is  of  a  character  quite  different  from  that  of 
ftegbmerular  epithelium  (Fig.  298,  B,  C,  D,  E,  F,  G).  The  cells, 
Hwldng  generally,  are  cuboidal  or  cylindrical,  protoplasmic,  and 
innular  in  appearance;  on  the  side  toward  the  basement  mem- 
htoe  they  often  show  a  peculiar  striation,  while  on  the  lumen  side 
fte  extreme  periphery  presents  a  compact  border  which  in  some 
ttfles  shows  a  cilia-like  striation.  These  cells  have  the  general 
•Bpearance  of  an  active  secretory  epithelium,  and  one  theory  of 
'"rinaiy  secretion  attributes  this  function  to  them. 

The  Secretion  of  Urine. — The  kidneys  receive  a  rich  supply 
^  nerve  fibers,  but  most  histologists  have  been  unable  to  trace  any 
^nnection  between  these  fibers  and  the  epithelial  cells  of  the  kidney 
tubules. 

The  majority  of  purely  physiological  experiments  upon  direct 
•tinulation  of  the  nerves  going  to  the  kidney  are  adverse  to  the 
^Heory  of  secretory  fibers,  the  marked  effects  obtained  in  these  ex- 
t^iments  being  all  explicable  by  the  changes  produced  in  the  blood- 
^Ow  through  the  organ.  Two  general  theories  of  urinar>'  secretion 
'^ve  been  proposed.  Ludwig  held  originally  that  the  urine  is 
Ormed  by  the  simple  physical  processes  of  filtration  and  diffusion. 
^  the  glomeruli  the  conditions  are  most  favorable  to  filtration,  and 
^e  supposed  that  in  these  structures  water  filtered  through  from  the 
52 
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blood,  carrying  with  it  not  only  the  inorganic  salt«»  biM 
specific  elements  (urea,  etc.)  of  the  secretion*  There  wi 
formed  at  the  l:>egiiining  of  the  uriniferous  tubules  a  comp' 
diluted  urine,  and  in  the  sui>sequent  passage  of  this  liquid  al 
convoluted  tubes  it  became  concentrated  by  diffusion  with  t 
concentrated  l>inph  surrounding  the  outside  of  the  tubules 

Bowman's  tbeor>^  of  urinary  secretion,  which  has  dn 
vigorously  siip|x»rted  and  extended  b>'  Heidenhain,  was  bafl 
inally  mainly  on  histological  groimds.  It  aasumes  that 
glooienili  wat^r  and  inorganic  salts  are  produced,  wliile  t 
and  related  bodies  are  eliminated  through  the  activity  of 
thclial  cells  in  the  convoluted  tul>es. 

The  first  of  these  theories  (Ludwig)  is  sometimes  spck 
the  mechanical  theor>%  since  as  originally  proposed  it  at 
to  explain  the  formation  and  composition  of  the  urine  by  i 
only  to  the  physical  forces  of  filtration  and  diffusion.*  A< 
of  this  view  in  recent  yean^  have  modified  it,  however,  to  th 
that  the  absorption  supposed  tu  take  place  in  the  convolii 
ules  is  designated  as  a  selective  absorption,  or  selective  cliff ui 
characteristics  of  w^hich  depend  upon  unknown  peculiaritiet< 
ture  in  the  epithelial  cell,  so  that  it  is  no  longer  a  purely  niff 
theory.  The  diffprence  between  the  mechanical  and  the  n 
theories  may  be  stated  l>riefi}'  in  tliis  way,  ITie  former  aasui 
in  the  gloniendus  all  of  the  constituents  of  the  urine  are  j 
from  the  blood,  probably  by  filtration,  and  that  the  functic 
epithelium  lining  the  convoluted  tubules  is  abeorptive, 
epitheliimi  of  the  intestines,  and  not  secretory.  The  Bown 
as  formulat^^  by  Heidenhain  te^iches  that  the  glomenilai 
liuin  forms  the  water  and  salts  of  the  urine  by  an  act  of  a 
the  ultimate  chemistry  or  physics  of  which  is  not  know 
theor>'  asserts  that  the  epithelial  cells  participate  activeli 
process  of  secretion  and  do  not  serve  simply  as  a  passive  cm 
The  cells  of  the  convolutefl  tubules  are  also  secretory,  thit: 
activity  being  hmited  mainly  to  the  organic  constituc^  •  -■' 
although,  in  this  respect, — ^namely,  in  the  precise 
tween  the  secretory  products  of  the  glomenilar  epithehum  m 
of  the  convoluted  tubules,— the  theor}'  is  not  ver\'  explicif 
intei'est  and  a  large  literature  have  been  stimulated  by  co 
sies  based  on  these  theories,  and  to-day  the  facts  accutxnili 
not  such  as  to  tlemonstratc  conchisively  one  view  or  til 
f  although,  on  the  whole,  perhaps,  it  may  be  said  that  the  nm 

*  Sir  Liiuder  Bnmton  ciilb  iny  attention  to  I  he  faot  thai  Ludwii 
of  hJ8  i^uriifT  invfsriitMtiona  {Ustirnowit^rhT  Lududj5*s  *V\rtjeil<ii 
recogniEed  the  iiivi  that  the  flow  of  urine  through  the  ^W^r,,.vr^Ji  ^l 
by  factors  othcT  than  the*  merhaniciil  presmre.     He  call  in 

to  the  influejice  of  the  diuretic  subslaoceH  prearrit  in  1 1 , 
and  aodium  chlorid. 


KIDNEY   AND   SKIN   AS   EXCRETORY  ORGANS.  819 

physiologists  adhere  to  the  more  conservative  view  of  Bowman- 
Heidenhain  to  the  extent  at  least  of  recognizing  that  the  physical 
kw8 of  filtration,  diflFusion,  and  imbibition,  so  far  as  they  are  known, 
do  not  suffice  for  a  satisfactory  explanation  of  the  facts.*  As  in 
other  similar  cases,  our  knowledge  of  the  physical  structure  and 
ehoaoical  properties  of  the  walls  of  the  living  cells  is  still  very  de- 
fieie&t,  and  it  seems  necessary  to  designate  these  activities  by  the 
indefinite  term  secretion. 

Function  of  the  Glomerulus.— As  stated  above,  the  structure 
of  the  glomerulus  is  peculiar  and  suggestive  of  a  special  adaptation. 
Hie  mechanical  theory  looks  upon  it  as  a  filter,  the  pressure  of  the 
Uood  m  the  glomerular  capillaries  driving  the  water  and  salts 
Arooi^  the  endothelium  of  the  capillaries  and  the  glomerular  epi- 
thelium into  the  cavity  of  the  urinary  tubule.  If  we  consider 
€nty  the  water  and  assume  that  the  membranes  traversed  are  freely 
pomeable  to  its  molecules,  then  it  is  evident  that,  upon  this  theory, 
the  quantity  of  urine  formed  will  depend  upon  the  filtration  pres- 
inre,  and  that  this  filtration  pressure  can  be  expressed  by  the  formula 
'"P— p,  in  which  P  represents  the  blood-pressure  in  the  glom- 
cndar  cajnllaries  and  p  the  pressing  of  the  urine  in  the  capsular 
end  of  the  uriniferous  tubules.  Some  of  the  interesting  facts  de- 
^'rioped  by  experiment  may  be  presented  in  connection  with  this 
foonula.  According  to  the  mechanical  theory,  the  amoimt  of  mine 
fooned  should  vary  directly  with  P  and  inversely  with  p.  The 
fcrtor  P  may  be  increased  in  two  general  ways:  First,  by  those 
changes  which  raise  general  arterial  pressure  and  therefore  the 
pRMre  in  the  renal  arteries, — such  changes,  for  instance,  as  are 
DRMi^t  about  by  an  increased  force  of  heart  beat  or  a  lai^  vaso- 
•Wiiction.  Second,  by  obstructing  or  occluding  the  renal  veins. 
Kpeiiments  have  been  made  along  these  lines.  With  regard  to 
Jhe  first  possibility  it  has  been  found  in  general,  although  not  invar- 
jahly.that  raising  arterial  pressure  increases  the  quantity  of  urine 
vthe  means  used  are  such  as  may  be  assumed  to  raise  the  pressure 
•*  the  glomerular  capillaries. 

The  reverse  experiment,  however,  of  raising  P  by  blocking  the 
'tens  outflow  fails  entirely  to  support  the  theory.  When  the  renal 
'^ins  are  compressed  the  capillary  pressure  in  the  glomeruli  must 
'^increased,  and,  if  the  veins  are  blocked  entirely,  we  may  suppose 
hat  the  capillary  pressiu^  is  raised  to  the  level  of  that  of  the  renal 
tteries.  In  such  experiments,  however,  the  flow  of  urine  is  di- 
tinished  instead  of  being  increased,  and  indeed  may  be  stopped 
Itogether  when  the  veins  are  completely  blocked.  The  adherents  of 
le  mechanical  theory  have  attempted  to  explain  this  unfavorable 
mit  by  assuming  that  the  swollen  interlobular  veins  press  upon 

•For  discuasion  and  literature  see  Magnus,  "Mlinchener  med.  Wochen- 
Ittift,"  1906,  No8.  28  and  29. 
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and  block  the  uriniferous  tubules.  According  to  the  anl 
theory  of  Heidenhain,  blocking  the  veins  suppresses  the 
activity  of  the  glomerular  epithelium  by  depriving  it  of  oxygen 
the  chaoce  for  removal  of  CO,, — ^that  is,  by  producing  loeal 
phyxia.  The  latter  explanation  t^eems  the  simpler  of  the  two, 
is  ver\^  strongly  supported  by  the  opposite  experimeni  of  cli 
the  renal  arter>%  Wlien  this  is  done  the  blood-flow  thraugh 
kidney  ceases  and  the  secretion  of  urine  also  stx)pe,  as 
expected.  But  when  after  a  few  minutes'  closure  the 
clamped,  the  secretion  is  not  restored  with  the  return  of  the 
culation.  On  the  contrar}%  a  long  time  (as  much  as  an  hour  or 
may  elapse  Ijefore  the  secretion  begins.  This  fact  is  quite  in 
with  the  lleidenhain  theorv%  since  complete  removal  of 
supply  might  well  result  in  a  long-continued  injury  to  the' 
epithelial  cells.  On  the  mechanical  theor>*,  howe^^er^  we 
expect  a  contrary  result.  Injury  to  the  cells  should  be  foil* 
greater  pernieal>ility  and  an  increased  filtration,  as  is  found 
the  case  wth  the  production  of  lymph.  These  two 
blocking  the  renal  arter}'  and  the  renal  vein,  seem  at  present  to 
credit  the  filtration  theory  and  to  support  the  aecrstion 
If  we  accept  tins  latter  theor>'  it  may  be  asked  how  it 
the  experiments  jnentioned  alxjve  u|X)n  the  variations  in 
pressure  brought  about  otherwise  than  by  obstructing  the 
outflow.  Heidenliain  has  einplia&ized  the  fact  that  all  of  thfl» 
periments  involve  not  only  a  variation  in  capillary  pressure^  but 
in  the  blood-flow,  and  that  it  is  ofien  to  us  to  suppofie 
effect  ujxm  the  secretion  of  urine  Is  dependent  upon  tlie 
rather  than  u|x)n  the  capillary^  pressure.  If  we  adopt  thii 
nation  we  are  led  again  to  the  secretion  hypothesia,  Meie 
flow  should  not  influence  filtration,  but  might  affect  secretkm, 
it  would  after  the  volume  of  blood  which  passed  by  the  cdb 
given  time  and  thereliy  would  vary  the  quantity  of  ox}*geo 
plied  anil  of  carljon  dioxid  removed,  and  also  the  quantity  of  cb* 
ical  substances  in  the  lilood  which  may  act  as  chemical  ^imuS^^ 
the  ceils.  An  nnpi>rtant  fa{*t,  which  seems  at  first  sight  tosl<^* 
direct  influence  of  pressure,  is  that  when  general  arterial  pm**^ 
falls  below  a  certain  p()int,  about  40  mm.  of  mercury,  the  secnft^ 
of  urine  ceases  altogether.  Such  a  condition  may  be  brou^tiW 
by  surgical  shock,  by  hemorrhage,  or  by  section  of  the  spinal  «rl* 
the  cervical  or  thoracic  region.  But  here  again  the  great  vi*^''^ 
dilation  causing  this  fall  of  pressure  is  associated  with  a  feeble <•• 
culation»  and  the  effect  upon  the  kiclney  secretion  may  weBbeii 
to  this  latter  factor. 

In  addition  to  varying  the  factor  P  in  the  fcnroula  given  i^w^ 
it  is  possi!*le  also  to  inrrease  tiie  factor  p.   NormaUy,  the  pn^*^ 
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of  the  urine  in  the  capsule  must  be  very  low,  owing  to  the  fact  that 
the  secretion  drains  away  as  rapidly  as  it  is  formed.  If  the  ureter 
IB  occluded,  however,  the  pressure  of  the  urine  will  increase,  and  the 
filtration  pressure  P — p  will  diminish.  When  this  experiment  is 
performed  and  the  pressure  in  the  ureter  is  measured  by  a  manom- 
eter, it  is  foimd  to  rise  to  50  or  60  mms.  of  mercury  and  then  to 
lemain  stationary.  This  fact  might  be  explained  by  supposing 
that  when  p  =  P  the  secretion  stops  on  account  of  the  failure  of 
the  filtration  pressure.  Little  weight,  however,  can  be  given  to 
this  argument,  since  it  is  quite  possible  that  under  these  condi- 
tioiis  the  urine  may  still  continue  to  form,  but  be  reabsorbed  under 
the  high  tension  reached.  The  experiment  simply  serves  to  show 
the  secretion  pressure  of  the  urine,  and  the  fact  that  this  pressure 
riw  as  high  as  50  to  60  mms.  mercury,  while  the  capillary  pressure 
B  probably  somewhat  lower,  would  rather  serve  as  an  argument 
•gainst  the  filtration  theory.  Moreover,  experiments  show  *  that 
'ri^  a  certain  moderate  resistance  is  established  in  the  ureters 
(p  =  10  cms.  HjO)  the  flow  of  urine  is  actually  increased  instead 
of  falling  ofif ,  a  fact  entirely  opposed  to  the  mechanical  theory. 

Fnnctioii  of  the  Convoluted  Tubule. — By  the  term  convoluted 
ttthule  is  meant  here  the  entire  stretch  from  the  glomerulus  to  the 
>Mght  tubules.  Its  epithelium  varies  in  character;  its  cells  are 
tfirtinguished  in  general,  as  contrasted  with  the  glomerular  epithe- 
fcun,  by  a  relatively  large  amount  of  granular  protoplasm.  The 
jpestion  of  interest  at  present  in  regard  to  this  epithelium  is  whether 
^  is  secretory  or  absorptive.  The  original  view  of  Ludwig  that 
Effusion  takes  place  in  these  tubules  between  the  urine  and  the 
Wood  (Ijrmph)  in  accordance  with  simple  physical  laws  and  that 
ly  this  action  alone  the  dilute  urine  is  brought  to  its  normal  concen- 
taition  must  be  abandoned.  The  mere  fact  that  the  urine  may  be 
■jwe  concentrated  in  certain  constituents  than  the  blood  is  suffi- 
cient evidence  that  other  factors  must  co-operate.  Those  who  be- 
fcve  that  the  main  function  of  the  tubules  is  absorptive  are  obUged 
^  i^rd  this  process  as  physiological,  as  a  selective  absorption 
Spending  upon  the  living  structure  and  properties  of  the  epithelial 
^.  The  kind  of  evidence  upon  which  this  view  is  based  is  some- 
what indirect;  a  single  example  may  suffice.  Cushny  statesf  that 
f  certain  diuretics — ^for  example,  sodium  chlorid  and  sodium  sul- 
phate— are  injected  simultaneously  into  the  blood  and  in  such 
l&ounts  that  an  equal  number  of  the  anions  (CI  and  SO^)  are  pres- 
tit,  the  quantities  that  are  excreted  in  the  urine  during  the  next 
our  or  two  follow  different  curves  and  vary  independently  of  their 
>neentration  in  the  plasma.    While  this  independence  might  be 

♦  Brodie  and  CuUis,  "Journal  of  Physiology,"  1906,  xxxiv.,  224. 
t  "Journal  of  Physiology,"  27,  429,  1902. 
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referred  to  a  specific  j^cretory  auction,  the  author  finds  a ! 
explanation  in  variations  in  absorption,  the  epithelium  of  t 
voluted  tubule,  like  that  of  the  intestine,  absorbing  the  a 
with  more  difficulty*  On  the  other  side,  the  facts  that  ha^ 
lu^ed  in  favor  of  the  secretor}^  hypothesis  are  more  numen 
varied,  but  none  is  entirely  convincing.  Some  of  these  fa 
as  follows:  (1)  It  is  stated  that  if  the  ureters  are  ligated  i 
the  urates  vnW  \>e  found  depositefl  in  the  uriniferous  tubu 
never  at  the  cai>sular  end.  (2)  Heidenliain  haa  given  pit 
the  convoluted  tubules  are  capable  of  excreting  indigo-«&mi 
this  substance  is  injected  into  the  blood*  His  experiment  o 
essentially  in  injecting  the  material  into  the  blood,  after  i 
the  cord  so  as  to  reduce  the  rapidit\'  of  secretion.  After  a 
interv^al  the  kidne}'  was  removed  and  irrigated  with  alcohol 
cipitate  the  indigo-cannin  in  sUu  in  the  organ.  Microscof 
aniination  showed  that  after  this  treatment  the  granukfi 
indigo-camiin  are  found  in  the  convoluted  tubules,  but  DQi 
capsules  around  the  glomeruli,  (3)  Microcheniicalfl 
indicate  that  tiie  iron  secreted  fnim  the  kifhie\^  as  well  ff 
acitl  is  given  off  through  the  epithelium  rtf  the  convoluted  1 

(4)  Several  observers  (Van  der  Stricht,  Dis^e,  Trambaisl 
witsch*)  have  descriljed  microscopical  appearances  in  i 
lining  the  tubules  indicative  of  an  active  secretion*  They 
the  formation  of  vesicles  in  the  cells  iind  appearances  whi 
cate  the  discharge  of  these  vesicles  into  the  cavity  of  the ' 

(5)  Nussbaum  made  use  of  the  fact  that  in  the  frog  the  gj 

are  supplied  by  branches  of  the  reniil  artery,  while  the  rw 

tubes  are  supplied  by  the  renal  portal  vein.     He  stated  thi 

renal  artery  is  Hguted  the  glomeruli  are  deprived  eompi 

ijloodt  and  tliat  as  a  result  the  flow  of  urine  ceases,     I 

these  conditions  urea  is  injecteil  into  the  circulation,  it  is<! 

together  with  some  water,  thus  proving  the  secretory  act 

the  tubules  with  regard  to  urea-     These  re^^ults,  although 

at   one   time,    have    later   been    confirmed    and   extendec 

Dreser  has  shown  that  the  acidity  of  the  urine  is  due  to  ai 

of  the  epithelium  of  the  tulmles.     If  an  acid  indicalor, 

acid  fuchsin,  is  injected  hito  the  dorsal  lyniph-*^c  of  a  frog, 

hour  or  so  later  the  kidneys  are  examined,  it  will  be  found  I 

convoluted  tulmles  are  coloreil   retl,   while  the  capsular 

colorleas,  indicating  that  the  serretion  at  the  latter  point 

alkaline  reaction.     The  ex|>eriment  shows  that  the  acid  sub 

in  the  urine  are  produced  in  the  convoluterl  tubuteaw    Tl 

plest  explanation  is  that  they  are  formeti  by  a  secretary  I 

•  Sc?e  Gurwitsch,  'Wrchiv  f.  die  ^Gsatnnit^  Physiologie,'*  91,  7\,  I< 

t  Baiiibridge  and  Beddard,  ''Journal  of  Physiology,''  lOOfi,  xixn 

Physiol.  Soc.);  also  CuUis,  ifrit/.,  p.  250. 
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rf  the  epithelial  cells.  (7)  Studies  of  the  gaseous  exchanges  in  the 
ridney  during  diuresis*  and  during  the  glycosuria  caused  by 
)hlorhizint  tend  to  support  the  secretion  hypothesis  to  the 
Bitent  that  they  prove  an  increased  metabolism  during  func- 
tional activity.  (8)  The  action  of  diuretics  (see  below).  On  the 
whohy  it  must  be  admitted  that  the  weight  of  evidence  is  in  favor 
>f  the  Bowman-Heidenhain  theory  of  secretion,  and  it  remains 
w  future  investigations  to  explain  more  definitely  what  is  meant 
>y  the  obscure  term  "  secretory  activity." 

It  is  possible  that  the  first  step  in  a  process  of  this  kind  may  be  a 
shemical  combination  between  some  substance  in  the  cell  and  the 
xuiterial  excreted.  In  some  interesting  observations  upon  trans- 
wrent  marine  heteropods,  Cohnheimf  has  followed  microscopically 
ihe  secretion  by  the  kidney  of  a  dye  (neutral  red)  which  was  in- 
ected  into  the  body-cavity  in  slightly  alkaline  solution.  As  in- 
ccted  the  solution  was  yellow  in  color,  but  in  a  few  minutes  the 
ddney  was  stained  a  bright  red,  indicating  that  the  dye  had  formed 
I  salt  wi€h  some  constituent  of  the  kidney  cells.  By  such  means 
t  is  conceivable  that  the  material  to  be  eliminated  is  first  stored  in 
ite  epithelial  cells  and  is  subsequently  dissociated  and  excreted. 

Action  of  Diuretics. — An  important  side  of  the  theories  of 
ccretion  of  urine  is  their  application  to  the  action  of  diuretics, 
^ater;  various  soluble  substances,  such  as  salts,  urea,  and  dextrose; 
^  certain  special  drugs,  such  as  caffein  or  digitalis,  exert  a  diuretic 
iction  on  the  kidneys.  Much  experimental  work  has  been  done 
^ascertain  whether  the  action  of  these  substances  can  be  explained 
nechanically  by  their  influence  on  the  blood-flow  or  the  blood- 
»«88ure  in  the  kidney  capillaries,  or  whether  it  is  necessary  to  fall 
*ck  upon  a  specific  stimulating  effect  exerted  by  them  upon  the 
spithelial  cells  of  the  tubules.  Adherents  of  the  original  Ludwig 
^ly  are  forced  to  explain  their  action  by  the  effect  they  pro- 
hce  upon  the  pressure  in  the  kidney  capillaries,  and,  indeed,  it 
^  been  shown  with  reference  to  the  saline  diuretics  that  their 
effect  upon  the  secretion  is  in  proportion  to  the  osmotic  pressure 
'^  exert.  It  has  been  suggested,  therefore,  that  the  action  of 
''^cse  diuretics  lies  in  the  fact  that  they  attract  water  from  the  tis- 
^^  mto  the  blood  and  thus  cause  a  condition  of  hydremic  plethora. 
yt  whether  the  elimination  of  this  excess  of  water  is  due  to  filtra- 
*^0  or  to  an  active  secretion  by  the  glomerular  epithelium  is  a 
^^estion  that  revives  the  discussion  that  has  been  presented  briefly 
^ve.    Most  observers  find  that  the  vascular  changes  in  the  kid- 

•  Barcroft  and  Brodie,  "Journal  of  Physiology,'*  1906,  xxxiii.,  52. 
tPavy,  Brodie,  and  Siam,  ibid.,  1903^  xxix.,  467. 

1  Cohiiheim,  "Sitzungsberichte  d.  Heidelberger  Akadeniie  d.  Wissenschaf- 
f,"  July,  3,  1912. 
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ney,  partieularly  after  the  adniimstration  of  caffein  and  digitalis^ 
do  not  explain  satisfiietorily  the  phenonienon  of  diuresis,  aUhoufh 
it  is  necessary  to  admit  that  the  diuretirs,  or  some  of  them,  ad 
in  part  by  the  changes  which  they  cause  in  the  circulation  in  the 
kidney.  It  has  been  shown,  for  example,  that  some  diuretics  am 
an  increa^sed  flow  of  urine  witliout  iiffecting  the  amount  of  r^xypi 
absorbed  from  the  blood  hy  the  kidney.  Others,  however,  caairi 
distinct  incrcfise  in  the  oxygen  consumption.  Since  the  axjf^ 
consumption  may  be  considered  as  an  indication  of  cellular  activity. 
this  result  would  tend  to  show  that  some  diuretics  may  catisp  I 
genuine  secretion,  while  others  influence  the  amount  of  ttriw 
through  mechanical  or  phjnsical  influences  alone.*  In  the  casrrf 
the  inorganic  salts  it  may  be  said  (Miignus)  that  there  is  k%re6A\ 
salt  a  **secretion  threshold/'  An  increase  in  concentratiuo  alicw* 
this  level  leads  to  the  elimination  of  the  excess  of  salt  tind  aailK 
creased  speretii>n  of  water. 

The  Blood-flow  through  the  Kidneys.— It  will  be  mfeRd 
from  the  discussion  above  that,  other  conditions  remaining  the  suw, 
the  secretion  of  the  kidney  varies  with  the  quantity  of  blood  BowTUf 
through  it.  It  is,  therefore,  important  to  refer  briefly  to  the  n^tict 
and  especially  the  regulation  of  the  blood-flow  through  this  orpa. 
although  the  same  subject  is  referred  to  in  connection  witk  tb 
general  description  of  vasomotor  regulation  (see  Circulation).  H 
has  been  show^n  by  I^ndergrenf  and  Tigerstedt  that  the  kidna' 
is  a  ver>^  vascular  organ,  at  least  when  it  is  in  strong  functional  w'tiv- 
ity  such  as  may  be  produced  by  the  action  of  diuretics.  They  ciW- 
mate  that  in  a  minute's  time,  under  the  action  of  diuretics,  an  amouBt 
of  blood  flows  through  the  kidney  equal  to  the  w*eight  of  the  orciai 
this  is  an  amount  from  four  to  nineteen  times  as  great  a- 
the  average  supply  of  the  other  organs  in  the  systemic  c 
Taking  both  kidneys  into  account,  their  figures  show^  that  (in  ^u  ^^ 
diuresis)  5.6  per  cent,  of  the  total  quantit}^  of  blood  sent  out  ui^ 
left  heart  in  a  minute  may  i>ass  through  the  kidne>'8,  althcM^  tk 
comhined  weight  of  these  organs  makes  only  0.56  per  c^nt.  of  thU 
of  the  hudy  (see  table  p.  475). 

The  nature  of  the  supph'  of  vasomotor  nen'^es  to  the  kidnc}'  sol 
the  conditions  which  bring  them  into  activity  are  fairly  wffl  Vw^^ 
owng  to  the  useful  invention  of  the  oncometer  liy  Roy,    Thi-  ' 
strument   is,   in   principlct   a   plcthysmograph   especially  modiU    J 
for  use  upon  the  kidney  of  the  living  animal.     Ii  is  a  kidoeyHtepoI  J 
box  of  thin  brass  made  in  two  parts,  hinged  at  the  back,  and  i«Am 
a  clasp  in  front  to  hold  them  together.    In  the  int^or  of  the  ***^ 

*  Barcroft  and  Htrayh,  ibi^i.,  1910,  xU.,  213.  I 

t  'V'^kandinavische^  Arcbiv  f  Physiologie,"  4,  241,  1802. 
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in  peritoneal  membrane  is  so  fastened  to  each  half  that  a  layer 
'  oHve  oil  may  be  placed  between  it  and  the  brass  walls.    There 

thus  formed  in  each  half  a  soft  pad  of  oil  upon  which  the  kidney 
8tB.  When  the  kidney,  freed  as  far  as  possible  from  fat  and  sur- 
Ni&ding  connective  tissue,  but  with  the  blood-vessels  and  nerves 
itering  at  the  hilus  entirely  uninjured,  is  laid  in  one-half  of  the  on- 
ometer,  and  the  other  half  is  shut  down  upon  it  and  tightly  fas- 
sned,  the  organ  is  surrounded  by  oil  in  a  box  which  is  liquid-tight 
t  every  point  except  one,  from  which  a  tube  is  led  off  to  some  suitable 
Moider  such  as  a  tambour.  Under  these  conditions  every  increase 
I  the  volume  of  the  kidney  causes  a  proportional  outflow  of  oil 
wm  the  oncometer,  which  is  measured  by  the  recorder,  and 
▼ay  diminution  in  volume  is  accompanied  by  a  reverse  change. 
Lt  the  same  time  the  flow  of  urine  during  these  changes  can  be 
etennined  by  inserting  a  cannula  into  the  ureter  and  measuring 
bectly  the  outflow  of  urine.  By  this  and  other  means  it  has 
een  shown  that  the  kidney  receives  a  rich  supply  of  vasoconstrictor 
erve  fibers  that  reach  it  between  and  around  the  entering  blood- 
Qaiels.  These  fibers  emerge  from  the  spinal  cord  chiefly  in  the 
»Wer  thoracic  spinal  nerves  (tenth  to  thirteenth  in  the  dog),  pass 
itough  the  sympathetic  system,  and  reach  the  organ  as  postgan- 
S<mic  fibers.  Stimulation  of  these  nerves  causes  a  contraction  of 
ie  small  arteries  of  the  kidney,  a  shrinkage  in  volume  of  the  whole 
Ipm  as  measured  by  the  oncometer  (see  Fig.  240),  and  a  dimin- 
bed  secretion  of  urine.  When,  on  the  other  hand,  these  con- 
rictor  fibers  are  cut  as  they  enter  the  hilus  of  the  kidney,  the  ar- 
«M8  are  dilated  on  account  of  the  removal  of  the  tonic  action  of 
c  constrictor  fibers,  the  organ  enlarges,  and  a  greater  quantity 

blood  passes  through  it,  since  the  resistance  to  the  blood-flow  is 
mimshed  while  the  general  arterial  pressure  in  the  aorta  remains 
actically  the  same.  Along  with  this  greater  flow  of  blood  there 
a  marked  increase  in  the  secretion  of  urine. 

Under  normal  conditions  we  must  suppose  that  these  fibers  are 
ought  into  play  to  a  greater  or  less  extent  by  reflex  stimulation, 
d  thus  serve  to  control  the  blood-flow  through  the  kidney  and 
eieby  influence  its  functional  activity.  It  has  been  shown,  too, 
%t  the  kidney  receives  vasodilator  nerv^e-fibers, — that  is,  fibers 
deh  when  stimulated  directly  or  reflexly  cause  a  dilatation  of 
3  arteries,  and  therefore  a  greater  flow  of  blood  through  the  or- 
0.  According  to  Bradford,  these  fillers  emerge  from  the  spinal 
d  mainly  in  the  anterior  roots  of  the  eleventh,  twelfth,  and  thir- 
nth  thoracic  spinal  nerves.  Under  normal  conditions  these  fibers 

probably  thrown  into  action  by  reflex  stimulation  and  lead  to 
increased  functional  activity.    It  will  be  seen,  therefore,  that  the 
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kidneys  possess  a  lofal  nervoiLs  meehanism  through 
secreton^  activ'ity  may  he  increaaefl  or  diniinishecl  by 
ing  alteriitir)ns  in  the  blood-supply.  So  far  ad  is  known,  tW 
only  wa\'  in  which  the  secretion  in  the  kidneys  can  be  diw 
fected  by  the  central  ner\'ous  system.  It  should  be  borne  t 
also,  that  the  blood-flow  through  the  kidneys,  and  therefc 
secretorv'  activity,  may  l>e  affected  hy  conditiorus  influencing 
arterial  pi*essiire-  Conditions  such  as  asphyxia,  strvxhnin 
ing,  or  {.minful  stimulation  of  sensorv^  nerves,  which  caujse  a 
vasoconstriction  ^  influence  the  kidney  in  the  same  way,  ai 
therefore,  to  diminish  the  flow  of  hlmxi  tlm>ugh  it;  while  CO 
which  lower  general  arterial  presstire,  sucli  as  general  vaseu 
tation  of  the  skin  vessels,  may  also  depress  the  secretory  a 
the  kiilney  by  diminishing  the  ainoimt  of  blood  flomng  thi 

In  what  way  am'  given  change  in  the  vascular  conditior 
body  will  influence  the  secretion  of  ttie  kidney  depends  upon 
her  of  factors  and  their  relations  to  one  another,  but  any 
which  will  increase  the  difference  in  pressure  l>etween  the  I 
the  renal  artery  and  the  renal  vein  will  tend  to  augment  i 
of  blood  unless  it  is  antagonized  by  a  simultaneous  ct)nstri 
the  small  arteries  of  the  kidney  itself.  ( >n  the  contraryv  I 
cular  dilatation  of  the  vessels  in  the  kidney  will  ttmd  to  : 
the  blootl-flow  through  it  unless  there  is  at  the  same  tiHH 
general  fall  of  !ilood- pressure  as  is  sufficient  tn  lower  the  j 
in  the  renal  artery  and  i*ethiee  the  driving  force  of  the  bUx 
extent  that  more  than  cfmnteracts  the  favorable  influenced 
ished  resistance  in  its  small  arteries.  Althougli  the  kidn 
not  possess  s|iecific  secretor^^  nerve  fibers,  it  is  pi^ssible  tb 
may  be  formed  in  the  body  s|>ecific  chemical  excitants  or  (i 
belonging  to  the  general  giuup  of  hormones  (p,  763).  SchA 
shown  that  such  a  substance  occurs  normally  in  the  uenw 
of  the  pituitary  gland,  and  it  is  ixjssible  that  the  int^^mid  a 
of  this  lobe  may  play  toward  kidney  activity  a  role  similar 
of  the  cpineiihrin  towarti  muscular  metabolism.  ^ 

The  Composition  of  Urine. — ^The  urine  of  man  is  S 
liquid  that  varies  greiitly  in  depth  of  color.  It  has  a& 
sioecific  gravity  of  1.02*)  and  usually  an  acid  reacuon.  T 
reaction  is  attributed  generally  to  the  pr^ence  of  acid  pha 
particularly  acid  sodium  phosphate  (NaHjHJJ;  but,  ncecM 
Folin,t  the  acidity  i^  due  partially  and  indeed  in  laiger  ptf 
ganic  acids.  When  tested  by  the  usual  indicators  (UtiniiB) 
urine  may  show  an  alkaline  reaction,  and,  in  fact, 

•  Seharer  iind  Hprring,  ^Thil.  Trans/*  I1>0ft,  B,  cxcol,} 
t  "Ammniti  4  (n  in  ml  of  Phj'Biology,"  9,  265,  1003* 
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\Qj^eB^t:0e  that   the   reaction   may   vary   in   accordance   with   the 

cbarSLC^ter  of  the  food.    Among  camivora  the  urine  is  uniformly 

gii^,  ^Lnd  among  herbivora  it  is  alkaline  so  long  as  they  use  a  v^- 

etabl^   diet.    During  starvation,  however,  or  when  living  upon  the 

niotl^^iB'  milk, — ^that  is,  whenever  they  are  existing  upon  a  purely 

aiumal  diet — ^the  urine  becomes  acid.    The  general  explanation  of 

this  effect  of  food  that  has  been  suggested  (Drechsel)  is  that  upon 

an  animal  diet  more  acids  are  formed  (from  the  oxidation  of  the 

'    sulphur  and  phosphorus  of  the  proteins)  than  in  the  case  of  the 

veg^able  foods  in  which  the  alkaline  salts  of  the  vegetable  acids 

pve  rise  on  oxidation  in  the  body  to  alkaline  carbonates.    The 

kidney  separates  from  the  neutral  blood  and  lymph  the  excess  of 

:         acid  salts  and  thus  maintains  a  normal  balance  between  the  acid 

I         and  basic  equivalents  in  the  blood,  and  the  fact  that  on  an  ordinary 

^         mixed  diet  the  urine  has  an  acid  reaction  indicates  that  the  acids 

.  fonned  in  the  body  during  metabolism  must  exceed  the  bases.     It 

I         is  evident  from  this  consideration  that  the  kidneys  take  an  im- 

%         portant  part  in  maintaining  the  substantial  neutrality  of  the  blood. 

'i         The  kidneys  and  the  lungs  co-operate  in  this  function,  the  former 

t         by  the  secretion  of  acid  salts  and  organic  acids,  the  latter  by  the 

-         elimination  of  carbon  dioxid. 

»  The  composition  of  the  urine  is  very  complex.     In  addition  to 

the  water  and  inorganic  salts  the  following  elements  are  important, 

r        wunely,  urea,  the  purin  bodies  (uric  acid,  xanthin,  hypoxanthin), 

creatinin,  hippuric  acid,  oxalic  acid   (calcium  oxalate),  several 

conjugated  sulphates  and  con j  ugated  gly curonates,  several  aromatic 

i.        oxyacids  and  nitrogenous  acids,  fatty  acids,  dissolved  gases  (N 

ri,        and  CO,),  and  the  urinary  pigments  urochrome  and  urobilin.    This 

i        Hat  is  not  complete;  a  number  of  additional  substances  have  been 

-'        described  as  occurring  constantly  or  occasionally  in  traces  within 

.r-.        tte  limits  of  health,  and  some  substances  are  secreted  whose  compo- 

^^        ation  is  unknown.    Under  pathological  conditions  the  composition 

^        nuiy  be  still  further  modified.     The  complexity  of  the  composition 

o^y  be  understood  when  it  is  recalled  that  through  this  organ  are 

^t      fihninated  some  of  all  the  end-products  fonned  in  the  various  tis- 

^       f^  together  with  products  arising  from  bacterial  fermentation 

^  the  gastro-intestinal  canal  and  various  more  or  less  foreign  sub- 

^       Juices  taken  with  the  food.    It  is  not  possible  to  describe  all  the 

'0^      j^Umerous  constituents  that  have  been  observed.    Attention  may 

;i      °6  directed  to  those  that  quantitatively  or  otherwise   are  of  chief 

r'      Wiy^ological  interest. 

The  Nitrogen  Elimination  in  the  Urine. — Nearly  all  of  the  ex- 

^'^tion  of  nitrogen  occurs  in  the  urine.    In  the  metabolism  of  the 

/^'^al  foodstuffs — carbohydrates,  fats,  and  proteins — the  end-prod- 

^^^  of  their  destruction  or  physiological  oxidation  in  the  lx)dy  are 
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water,  carbon  dioxid,  and  nitrogenoos  wast^  productb  {il\i>\ 
and  phosphates  from  the  sulphur  anrl  phoi^phonis  in  the  pi 
The  water  is  eliminated  in  the  urine,  the  sweat,  flaliva,  etc.  imd 
expired  air.  The  CO^  is  eliminated  in  the  expired  air,  and  in  froi 
part  in  dissolved  form  in  the  secretions  (sweat,  urine).  The  ml 
enous  excretion,  representing  the  hi"eaking  do\\Ti  of  protein 
is  found  in  minute  part  in  the  sweat,  to  a  larger  extent  in  ll 
but  in  by  far  the  main  amount  in  the  virine.  In  all  problem* 
ceming  protein  metf\bolism  in  the  body.  Ixith  a^  refjard^  itH  rli 
acter  and  extent*  the  quantitative  study  of  this  excretion  i^of 
amount  importance.  Tu  order  to  determine  the  total  amouat 
protein  metabolism  it  is  customary'  to  determine  the  total  nil 
eliminated  in  the  urine,  without  rei^ard  to  its  specific  form. 
determination  is  made  usually  by  the  method  of  Kje!diihl 
total  weight  of  nitrogen  multiplied  liv  6.25  gives  the  amount  of 
tein  broken  down,  since  nitrogen  forms,  on  the  average.  J 6 
cent,  of  the  weight  of  the  pratein  molecule.  In  an  avei 
man  the  total  nitrogen  eliminated  in  a  day  varies,  let  us  say,  betn^ 
14  and  IS  gma,.  which  would  correspond  to  88  and  117  gms.  of  pp 
tein.  It  is  often  necessary  to  distir^uish  between  the  fomis ' 
which  this  nitrogen  is  eliminated,  and  the  following  distinctia 
are  made:  (1)  The  urea  nitrogen, — that  is,  the  nitrogen  elimiMH 
as  urea.  According  to  analyses  made  by  Folin/  the  urea  mtwf 
in  man  averages  87.5  per  cent,  of  the  total  nitrogen,  i2>  ThtU 
monia  nitrogen — that  is.  the  nitrogen  found  in  the  form  of  fl 
monia  salts  which  liberate  free  ammoma  on  tl»e  addition  of  &  fit 
alkali.  The  prop<jrtion  of  this  ammonia  nitrogen  often  rwi 
especially  under  pathological  conditions  affecting  tiie  liver, 
(juantitative  determination  is  a  matter  of  importance.  The  i^ 
age  amount  in  health  may  be  slated  (Fnlin)  as  4.3  percent. of 
total  nitrogen,  (3)  The  creatinin  nitrogen — ^that  is,  tha 
excreted  as  creatinin  and  indicative  of  a  special  (muBcular) 
olism  (3.6  per  cent,  of  total  nitrogen).  (4)  The  purin 
(uric  acid,  xanthin,  hyp<Kxanthin),  also  indicative  of  A 
metabolism.  (5)  The  unknown  nitrogen.  A  considerable 
of  the  nitrogen  is  eliminated  in  compounds  whose  eomp^«iti 
as  yet  has  not  been  determined  satisfactorily.  Aecordinf 
some  analyses  this  i>ortion  of  the  nitrogen  niay  amnani  t^" 
than  5  per  cent,  of  the  total  nitrogen.  The  so-c^ 
acid  constitutes  a  part  of  this  unknown  residue.  1 :,. 
substance  is  said  to  yield  leucin  and  other  amino  acids  on  h}'<i 
sis,t  a  fact  which  would  suggest  that  it  belongs  to  the  _ 
group  or  is  derived  from  a  protein ;  possibly  it  is  a  pol}T>''P^ 

*  "American  Pliysmloi^ical  Journal,"  13,  45,  1905. 

t  Coiwull  Ginshergt  Hofmc'L'5ter*s  '*BeitrS«e,"  10,  411,  ni07 
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Origin  and  Significance  of  Urea. — Urea  has  the  formula,  CO- 
JH,.    It  may  be  considered  as  an  amid  of  carbonic  acid,  and 

18,  therefore,  the  structural  formula  of  (XX^J^jj'.  It  occurs  in  the 
ine  in  relatively  large  quantities  (2  per  cent.).  As  the  total  quan- 
by  of  urine  secreted  in  twenty-four  hours  by  an  adult  male  may 
I  placed  at  from  1500  to  1700  c.c,  it  follows  that  from  30  to  34 
ns.  of  urea  are  eliminated  from  the  body  during  this  period.  It 
the  most  important  of  the  nitrogenous  excreta  of  the  body,  the 
lief  end-product,  so  far  as  the  nitrogen  is  concerned,  of  the  phys- 
Jogical  metabolism  of  the  proteins  and  the  albuminoids  of  the 
Kxis  and  the  tissues.  If  we  know  how  much  urea  is  secreted  in  a 
iven  period,  we  know  approximately  how  much  protein  has  been 
token  down  in  the  body  in  the  same  time.  In  round  numbers, 
gm.  of  protein  will  yield  J  gm.  of  urea,  as  may  be  calculated  easily 
t)m  the  amount  of  nitrogen  contained  in  each.  Since,  however, 
Mne  of  the  nitrogen  of  protein  is  eliminated  in  other  forms — uric 
Bid,  creatinin,  etc. — even  an  exact  determination  of  all  the  urea 
'  not  sufficient  to  determine  with  accuracy  the  total  amount  of 
rotein  of  all  kinds  that  has  been  metabolized.  This  fact  is  arrived 
t  more  perfectly,  as  stated  above,  by  a  determination  of  the  total 
itrogen  of  the  urine  and  other  excretions.  In  addition  to  the  urine, 
I'ea  is  found  in  sUght  quantities  in  other  secretions — in  milk  (in 
faces)  and  in  sweat.  In  the  latter  liquid  the  quantity  of  urea  in 
"'enty-four  hours  may  be  quite  appreciable — as  much,  for  instance, 
8  0.8gm. — although  such  a  large  amount  is  found  only  after  active 
zeroise.  It  has  been  ascertained  definitely  that  urea  is  not  formed 
7  the  kidneys;  it  is  brought  to  the  kidneys  by  the  blood  for  elimi- 
*tion.  That  urea  is  not  made  in  the  kidneys  is  demonstrated 
7 such  facts  as  these:  If  blood,  on  the  one  hand,  is  irrigated  through 
"^  isolated  kidney,  no  urea  is  formed,  even  though  substances  (such 
B  ammomium  carbonate)  from  which  urea  is  readily  produced  are 
ided  to  the  blood;  on  the  other  hand,  ui-ea  is  constantly  present 
I  the  blood  (0.0348  to  0.1529  per  cent.),  and  if  the  two  kidneys 
^  removed,  it  continues  to  accumulate  steadily  in  the  blood  as 
'^g  as  the  animal  survives.  It  has  been  ascertained  that  the  urea 
produced  in  part  in  the  liver.  The  most  important  questions 
*  be  decided  are:  Through  what  steps  is  the  protein  molecule 
Gtabolized  to  the  form  of  urea?  and  What  is  the  antecedent 
betance  brought  to  the  liver,  from  which  it  makes  urea?  It  is 
^possible  to  answer  these  questions  perfectly,  but  investigations 
•Ve  thrown  some  light  on  the  process.  The  results  of  this  work 
iy  be  stated  briefly  as  follows : 

1 .  Urea  arises  from  ammonia  salts  which  in  the  liver  are  converted 
urea  by  a  process  equivalent  to  dehydration.  It  has  long  been 
own  that  when  ammonium  carbonate  is  added  to  blood  perfused 
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through  a  liver  it  is  converted  to  urea.*    The  reaction  raif  1 
represented  as  follows: 

Ammomum  cjirbonat^.  Urea. 

Moreover,  the  experiments  made  Vjy  Hahn,  Pawlow* 
Nencki  t  show  that  in  dogs  removal  of  the  liver  is  followed  tj 
decrease  in  the  amount  of  urea  in  the  urine  and  an  increaae  iii 
ammonia  contents.     In    these   remarkable   experiments  a  fisii 
(&k  fistula)  was  made  between  the  portal  vein  and  the  ii 
vena  cava»  the  residt  of  which  w^as  that  the  whole  portal  circuktM 
the  liver  was  abolished,  the  organ  receiving  blood  only  b}'  wiy 
the  hepatic  artery.     If  now*  the  latter  arter>"  was  ligated  and 
liver  WM8  rut  away  as  far  as  possible^  the  result  w%is  pi 
complete  extirpation  of  the  organ.     Later  investigationj*  J 
that  in  normal  animals  the  ammonia  contents  of  the  blood  of 
portal  vein  may  l)e  three  to  four  times  as  great  as  in  arterial 
but  that  after  removal  of  the  liver  the  ammonia  in  the 
rnrculation  increases  to  a  point  equal  to  that  observ^ed  for 
portal   blood   and    produces   symptoms   of   poisoning   which 
result  fatally.     It  would  seem,  therefore,  that  the  liver  protect* 
IkkIv  from  the  poisonous  action  of  the  ammonia  compounds 
con\'erting  them  to  urea.     Now  in  the  normal  dig€?sti%*e  hydiol] 
of  proteins  brought  about  by  the  successive  action  of  pepsia, 
sin,  and  erepsin  the  e\idence  at  present  indicat-es  that  the  pi 
material  is  split  largely  or  entirely  into  its  constituent 
and  its  nitrogen  appears  mainly  in  three  forms — as 
monamino-acids,   ancl   as  diamino-bodies.     In  addition  th«* 
evidence  that  some  ammonia  is  formal  in  the  large  intestine, 
result  of  the  action  of  the  putrefactive  bacteria.     The  ummask 
produced  in  these  ways  is  probably  carried  to  the  liver  and  thfl> 
converted  to  urea.     In  what  form  the  ammonia  exists  in  ibeMooi 
is  not  positively  known ;  it  may  be  present  as  a  carbonate  or  poft&fr' 
as  some  observers  have  thought,  as  a  carbamate.     AmmotiiuBi 
carbamate  might  be  changed  to  urea  according  to  the  fotto^iflt 
reaction : 

CO<ONH,_H,o=C0<N«;. 

Ammonia  salts  may  arise  similarly  in  the  other  protein  ti** 
[if  the  body.  It  is  known,  for  instance,  that  the  percenti^*' 
ammonia  compounds  in  the  tissues  is  greater  than  in  the  bto* 
Since  the  cells  of  many  of  the  protein  tissues  of  the  body  con*** 

♦Schroeder,  "Airhiv  f.  exp.  Pathol,  ih  Pharmakol./'  vote,  Tt.mdtiim 
1882,  1R8'>. 

t  See  "  Ardiiv  f.  exp.  PMhol  ^i.  riiarmakoK/*  1803.  xxxii..  161, 

j  See  Nencki  und  Pawlow^  'Archives  des  eciencce  biologiq\ie$/*  i*  .21* 
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tracellular  enzymes  capable  of  causing  hydrolytic  cleavage  of  the 
t)tein  molecule  it  is  probable  that  some  ammonia  may  be  thus 
rmed  in  various  parts  of  the  body;  and  so  far  as  it  is  produced 
will  be  converted  to  urea  by  the  action  of  the  liver  and  possibly 
jT  a  similar  action  in  other  tissues. 

2.  Urea  arises  from  the  monamino-acids  by  a  process  of  deami- 
iiation,  whereby  the  NH,  group  is  converted  to  ammonia  and 
iien  probably  to  urea.  It  is  known,  for  example,  that  when  a 
Kmamino-acid  such  as  glycocoll  or  leucin  is  given  to  an  animal  the 
itrogea  of  the  compound  is  promptly  eliminated  as  m'ea.  Since, 
B  stated  above,  these  monamino-acids  form  the  chief  constituent 
( the  end-products  formed  in  the  digestion  of  proteins,  it  is  very 
lobable  that  in  passing  through  the  liver  or  possibly  in  other 
wues  their  nitrogen  is  removed  by  a  process  of  deamidization 
od  eliminated  as  urea.  The  organic  acid  radicle  that  remains 
oay  suffer  oxidation  and  thereby  furnish  heat  energy  to  the  body, 
w  a  may  possibly  be  used  for  the  construction  by  synthetic  proc- 
■68  of  carbohydrate  or  of  fat. 

3.  Urea  arises  from  the  diamino  bodies  (arginin),  formed  in  the 
ikavage  of  the  protein  molecule,  by  conversion  of  the  contained 
ioaiiidin  radicle.  Kossel  and  Dakin  *  have  demonstrated  the 
iBBtence  of  a  ferment,  arginase,  which  is  capable  of  splitting 
ufpnin  into  urea  and  omithin.  The  reaction  may  be  represented 
V  the  following  equation: 

WC<^(CH,W3HNH,C00H  +  H,0  =  CO<^JJ» + NH,(CH,),GHNH,COOH 

^OMa  (gnanidin  duunino-valerUuiic  add.  Urea.         Diamino-valerianio  acid. 

Unlike  cases  1  and  2,  the  urea  in  this  instance  is  formed  directly 
W»a  the  guanidin  residue  contained  in  the  arginin.  Since  this 
•tter  substance  constitutes  one  of  the  split-products  of  the  protein 
faring  digestion  and  probably  also  one  of  the  spUt-products  in 
1*8  metabolism  of  the  proteins  of  the  tissues,  there  is  reason  to 
•Beve  that  part  of  the  urea  actually  formed  in  the  body  arises 
y  this  method. 

4.  Urea  arises  from  a  further  metabolism  of  uric  acid.  As  is 
•*ted  below  in  describing  the  history  of  the  origin  of  uric  acid 
^cre  is  positive  evidence  that  not  all  of  the  uric  acid  produced 
^  the  body  is  excreted  as  such.  A  portion  is  further  acted  upon 
f  a  uricolytic  enzyme  and  converted  to  urea.  The  portion  so 
Sfected  varies  in  different  animals.  In  man  it  is  estimated  that 
IXmt  one-half  of  the  uric  acid  arising  in  the  body  metabolism 
coper  (endogeneous  uric  acid)  suffers  this  fate. 

It  is  a  very  significant  fact  that  the  relative  and  absolute  amoimt 
'  urea  nitrogen  in  the  urine  varies  directly  with  the  amount  of 
*  "Zeitschrift  f.  Physiol.  Chemie,"  1904,  xlii.,  181. 
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protein  taken  as  food*  while  other  nitrogenous  eonstittieiiU 
urine  (creatinin,  purin  bases)  are  practically  not  affected 
food,  if  care  is  taken  to  hia^e  the  food  free  of  these  substa 
]>egin  with.  FoUn  has  laid  emphasis  upon  this  fact,*  and  s 
that  most  of  the  urea  may  come  directly  from  protein 
food  which  Is  hydrolyzed  during  digestion  and  absorptioo 
of  trypsin  and  erepsin)  into  simpler  amino-acids.  These 
bodies  by  further  h}-drolysis  and  oxidation  may  1^  con%'ei 
far  as  their  nitrogen  is  concerned,  into  ammonia  compcmr 
eliminated  at  once  as  urea  by  the  liver  without  entering  int 
f-ormation  at  all. 

Even  after  the  removal  of  the  liver  eonie  urea  is  sUU  fi 
the  urine.  It  seems  as  though  the  urea-forming  power  of  ll 
is  shared  by  some  of  the  other  tissues,  just  us  its  glycotrerdc  fu 
are* 

Origin  and  Significance  of  the  Purin  Bodies  lUnc 
Xanthin^  Hypoxanthin,  Adenin,  Guanin). — These  bod 
related  chemically,  and  appear  also  to  have  a  common  phra^ 
significance.  Their  chemical  relations  have  lieen  de 
Kmil  Fischer,  to  whom  we  owe  the  term  purin  bodi€ 
pointed  out  that  these  and  other  substances  Ijelon^ 
group  have  a  common  nucleus: 
N  — C 

<!   /-», 

hydrogen  compound  of  this  nucleus  would  be  designated  M 

N-CH 

and  would  have  the  foniiula:    HC      C— NH      ,  C-H* 

tion    of    an    atom    of    oxygen    gives    hypoxanthin^  CjB 

HN  —  CO 

HC       C  —  NI 

Addition  of  two  atoms  of  oxygen 

HN  —  CO 


which     he     named     the     purin 


^NH 


N  —  C  —  N^^^ 


thin,  CjH.N.Oj:    CO 


<i- 


NH 


UN  —  C  —  N^^* 


of  oxygen  gives  uric  acid,  GgH^N^O, 


And  addition 
HN  — CO 

06        C  — J 


..I 


HN  —  C  —  NH 

from  this  standpoint  might  lie  named  trioxypurin.     If  one  *^ 

atoms  in  the  purin  is  substituted  by  an  amino-group,  NHj»  tk 

•  Folin,  "American  Journal  of  Ph>^ology/*  13,  117,  l'^ 
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ound,  adenin  (C5H5N5),  is  obtained,  and  the  substitution  of  an 
IH,  group  in  hypoxanthin  gives  the  compound  guanin  (C5H5N5O). 
loreover,  caflein,  the  active  principle  of  coffee  and  tea,  and  theo- 
iromin,  the  active  principle  of  cocoa,  are  respectively  trimethyl 
md  dimethyl  compounds  of  xanthin.  We  have  to  distinguish, 
herefore,  three  classes  of  purin  compounds,  namely,  the  oxypurins, 
lomprising  monoxypurin  or  hypoxanthin,  dioxypurin  or  xanthin, 
md  trioxypurin  or  uric  acid;  the  aminopurinsy  comprising  adenin  or 
amnopurin  *  and  guanin  or  aminohypoxanthin,  and  the  methyl- 
rmMy  comprising  caffein  or  trimethyl  xanthin  (CgHj^N^Oj  or  C^H- 
PHsJjNPj)  and  theobromin  or  dimethyl  xanthin  (C^HgN^Og  or 
^^f^P^^^fi^*  Uric  acid,  xanthin,  and  hypoxanthin  are  found 
wnstantly  in  the  urine  and  in  the  feces  small  amounts  of  xanthin, 
lypoxanthin,  adenin,  and  guanin  may  also  occur.  It  has  been 
HMnted  out  *  that  these  substances  come  partly  from  purin  bodies 
Aken  as  food.  If  materials  containing  the  purin  bodies,  such  as 
neat,  are  fed,  these  bodies  are  excreted  in  part  in  the  urine.  It  is 
wopoeed  to  designate  the  uric  acid,  etc.,  that  has  this  origin  as  the 
oogenous  purin  material.  A  portion  of  the  amount  daily  secreted 
JODoes,  however,  from  a  metabolism  of  the  protein  material  of  the 
^y,  and  this  portion  may  be  distinguished  as  the  endogenous  purin 
^es.  This  latter  amount  is  found  to  be  practically  constant, 
'•15  to  0.20  gm.  per  day  for  any  one  individual,  and  the  amount  is 
^  affected  by  changes  in  the  quantity  or  character  of  the  food, 
^t  varies  within  certain  limits  with  the  manner  of  life.  Evidently 
l^e  endogenous  purin  nitrogen  represents  a  special  metabolism, 
^J^pably  of  the  living  tissues,  that  goes  on  independently,  in  great 
^^easure,  of  the  mere  oxidation  of  food.  According  to  Siven,  the 
Auction  during  sleep  is  much  less  than  during  the  waking 
ours.  Since  the  purin  bodies  may  be  obtained  readily  by 
ydpolytic  cleavage  of  the  nuclein  or  nucleic  acid  constituent 
f  the  nucleoproteins,  and  since  nucleoprotein  material  or  nucleins 
hen  fed  to  animals  cause  an  increase  in  the  amount  of  purin 
trogen  eliminated  in  the  urine,  it  is  most  probable  that 
the  body  these  purin  bases  represent  the  end-products  of 
^^  metabolism  of  nuclein  material.  The  intermediate  processes 
this  metabolism,  whether  it  affects  the  nuclein  taken  as  food 
the  nuclein  contained  within  the  tissues  of  the  body,  are 
Pposed  to  take  place  according  to  the  following  general  schema: 
^e  nucleins  that  are  split  off  from  the  nucleoprotein  are  acted 
•On  first  by  an  enzyme  belonging  to  the  group  of  mtdeaseSy  which 
Ve  been  demonstrated  to  exist  in  various  tissues,  e.  g.,  in  the 
l^n,  liver,  limgs,  and  kidneys.    By  the  action  of  this  enzyme  the 

*  See  Burian  and  Schur,  "Archiv  f.  die  gesammte  Physiologie,"  94,  273, 
53 
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nucloiii  is  split,  with  the  formation  of  ad<^nin  and  guanin.  TIf 
adenin  and  p:uanin  are  then  deamidized  and  convert eti  respediveiv 
to  h>^K)xanthin  and  xanthin.  Jones  *  has  given  reaKins  to 
believe  that  two  speeifie  deanoidizing  enzymes  of  this  chafBrtT 
may  exist  in  the  \yody\  namely,  ademtae  and  gtmnase.  Their ictioo 
may  be  represented  by  the  following  equations: 


C5H4N.  -  H,0 


HypoxitDikiii. 


Aoentp. 

QH^.O  ^  H,0  =  CjH^,0,  4-  NH, 

Cuanin.  Aaiitbin, 

The  hypoxanthin  and  xanthin  thus  formedf  are  in  turn  oridiri 
to  uric  acid  by  the  action  of  an  oxida^se  to  which  the  specific  oiiw 
of  xanlhinoxidajie  has  been  i^iven.  Its  action  upon  the  hT^pouiOlta 
or  xanthin  is  represented  liy  the  series  • 

llypoxtmthm.  Xanthin. 

C.H.X.O,  f  O  =  C,H.NA 

Xanthin.  Uric  Bind. 

FinaUy,  aa  itated  above,  it  can  be  shown  that  a  portion  of  theufl* 
acid  may  lie  farther  metabolized  by  tlie  action  of  a  specifif  wrifl^ 
Itjtie  enzfffne  and  j^ive  rise  to  urea.  The  portion  of  the  uric  aciil'flwlff" 
goin^  this  last  change  varies  in  diHerent  animals,  as  may  bedfliM** 
etrated  by  giving  definite  amounts  of  uric  aeid  in  the  fooA  &* 
perimonts  of  this  kind  have  shown  that  in  man  about  oneJrf 
of  the  uric  acid  formed  gives  rise  to  urea,  while  in  dogs  bdA  tf^ 
only  aljout  ^jxr  suffers  this  change.  In  rabbi t-s  the  proportioo  il  I* 
According  to  a  former  view  (Horbaezewsky)  it  was  sup] 
the  endogenous  purin  nitroi2;en  represents  an  end-pro<inct 
metabolism  of  the  nuclein  found  in  the  nuclei  of  ceils,  €§^y^ 
in  the  nuclei  of  the  leucoej-tes.  But  Burian  states,  on  the  «^ 
trarj%  that  most  of  this  nitrogen  in  the  excreta  arises  fro©  * 
inetabohsm  in  the  muscular  tissues.  J  Increased  muscular  artiviif 
is  followed  within  an  hour  or  tw^o  by  an  increased  output  of  unc 
acid,  and  wfien  an  isolated  muscle  is  perfuse<l  with  a  miilwr*" 
defibrinated  blood  and  Ringer's  solution,  uric  aeid  is  idven  off  W 
the  circulating  liquid.  When  the  muscle  under  these  lasi-mcntiofrf 
conditions  is  made  to  work  a  distinct  increase  in  the  hypoxsnt^ 
and  uric  acid  can  l>e  determined.  It  would  seem,  therefore,  tW 
under  normal  conditions  the  uric  acid  and  other  purin  basi**'* 

*  JoiH^  ami  Austrian,  ''Zeitschrift  f.  physioL  Chem.,"  190ft»  jdriu.,  ll^ 
see  also  Jones,  "Journal  of  Biological  Chemistry/'  9,  109,  191 L  . 

t  Tbe  same  author  has  shown  thai  xanthin  and  hypcixftntbin  •*yjj 
protlycetl  from  lh<*  nuflcne  acid  by  a  ftomewhat  different  procem.  Phfl^fc** 
aciri  is  first  split  off  from  the  nucleic  acid,  leaving  giiauoeiine  or  it/hi/^^ 
which  are  then  (UarTiiflizc"<l,  each  by  a  j^fHH-ific  en«3nne  (^[Manosmaaf.  x^ 
sina»c),  with  the  f>r*Miueli<7n  of  xanthoein  or  inoein.  These  latter  •*•  *• 
hydroty&(H]  t<»  xanthin  and  hypoxa-nthm. 

I  Burian,  ''Zeitschrift  f,  pliywiol.  Chemie,"  xliii.,  p.  732. 
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rived  mainly  from  a  metabolism  of  the  muscular  substance 
lereby  hypoxan^hin  is  produced.  This  substance  is  then 
idized  to  uric  acid  and  a  part  of  the  uric  acid  is  further  changed 
urea.* 

Origin  and  Significance  of  the  Creatinin  and  Creatin. — 
eatinin  (C4H7N3O)  occurs  in  the  urine,  and  it  has  been  assumed 
Bit  it  is  derived  from  the  creatin  (C4H9N3O2)  found  in  muscle.     Its 

/NH  —  CO 
uctural  formula  is  given  as  NHC<^  I      and  its  chemical  r&- 

^N(CH,)CH, 

ions  are  indicated  by  the  fact  that  it  may  be  prepared  synthetically 
>m  methyl-glycocoU  and  cyanamid, — that  is,  the  union  of  these 
o  substances  gives  creatin,  from  which  in  turn  creatinin  may  be 
tained. 

N=G-NH,    +     NH(CH.)CH,CX)OH  =   NHC/N^n^)CHAX)H. 

Cyanamid.  Methyl-slyooooU.  Creiitin. 

eatinin  occurs  in  the  urine  constantly  and  in  amounts  equal  to 
io  2  gms.  per  day,  or,  according  to  Shafler,t  there  is  an  excretion 

from  7  to  11  mg.  of  creatinin  nitrogen  per  kilogram  of  body- 
sight.  Next  to  the  urea  and  the  ammonia  compounds  it  forms 
B  most  important  of  the  known  nitrogenous  constituent  of  the 
ine.  Its  physiological  history  is  imperfectly  known.  Under 
distant  conditions  of  life  the  amount  of  creatinin  formed  in  the 
Kly  is  independent  of  the  quantity  of  protein  eaten,  and  this 
ct  indicates  (Folin)  that  it  represents  an  end-product  of  the 
etabolism  of  living  or  organized  protein  tissue  rather  than  one 

the  results  of  the  metabolism  of  the  food  protein.  This  con- 
Qsion  is  strengthened  by  the  fact  that  in  fevers  and  other  patho- 
gical  conditions  in  which  there  is  an  increased  breaking  down  of 
JBues  the  creatinin  excretion  is  increased.  J  As  stated  above, 
^  usual  view  has  been  that  the  creatinin  of  the  urine  is  derived 
om  the  creatin  of  the  muscles,  but  the  effort  to  demonstrate  that 
lis  relationship  actually  exists  has  met  with  many  difficulties. 
te  older  observers  pointed  out  what  seems  to  be  an  objection 

this  view,  namely,  the  lack  of  relationship  between  the  amount 

creatin  in  the  musculature  of  the  body  (about  90  gms.)  and 
^  small  amount  of  creatinin  (1  to  2  gms.)  excreted  daily.  If 
«  creatin  is  a  nitrogenous  waste  constantly  formed  at  this  rate 
^d  excreted  as  creatinin,  there  ought  to  be  a  larger  amount  of  the 

•For  a  review  of  the  extensive  literature,  see  Block,  "Biochemisches 
ntndblatt,"  1906,  v.,  Noe.  12-14. 
t  Consult  Shaffer,  "American  Journal  of  Physiology,"  33,  1,  1908. 
t  Hoogenhuyze  and  Verploegh,  "Zeitschrift  f.  physiol.  Chemie,"  57,  161, 

98. 
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latter  sybstanee»  hut  perhaps  this  disproportion  is  aceoimted  Id^ 
hy  the  fact  thtit  there  Ik  an  incretuse*!  production  of  creatin  0 
the  musele  when  it  goes  into  rigor.  When  ereatinin  is  added 
the  diet  it  is  excreted  as  ereatinin.  When  ereatin,  on  th<» 
trary,  is  fed,  there  is  no  apparent  increase  in  the  ereatinin  of  til 
urine,  nor  does  the  ereatin  it.self  appear  in  the  urine  \ml<««  lai| 
quantities  are  fed.  The  newer  analyses  seem  also  to  show  th 
normal  muscular  work  causes  no  increase  in  the  excretion  of 
tinin  in  the  urine.  Normally,  ereatin  exists  in  the  muscular 
of  the  vert-ebrate  animals — not  in  that  of  the  invertebniti 
Creatinln,  on  the  contrar}%  does  not  occur  in  det<?et^ble 
in  the  lilood  or  tissues  of  the  body,  but  is  a  eonstiuit  constituent 
the  urine.  Creatin  is  not  present  normally  in  the  urine,  except 
infants  and  young  ehikiren,  but  under  conditions  which  imd 
a  destruction  of  the  organized  f>ody-proteins,  for  example,  in  fnv 
starvation,  in  women  after  deh%^ery^  during  the  period  of  inv< 
of  the  uterus,  etc.,  it  may  be  secreted  by  the  kidney  in 
amounts.  Mendel  and  Rose*  have  discovered  the  signifia 
fact  that  the  increased  secretion  of  creatin  during  starvation 
be  prevented  by  giving  the  animal  carliohydrate  food,  so  that, 
some  way  there  is  a  connection  betwet*n  the  metabolism 
bohydrate  and  the  endogenous  metabolism  of  the  pnol 
leads  to  the  production  of  creatin.  These  authors  incline  to 
view  that  creatin  is  a  product  of  the  catabolism  of  the  oi 
tissue  protein,  and  that  the  small  amount  produced  under 
conditions  is  convertned  to  ereatinin  and  excret<*d  in  thi? 
Under  unusual  conditions,  such  a*s  star\^ation,  which  may  be 
jxjsed  to  increase  the  breaking  down  of  the  organLeed 
greater  formation  of  creatin  occurs.  Under  such  conditi 
mechanism  for  the  conversion  of  creatin  to  ereatinin 
inadequate,  and  the  excess  of  creatin  appears  in  the  urine 
p^>ssibly  some  of  it  may  undergo  oxidation.  This  point  of 
which  coincides  more  or  less  with  older  theories^  gives  to  creal 
and  ereatinin  a  similar  physiological  significance  as  indicator 
special  metabolism  invohing  only  the  organized  or  living  prol^ 
as  contrasted  with  the  food  protein  or  the  circulating  prtjieincrf 
body  liquids. 

Hippuric  Add, — This  substance  has  the  formula  CH»XOr 
molecular  structure  is  known,  since  upon  decomposition  it  yi«* 
benzoic  acid  and  glycocoll,  and,  moreover,  it  may  l)e  pwA^ 
s>Tithetieally  by  the  union  of  these  two  subst^inces^    Hippuric 
may  be  describ(?d,  therefore,  as  a  benzoyl-amino-aeetic  acid  (W 
NH[CnH&CO]COOH) .    It  is  found  in  considerable  quantities  in  ^ 

*  For  a  review  and  literaUire,  ronaiilf   Mendel,  **8rience/*  April  9,  I^ 
Mendel  and  Rose,  "Journal  of  Bioiogical  Chemistry/'  10,  213,  19U 
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De  of  herbivorous  animals  (1.5  to  2.5  per  cent.),  and  in  much 
aller  amounts  in  the  urine  of  man  and  of  the  camivora.  In 
man  urine,  on  an  average  diet,  about  0.7  gm.  are  excreted  in 
enty-four  hours.  If  the  diet  is  largely  vegetable,  this  amount  may 
much  increased.  This  last  fact  is  readily  explained,  for  it  has  been 
md  that  if  benzoic  acid  or  substances  containing  this  grouping 
J  fed  to  animals  they  appear  in  the  urine  as  hippuric  acid.  Evi- 
ntly  a  s\'nthesis  occurs  in  the  body,  and  Bunge  and  Schmie- 
beig  proved  conclusively  that  in  dogs  the  union  of  benzoic  acid 
d  glycocoll  to  form  hippuric  acid  takes  place  in  the  kidney 
df.  Later  it  was  discovered*  that  the  same  synthesis  may  be 
ected  by  ground-up  kidney  tissue,  mixed  with  blood  and  kept 
der  oxygen  pressure.  It  seems  possible,  therefore,  that  the 
Qthesis  is  due  to  some  specific  constituent  of  the  kidney  cells, 
Bsibly  an  enzyme.  Vegetable  foods  contain  benzoic  acid  com- 
unds,  and  we  can  understand,  therefore,  why  when  fed  they  in- 
case the  hippuric  acid  output  of  the  urine.  Since,  however,  in 
ffving  animals  or  animals  fed  upon  meat  hippuric  acid  is  still 
Bsent  in  the  urine,  although  reduced  in  amoimt,  it  is  evident  that 
arises  in  part  as  a  result  of  the  body  metabolism.  It  should  be 
ded  finally  that  some  of  the  hippuric  acid  may  be  derived  from 
B  prcxjess  of  protein  putrefaction  that  occurs  in  the  lai^e  intestine. 
The  Conjugated  Sulphates  and  the  Sulphur  Excretion. — 
>6  sulphur  excretion  of  the  urine  possesses  an  importance  similar 
that  of  nitrogen.  Sulphur  constitutes  an  element  in  most  of  the 
oteins,  and  in  some  form,  therefore,  it  will  be  represented  in  the 
d-products  of  protein  metabolism.  The  sulphur  elimination  in 
e  urine,  Uke  the  nitrogen  elimination,  has  been  taken  as  a  measure 
the  amount  of  protein  destruction.  In  the  urine  the  sulphur 
curs  in  three  forms:  (1)  In  an  oxidized  form  as  inorganic  sul- 
fates. Some  of  the  sulphates  are  undoubtedly  derived  or  may  be 
rived  from  the  mineral  sulphates  ingested  with  the  food,  but  the 
■gpr  part  arises  from  the  oxidation  of  the  sulphur  of  the  proteins.. 
)  The  so-called  conjugated  or  ethereal  sulphates  are  combinations 
tween  sulphuric  acid  and  indoxyl,  skatoxyl,  phenol,  and  cresol, 
^us  phenolsulphuric  acid  (C^jHrPSOpH),  cresolsulphuric  acid 
rHyOSOjOH),  indoxylsulphuric  acid  or^imlican  (C^H^NOSOjOH), 
i  skatoxylsulphuric  acid  (CyH.NOSOpH).  The  indol,  skatol, 
enol,  and  cresol  are  formed  in  the  large  intestine  as  a  result  of  bac- 
ial  putrefaction.  They  are  eliminated  in  part  in  the  feces,  but 
part  are  absorbed  into  the  blood,  and  after  oxidation  are 
ijugated  with  sulphuric  acid  and  eliminated  in  the  urine.  The 
I  of  conjugation  is  valuable  from  a  physiological  standpoint. 


►Bashford  and  Cramer,  "Zeitschrift  f.  physiol.  Chemie,"  35,  324, 1902. 
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as  it  converts  substances  having  an  injuriaus  action  into 
compounds.  It  should  be  added,  also,  that  to  a  small  exteol 
phenol,  indoxyl,  and  skatoxy]  niay  be  secreted  in  the  urine  «s 
jugated  glucuro nates, — that  is,  in  eon^bination  with  glycurtmie 
(G^Hj^O,)^  a  reducing  sul>stance  closely  connected  ^ith  desccii 
From  a  nutritional  standpoint  the  amount  of  these  substances  pt 
ent  furnishes  a  measure  of  the  extent  of  protein  putrefaction  in 
intestine,  by  \irtue  of  the  indol  and  phenol  constituents.  M  i 
ditions  that  increase  the  putrefacti\'e  processes  in  the 
are  accompanied  by  a  parallel  increase  in  the  ethereal 
By  ^'irtue  of  the  sulphuric  acid  component  thece  Vxxlies 
also  one  of  the  forms  in  which  sulpiiur  is  excreted  fmm 
body.  (3)  Some  of  the  sulphur  in  the  urine  may  occur  in 
ized  form  as  sulphoeyamd  or  as  ethyl-sulphide  (Abel)  ([Cjl 
Under  certain  pathological  conditions  (cystinuria)  some  sulpfaiir 
be  excrc'tcd  in  the  form  of  cystin^  but  this  is  not  a  noi 
stituent  of  the  urine.  For  other  most  interesting  and 
changes  in  the  composition  of  the  urine  under  patholoficiU 
tions  reference  must  l>e  made  to  special  works  upon  the 
upon  pathological  chemistry'. 

Water  and  Inorganic  Salts,— Water  is  lost  from  the 
through  three  main  channels, — naiiiel}',  the  hmgi?,  the  sidii. 
the  kidney,  the  last  of  these  Ixnng  the  mast  important.  TTie  qi 
tity  of  water  lost  through  the  lungs  probably  varies  within 
limits  only.  The  riuantity  lost  through  the  sweat  varie&.  of 
^th  the  temi>erature.  with  exercise,  etc.,  and  it  may  be  said  I 
the  amounts  of  water  secreted  through  kidney  and  skin  stAOl 
something  of  an  inverse  proportion  to  each  other;  that  is,  tbegnl 
the  quantity  lost  tlutjugh  the  skin,  the  less  will  be  secreted  bjr 
kidneys.  Through  these  three  organs,  but  nminly  thitnif^ 
kidneys,  the  blood  is  being  continually  depleted  of  water*  and 
loss  must  be  made  up  by  the  ingestion  of  new  wat^r.  Wb«i  «J 
is  swallowed  in  excess  the  superfluous  amount  is  rapidly  elimiiii 
through  the  kidneys.  The  amount  of  water  secreted  may  be 
creased  by  the  action  of  diuretics,  such  as  potassium 
caffein. 

The  inorganic  salts  of  urine  consist  chiefly  of  the  cl 
phates,  and  sulplmtes  of  the  alkalies  and  the  alkaline 
may  be  said,  in  general,  that  they  arise  imrth'  from  the  salts 
with  the  food,  and  are  eliminated  from  the  V>load  by  the 
in  the  water  secretion;  and  in  part  they  are  formed  in  the 
tive  metabolism  that  takes  place  in  the  body,   i  '"ly 

involving  the  proteins  and  related  brKlics*    Sodiu.  1 

in  the  largest  quantiticSp  averaging  alxiut   15  gms*  per  diT. 
which  the  larger  part,  doubtless,  is  derived  directly  fmin  the 
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Bn  in  the  food.  The  phosphates  occur  in  combination  with  cal- 
a  and  magnesium,  but  chiefly  as  the  acid  phosphates  of  sodium 
K>tassium.  The  acid  reaction  of  the  urine  is  usually  attributed 
hese  latter  substances.  The  phosphates  result  in  part  from  the 
.ruction  of  phosphorus-containing  tissues  in  the  body,  but 
fly  from  the  phosphates  of  the  food.  The  sulphates  of  urine 
found  partly  in  an  oxidized  form  as  simple  sulphates  or  con- 
tted  with  organic  compounds,  as  described  above. 
Ifficturition. — ^The  urine  is  secreted  continuously  by  the  kid- 
I,  is  carried  to  the  bladder  through  the  ureters,  and  is  then  at 
rvals  finally  ejected  from  the  bladder  through  the  urethra  by 
i.ct  of  micturition. 

Cerements  of  the  Ureters. — The  ureters  possess  a  muscular  coat 
isting  of  an  internal  longitudinal  and  external  circular  layer. 

contractions  of  this  muscular  coat  form  the  means  by  which 
-uine  is  driven  from  the  pelvis  of  the  kidney  into  the  bladder, 
ixiovements  of  the  ureter  have  been  carefully  studied  by  Engel- 
tx.*  According  to  his  description,  the  musculature  of  the  ureter 
fJQcts  spontaneously  at  intervals  of  ten  to  twenty  seconds  (rab- 
the  contraction  b^inning  at  the  kidney  and  progressing 
•x\l  the  bladder  in  the  form  of  a  peristaltic  wave  and  with  a 
-ity  of  about  20  to  30  mms.  per  second.  The  result  of  this 
5tment  should  be  the  forcing  of  the  urine  into  the  bladder  in  a 
a  of  gentle,  rhythmical  spurts,  and  this  method  of  filling  the 
tier  has  been  observed  in  the  human  being.  Suter  and  Mayerf 
t^  some  observations  upon  a  boy  in  whom  there  was  ectopia 
tie  bladder,  with  exposure  of  the  orifices  of  the  ureters.    The 

into  the  bladder  was  intermittent  and  was  about  equal  upon  the 

sides  for  the  time  the  child  was  under  observation  (three  and 
ilf  days). 
tlie  causation  of  the  contractions  of  the  ureter  musculature  is 

easily  explained.  Engelmann  iinds  that  artificial  stimulation 
•he  ureter  or  of  a  piece  of  the  ureter  may  start  peristaltic  con- 
ations which  move  in  both  directions  from  the  point  stimulated. 
"Was  not  able  to  find  ganglion  cells  in  the  upper  two-thirds  of  the 
*er  and  was  led  to  believe,  therefore,  that  the  contraction  orig- 
•tea  in  the  muscular  tissue  independently  of  extrinsic  or  intrinsic 
fves,  and  that  the  contraction  wave  propagates  itself  directly 
>0i  muscle  cell  to  muscle  cell,  the  entire  musculature  behaving 

though  it  were  a  single,  colossal,  hollow  muscle  fiber.  The  liber- 
ion  of  the  stimulus  which  inaugurates  the  normal  peristalsis 
the  ureter  seems  to  be  connected  with  the  accumulation  of  urine 

♦  *'PflQger's  Archiv  f.  die  gesammte  Physiologic, "  2.  243,  1869,  and  4,  33; 
ialflo  Lucas,  "American  Journal  of  Physiology,"  17,  392,  1906. 
t "  Archiv  f.  exper.  Pathologic  und  Pharmakologie,"  32,  241,  1893. 
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in  its  upper  or  kidney  portion.    It  may  be  suppose!  that  tfc 
that  collects  at  this  fwint  as  it  flows  from  the  kidney 
the  muscular  tissue  to  contraction^  either  by  its  pressure  or  in  I 
other  way,  and  thus  leads  t-o  an  orderly  seriuence  of  con 
waves.   It  is  possible,  however,  that  the  muscle  of  the  ureter,  I 
of  the  heart-,  is  sjx>ntaneously  contractile  under  normal  con 
and  does  not  dei>eiid  upon  the  stimulation  of  the  urine. 
according  to  Engelmann,  se<;tion  of  the  uret-er  near  the  kidney  ( 
not  materiall}^  affect  the  nature  of  the  contractions  of  the  i 
attached  to  the  kidney,  although  in  this  case  the  pressure  of  1 
urine  could  scarce!}'  act  a.s  a  stimuhis.     Moreover,  in  the  cm\ 
the  ratj  in  which  the  ureter  is  highly  contractile,  the  tube  mffr  I 
cut  into  several  pieces  and  each  piece  will  continue  to  exhibit  | 
ical  peristaltic  contractions.    It  does  not  seem  possible  at 
to  decide  between  these  two  views  as  to  the  cause  of  the  < 
tions.     The  nature  of  the  contractions,  their  mode  of  pp 
and  the  way  in  which  they  force  the  urine  tlirough  the  iiret* 
however,  to  be  clearl>'  established.     Efforts  to  show  a 
action  uix)n  these  movements  through  the  central  nen'ous  s 
have  so  far  givcit  negative  results. 

Movements  of  the  Bladder.^^The  bladder  contains  a  muscu 
of  plain  muscle  tissue,  which  ^  according  to  the  usual  de 
is  arranged  so  as  to  nuike  an  external  longitudinal  coat  and  j 
internal  circular  or  oblique  coat.  A  thin,  longitudinal 
muscle  tissue  hing  to  the  interior  of  the  circular  coat  is 
scribed.  The  separation  between  the  longitudinal  and 
layers  is  not  so  definite  as  in  the  case  of  the  intestine;  the 
in  fact,  to  form  a  contimioiis  layer,  one  passing  gradually  into  1 
other  by  a  change  in  the  direction  of  the  fibers*  At  the  i 
circular  layer  is  strengthened,  and  hfis  been  supposed  to 
sphlnct-er  with  regard  to  the  urethral  orifice — ^the  so-called  : 
ter  vesica^  int-emus.  Around  the  urethra  just  outside  the 
der  is  a  circular  layer  of  striated  muscle  that  is  frequently 
natod  as  the  external  sphincter  or  sphincter  urethrsp.  The  ' 
brought  into  the  bladder  accumulates  within  its  cavity  to  a  < 
limit.  It  is  prevented  from  escapmg  through  the  urethra  Mi  i 
by  the  mere  elasticity  of  the  parts  at  the  urethral  orifice, 
finally  by  tonic  contraction  of  the  internal  Bphincter*  Whcftl 
accumulation  becomes  grc^ater  the  external  sphincter 
brought  into  action.  If  the  desire  to  urinate  is  strong  the  i 
sphincter  seems  undoubtedly  to  be  controlled  by  voluntary  «ftj| 
but  whether  or  not,  in  moderate  filling  of  the  bladder,  it  h  1 
into  play  by  an  involuntary  reflex  is  not  definitely  dctt* 
Baekflow^  of  urine  from  the  bladder  into  the  ureten*  b*  effe 
prevent'ed  by  the  oblique  course  of  the  ureters  through  the } 
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the  bladder.  Owing  to  this  circumstance,  pressure  within  the  blad- 
der serves  to  close  the  mouths  of  the  ureters,  and,  indeed,  the  more 
completely,  the  higher  the  pressure.  At  some  point  in  the  filling 
of  the  bladder  the  pressure  is  sufficient  to  arouse  a  conscious  sen- 
sation of  fullness  and  a  desire  to  micturate.  Under  normal  condi- 
tions the  act  of  micturition  follows.  It  consists  essentially  in  a 
strong  contraction  of  the  bladder,  with  a  simultaneous  relaxation 
of  the  external  sphincter,  if  this  muscle  is  in  action,  the  effect  of 
which  is  to  obliterate  more  or  less  completely  the  cavity  of  the  blad- 
der and  drive  the  urine  out  through  the  urethra. 

The  force  of  this  contraction  is  considerable,  as  is  evidenced  by 
the  height  to  which  the  urine  may  spurt  from  the  end  of  the  urethra. 
According  to  Mosso,  the  contraction  may  support,  in  the  dog,  a 
cohmm  of  liquid  two  meters  high.  The  contractions  of  the  blad- 
der may  be  and  usually  are  assisted  by  contractions  of  the  walls 
rf  the  abdomen,  especially  toward  the  end  of  the  act.  As  in  defeca- 
tion and  vomiting,  the  contraction  of  the  abdominal  muscles,  when 
the  glottis  is  closed  so  as  to  keep  the  diaphragm  fixed,  serves  to  in- 
crease the  pressure  in  the  abdominal  and  pelvic  cavities,  and  thus 
•®i8t8  in  or  completes  the  emptying  of  the  bladder.  It  is, 
however,  not  an  essential  part  of  the  act  of  micturition.  The  last 
portions  of  the  urine  escaping  into  the  urethra  are  ejected,  in  the 
D^,  in  spurts  produced  by  the  rhythmical  contractions  of  the 
h^dbocavemosus  muscle. 

Considerable  uncertainty  and  diflference  of  opinion  exists  as  to 
^  physiological  mechanism  by  which  this  series  of  muscular  con- 
^tions,  and  especially  the  contractions  of  the  bladder  itself,  are 
P^'oduced.  According  to  the  frequently  quoted  description  given 
^y  Goltz,*  the  series  of  events  is  as  follows:  The  distention  of  the 
™^der  by  the  urine  causes  finally  a  stimulation  of  the  sensory 
™6i8  of  the  organ  and  produces  a  reflex  contraction  of  the  blad- 
der musculature  which  squeezes  some  urine  into  the  urethra.  The 
™t  drops,  however,  that  enter  the  urethra  stimulate  the  sensory 
"^^Tves  there  and  give  rise  to  a  conscious  desire  to  urinate.  If  no 
j'jstacle  is  presented  the  bladder  then  empties  itself,  assisted  per- 
***p8  by  the  contractions  of  the  abdominal  muscles.  The  emptying 
^  the  bladder  may,  however,  be  prevented,  if  desirable,  by  a  volun- 
^*ty  contraction  of  the  sphincter  urethrae,  which  opposes  the  effect 
^  the  contraction  of  the  bladder.  If  the  bladder  is  not  too  full 
^d  the  sphincter  is  kept  in  action  for  some  time,  the  contractions 
^the  bladder  may  cease  and  the  desire  to  micturate  pass  off.  Ac- 
cording to  this  view,  the  voluntary  control  of  the  process  is  limited 
fethe  action  of  the  external  sphincter  and  the  abdominal  muscles; 

♦  "Archiv  f.  die  gesammte  Physiologie,"  8,  478,  1874. 
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the  contraction  of  the  bbrlder  itself  is  purely  an  uncoosciwiB 
taking  place  through  a  lunibar  center. 

The  experiments  of  Cloltz  and  others,  u|K)n  dogs  in  which 
spinal  cord  was  severed  at  the  junction  of  the  lumbar  and  tbe 
racic  regions,  indicate  that  micturition  is  essentially  a  reflet 
with  its  center  in  the  lumbar  cortl.  although  the  same  obserw 
showTi  that  in  dogs  whose  spinal  cord  has  been  entirely 
except  in  the  eervucal  and  upper  thoracic  region,  the  bl 
ties  itself  normally  without  the  aid  of  external  stimulation, 
and  Pellacani*  Imve  made  ex{>eriment5  upon  w^omen  in  wUekj 
catheter  was  introduced  into  the  liladder  and  connected  with  a 
iiig  apparatus  to  measure  the  volume  of  the  bladder,  Tbeir 
periments  indicate  that  the  sensation  of  fullness  and  desit 
micturate  come  from  senson^  stimulation,  in  the  bladder  it 
caused  by  the  pressure  of  the  urine*  They  point  out  thai 
bladder  is  ver>^  sensitive  to  reflex  stimulation;  that  even'  peyd 
act  and  ever\^  sensorv'  stimulus  is  apt  to  cause  a  contraction  ori 
creased  tone  of  the  bladder.  The  bladder  is  therefore  subject 
continual  changes  in  size  from  reflex  stimulation,  and  the  fi 
within  it  will  defjend  not  simply  on  the  quantity  of  urine,  hut 
the  condition  of  tone  of  it^s  muscles.  At  a  certain  pressure 
seiisorjr'  nerv^es  are  stimulated  and  under  normal  conditiaiis 
rition  ensues.  We  may  understand,  from  this  point  of  \iew,  haw 
hapjiens  that  we  have  s<^imetime8  a  strong  desire  to  micturate 
the  bladder  contjiins  but  little  urine, — for  example,  under  emotkl 
excitement.  In  such  cases  if  the  micturition  is  prevented,  probil 
by  the  action  of  the  external  spliincter,  the  bladder  rmy 
sequently  relax  and  the  sensation  of  fullness  and  desire  to  mictun 
pass  away  until  the  urine  accumulates  in  sufficient  qiiaatilXi  or  d 
pressure  is  again  raised  by  some  circumstance  w^hich  cauitt  i 
contraction  of  the  bladder. 

Nervous  Mechnni^sm. — ^Accoaiing  to  T^ngley  and 
bladder  in  cats,  dogs,  and  rabbits  receives  motor  filjers  bom 
sources:   (1)  From  the  lumbar  nerv^es,  the  fibers  passing 
second  to  the  fifth  hunbar  nerves  and  reaching  the  bladder 
the  sympathetic  chain  and  the  inferior  mesenteric  ganglion 
the  hyptJgiUitric  nerves  and  plexus   (Fig,  287).    StimuljitioB 
these  nerves  causes  a  comparatively  feeble  contraction  of  Use 
der,     (2)   From  tlie  sacral  spinal  nerv^es,  the  fibers  oi 
in  the  second  and  third  sacral  spinal  nerv^es,  or  in  tbe 
the  third  and  fourth,  and  taking  their  course  through  the 
nervi  erigentes  and  the  hypogastric  plexus.     Stimulation 
nerves,  or  some  of  theni^  causes  strong  contractions  of 

*  "Archives  lt:ilieriii(?s  de  hiologie/*  I,  1882. 
t  "Journal  of  Fh>'iiiolog>%''  19,  71»  I8«r5. 
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ter,  suflScient  to  empty  its  contents.  Little  evidence  was  obtained 
of  the  presence  of  vasomotor  fibers.  According  to  Nawrocki  and 
Skabitschewsky,*  the  spinal  sensory  fibers  to  the  bladder  are  found 
m  part  in  the  posterior  roots  of  the  first,  second,  third,  and  fourth 
sacral  spinal  nerves,  particularly  the  second  and  thud.  When  these 
fibers  are  stimulated  they  excite  reflexly  the  motor  fibers  to  the 
bladder  found  in  the  anterior  roots  of  the  second  and  third  sacral 
qanal  nerves.  Some  sensory  fibers  to  the  bladder  may  pass  by 
^wiy  of  the  hypogastric  nerves.  When  the  central  stump  of  one 
liypogastric  nerve  is  stimulated  it  produces,  according  to  these 
authors,  a  reflex  effect  upon  the  motor  fibers  in  the  other  hypo- 
gastric nerve,  causing  a  contraction  of  the  bladder,  the  reflex  oc- 
curring through  the  inferior  mesenteric  ganglion.  This  observa- 
tion has  been  confirmed  by  several  authorities,  but  has  been  ex- 
plsined  by  Langley  and  Anderson  as  a  pseudoreflex  or  axon  reflex 
(see  p.  149).  According  to  Elliott  the  innervation  of  the  bladder 
varies  in  the  different  mammals.  Speaking  generally,  the  fibers 
psasing  by  way  of  the  nervi  erigentes  when  stimulated  cause 
contraction  of  the  bladder  (and  inhibition  of  the  internal  sphincter). 
These  fibers,  therefore,  are  mainly  concerned  in  the  act  of  micturi- 
tion. The  fibers  supplied  through  the  hypogastric  nerve,  on  the 
contrary,  cause  mainly  relaxation  of  the  bladder  musculature, 
*ud  their  stimulation,  by  inhibiting  the  tonus  of  the  musculature, 
would  seem  to  provide  a  means  for  holding  the  urine.  According 
^  Zeissl  the  hypogastric  nerve  when  stimulated  inhibits  the  mus- 
culature of  the  bladder  in  general,  but  causes  a  tonic  contraction 
cJ  the  internal  sphincter. 

The  immediate  spinal  center  through  which  the  contractions 
^  the  bladder  may  be  reflexly  stimulated  or  inhibited  lies,  accord- 
^g  to  the  experiments  of  Goltz,  in  the  lumbar  portion  of  the  cord, 
P'obably  between  the  second  and  fifth  lumbar  spinal  ner\'es.  In 
^cgB  in  which  this  portion  of  the  cord  was  isolated  by  a  cross- 
•^ion  at  the  junction  of  the  thoracic  and  lumbar  regions,  mic- 
turition still  ensued  when  the  bladder  was  sufl[iciently  full,  and  it 
^uld  be  called  forth  reflexly  by  sensory  stimuli,  especially  by 
•Kght  irritation  of  the  anal  region.  This  localization  has  been 
^ufirmed  by  others  J  but  Elliot  states  that  the  sacral  portion 
^i  the  cord,  which  gives  rise  to  the  fibers  of  the  nervi  erigentes, 
^ay  also  serve  as  a  reflex  center  for  the  bladder. 

Excretory  Functions  of  the  Skin. — The  physiological  activi- 
ties of  the  skin  are  varied.  It  forms,  in  the  first  place,  a  sensory 
surface  covering  the  body,  and  interposed,  as  it  were,  between  the 

♦  ''Archiv  f.  die  gesammte  Physiologic,"  49,  141,  1891. 

t  Elliot,  ''Joum^  of  Physiology,"  35,  367,  1907. 

t  See  Stewart,  "American  Journal  of  Physiology, "  2,  182, 1899. 
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external  world  and  the  inner  mechanisni,     Nen^e  fibers  of  presFiir 
temperaturtv,  and  pain  are  distributed  over  its  surface,  and  by  i 
of  these  fibers  reflexes  of  various  kinds  are  effected  which  kefp  I'w 
bod\'  adapted  to  changes  in  its  environnient.     The  physiology  li^ 
the  skin  from  this  standpoint  is  discussed  in  the  section  on  si« 
senses.    Again,  the  skin  plays  a  fjart  of  immense  value  to  tbc  U^ 
in,  regulating   the  body   temperature.     This   regulation,  w^iich 
effected  by  variations  in  the  blood  supply  or  the  s\\^eat  gerrrtifll 
is  dcscrilTcd  at  appropriate  places  in  the  sections  on  Nutrition  s 
Circulation,     In  the  female,  during  the  period  of  lactation,  the  r 
mar}-^  glands,  wliieh  must  l^e  reckoned  among  the  oi^ganfl| 
skin,  form  an  importiint  secretion,  the  milk;   the  physiak 
gland  is  referred  to  in  the  section  on  Reproduction.     In  this  I 
we  are  concerned  with  the  physiology  of  the  skin  from  a 
stand|x>int,— namely,  as  an  excretory  organ.    The  excretiow  i 
the  skin  are  formed  in  the  swefit-glands  and  the  sebaceous  j 

Sweat. — ^The  sweat  or  perspiration  is  a  secretion  of  the  I 
glands.     These  latter  structures  are  found  over  the  entire  cut 
surface  except  in  the  deejier  jx)rtions  of  the  external  auditors*  j 
the  prepuce,  and  the  glans  i>eni3.    They  are  particularly 
upon  the  palms  of  the  hands  and  the  soles  of  the  feet. 
estimates  that  their  total  number  for  the  whole  cutaneous  i 
is  about  two  millions.    In  man  they  are  formed  on  the  typci 
simple  tubular  glantls;  the  tenninal  portion  contains  the  , 
eel  Is  ^  and  at  this  part,  tlie  tube  is  usually  coiled  to  make  a  ioQfi| 
leas  compact  knot,  thus  increasing  the  extent  of  the  secietingt 
face.    The  larger  ducts  have  a  thin,  muscular  coat  of  mw 
tissue  that  may  possibly  be  concerned  in  the  ejection  of 
tion.    The  secretory  cells  in  the  terminal  portion  are  coUu 
shaj^e,  possess  a  granular  cytoplasm,  and  are  armnged  in  , 
layer.    The  amount  of  secretion  formed  by  these  gh 
greatly,  being  influenced  by  the  condition  of  the  atmc 
gards  temijcrature  and  moisture,  as  well  as  by  various 
psychical  states,  such  as  exercise  and  emotions.     The  avenige^ 
tity  for  twenty-four  hours  is  said  to  var>*  l>etween  700  and  9W( 
although  this  amount  may  be  doubled  under  certain  condition*- 

According  to  an  interesting  paj^er  by  Schierbeck,*  ihe  »\Wp 
quantity  of  sweat  in  twenty-four  hours  may  amount  to  2  t^^  ♦I  B^ 
in  a  ijcrson  clothe^I,  and  therefore  with  an  average  tempenitai« 
of  32^  C.  surrountliog  the  skin.  This  author  states  that  the  anjoui' 
of  sweat  given  off  from  the  skin  in  the  form  of  insensible  prrspiif 
tion  increases  proportionately  with  the  temperature  until  a  ci*rti» 
critical  point  is  reached  (about  33"^  C*  in  the  person  invesliptisl'. 

♦"Archiv  f.  Physiologie,*'  ISm,  116:  sec  also  Willebrwid,  "^*«* 
navisciies  Archiv  f.  PhyKiologie."  Kl,  337,  U>02. 
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ben  there  is  a  marked  increase  in  the  water  eliminated,  the  in- 
ease  being  simultaneous  with  the  formation  of  visible  sweat.  At 
le  same  time  there  is  a  sudden  increase  in  the  CO,  eliminated  from 
ye  skin.  It  is  possible  that  the  sudden  increase  in  CO,  is  an  in- 
ication  of  greater  metabolism  in  the  sweat  glands  in  connection 
rith  the  formation  of  visible  sweat. 

CompasUian  of  the  Secretion. — The  precise  chemical  composition 
rf  sweat  is  difficult  to  determine,  owing  to  the  fact  that  as  usually 
}btained  it  is  liable  to  be  mixed  with  the  sebaceous  secretion.  Nor^ 
tnally  it  is  a  very  thin  secretion  of  low  specific  gravity  (1.004)  and 
Ml  alkaline  reaction,  although  when  first  secreted  the  reaction  may 
be  acid  owing  to  admixture  with  the  sebaceous  material.  The 
laiger  part  of  the  inorganic  salts  consists  of  sodium  chlorid.  Small 
quantities  of  the  alkaUne  sulphates  and  phosphates  are  also  pres- 
ent. The  organic  constituents,  though  present  in  mere  traces,  are 
quite  varied  in  number.  Urea,  uric  acid,  creatinin,  aromatic  oxy- 
wids,  ethereal  sulphates  of  phenol  and  skatol,  serin  (oxyaminopro- 
Ponic  acid),  and  albumin,  are  said  to  occur  when  the  sweating  is 
pfofuse.  Argutinsky  has  shown  that  after  the  action  of  vapor 
baths,  and  as  the  result  of  muscular  work,  the  amount  of  urea 
dhninated  in  this  secretion  may  be  considerable.  Under  patho- 
fcpcal  conditions  involving  a  diminished  elimination  of  urea  through 
tte  kidneys  it  has  been  observed  that  the  amount  found  in  the 
sweat  is  markedly  increased,  so  that  crystals  of  it  may  be  deposited 
ppon  the  skin.  Under  perfectly  normal  conditions,  however,  it 
"8  obvious  that  the  organic  constituents  are  of  minor  importance. 
The  main  fact  to  be  considered  in  the  secretion  of  sweat  is  the  form- 
ation of  water. 

Secretory  Fibers  to  the  Sweat  Glands. — Definite  experimental 
P^f  of  the  existence  of  sweat  ner\'es  was  first  obtained  by  Goltz* 
^  some  experiments  upon  stimulation  of  the  sciatic  nerve  in  cats. 
"^  the  cat  and  dog,  in  which  sweat  glands  occur  on  the  balls  of  the 
''^t,  the  presence  of  sweat  nerves  may  be  demonstrated  with  great 
^.  Electrical  stimulation  of  the  peripheral  end  of  the  divided 
*3atic  nerve,  if  sufficiently  strong,  will  cause  visible  drops  of  sweat 
^  fomi  on  the  hairless  skin  of  the  balls  of  the  feet.  When  the 
^trodes  are  kept  at  the  same  spot  on  the  nerve  and  the  stimula- 
'fcn  is  maintained  the  secretion  soon  ceases;  but  this  effect  seems 
^  be  due  to  a  temporary  injury  of  some  kind  to  the  nerve  fibers 
^  the  point  of  stimulation,  and  not  to  a  genuine  fatigue  of  the 
'''eat  glands  or  the  sweat  fibers,  since  moving  the  electrodes  to  a 
^  point  on  the  nerve  farther  toward  the  periphery  calls  forth  a 
lew  secretion.  The  secretion  so  formed  is  thin  and  limpid,  and  has 
i  marked  alkaline  reaction.    The  anatomical  course  of  these  fibers 

♦  "Archiv  f.  die  gesammte  Physiologic,"  11,  71,  1875. 
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has  been  worked  out  in  the  cat  with  great  care  by  Langfey .♦ 
finds  that  for  the  hind  feet  the>^  leave  the  spinal  cord  chiefly  m 
first  and  ^second  limibar  ncn'es,  enter  the  s>7n pathetic  chain, 
emerf^e  from  this  as  postganglionic  fibers  in  the  gray  rami  which 
pass  from  the  sixth  lumbar  to  the  second  sacral  ganglion^  but  chiffty 
in  the  seventh  lumliar  and  first  sacral,  and  then  join  the  neni*  d 
the  sciatic  plexus.     For  the  forefeet  the  fibers  leave  the  spinal  tori 
in  the  fourth  to  the  tenth  thoracic  nerves,  enter  the  sympntbctie 
chain,  pass  upward  to  the  first  thoracic  ganglion,  whence  tbcy  are 
continued  as  postganglionic  fibers  that  pass  out  of  this  ganglion  br 
the  gray  rami  communicating  with  the  nerv^es  forming  the  bracltiil 
plexus.     The  action  of  the  nerve  fil>ers  upon  the  sweat  gkmlfl  can 
not  be  explained  as  an  indirect  effect,— for  instance,  as  a  result  of 
a  variation  in  the  blood-flow.     Experiments  have  repeatedly  shotm 
thaty  in  the  cat,  stimulation  of  the  sciatic  still  calk  forth  a  secnv 
tion  after  the  blood  htLs  l^een  shut  off  from  the  leg  by  ligatioo 
the  aorta,  or  indeed  after  the  leg  has  been  amputated  for  aa 
as  twenty  minutes.     So  in  himian  beings  it  is  known  that 
sweating   may    often   accompany  a    pallid   skin,  as  in  terror 
nausea,  %vhile,  on  the  other  hand,  the  Hushed  skin  of  fever  is  d 
acterized  by  the  absence  of  perspiration.     There  seems  to  be 
doubt  that  the  sweat  ner\'es  are  genuine  secretory  fibers* 
a  secretion  in  coa'sequence  of  a  direct  action  on  the  cells  of  the 
glands.     In   accordance   with   this   physiological   fact   hist< 
work  lias  demonstrateil  that  special  nerv^e  fil:>ers  are  supplied  t» 
the  glandular  epithelium.     Acconling  to   Arnstein,    the  Uaoxaai 
fibers  form  a  small,  branching,  varicose  ending  in  contact  with  Ai| 
epithelial  cells.    The  sweat  gland  may  be  made  to  secrete  in 
ways  other  than  by  direct  artificial  excitation  of  the  sweat 
for  example,  by  external  heat,  dyspnea,  muscular  exercise, 
emotions,  antl  by  the  action  of  various  drugs,  such  as  pilocufjfc 
miiscarin,  strychnin,  nicotin,  picrotoxin,  and  ph3^sostigmin.    lo  J 
Buch  cases  the  effect  is  supposed  to  result  from  an  action  oo  tto 
sweat  fibers,  either  directly  on  their  terminations  or  indirectly  iipa» 
their  cells  of  origin  in  the  central  nerv^ous  syst-em.     In  aidin«! 
life  the  usual  cause  of  profuse  sweating  is  a  high  external  temp*^ 
ature  or  muscular  exercise.     With  regard  to  the  former  it  is  knota 
that  the  high  temperature  does  not  excite  the  s^^eat  gUmdi  ^I^ 
mediately,  but  through   the  intervention  of  the  centml  tim^ 
sj^stem.     If  the  nerv'es  going  to  a  limb  be  cut,  exposure  of  th* 
limb  to  a  high  temj^erature  does  not  cause  a  seeretbn^  AmsfS4 
that  the  temperature  change  alone  is  not  sufficient  to  exxiH  ^ 
gland  or  its  terminal  nerv^e  fibers.     We  must  suppose,  ibcwta^ 
that  the  high  temperature  acts  upon  the  sensory^  cutaneous  neni^ 
*  "  Joiirniil  of  Physiology/'  12,  347,  1801, 
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loesibly  the  heat  fibers,  and  reflexly  stimulates  the  sweat  fibers. 
Although  external  temperature  does  not  directly  excite  the  glands, 
i  should  be  stated  that  it  affects  their  irritability  either  by  direct 
iction  on  the  gland  cells  or  upon  the  terminal  nerve  fibers.  At  a 
BuflSciently  low  temperature  the  cat's  paw  does  not  secrete  at  all, 
and  the  irritability  of  the  glands  is  increased  by  a  rise  of  temper- 
ature up  to  about  45°  C. 

Dyspnea,  muscular  exercise,  emotions,  and  many  drugs  affect 
the  secretion,  probably  by  action  on  the  nerve  centers.  Pilocarpin, 
on  the  contrary,  is  supposed  to  stimulate  the  endings  of  the  nerve- 
fibers  in  the  glands,  while  atropin  has  the  opposite  effect,  com- 
jrfetely  paralyzing  the  secretory  fibers. 

Sweat  Centers  in  the  Central  Nervous  System. — ^The  fact  that 
secretion  of  sweat  may  be  occasioned  by  stimulation  of  afferent 
nerves  or  by  direct  action  upon  the  central  nervous  system,  as  in 
the  case  of  dyspnea,  implies  the  existence  of  physiological  centers 
controlling  the  secretory  fibers.  The  precise  location  of  the  sweat 
coiter  or  centers  has  not,  however,  been  satisfactorily  determined. 
HistologicaUy  and  anatomically  the  arrangement  of  the  sweat 
fibers  resembles  that  of  the  vasoconstrictor  fibers,  and,  reasoning 
from  analogy,  one  might  suppose  the  existence  of  a  general  sweat 
center  in  the  medulla  comparable  to  the  vasoconstrictor  center, 
Iwit  positive  evidence  of  the  existence  of  such  an  arrangement  is 
'•eking.  It  has  been  shown  that  when  the  medulla  is  separated 
from  the  cord  by  a  section  in  the  cervical  or  thoracic  region  the 
action  of  dyspnea,  or  of  various  sudorific  drugs  supposed  to  act  on 
^  central  nervous  system,  may  still  cause  a  secretion.  On  the 
evidence  of  results  of  this  character  it  is  assumed  that  there  are  spinal 
•^t  centers;  but  whether  these  are  few  in  number  or  represent 
fonply  the  various  nuclei  of  origin  of  the  fibers  to  different  regions 
"8  not  definitely  known.  It  is  possible  that  in  addition  to  these 
^feal  centers  there  is  a  general  regulating  center  in  the  medulla. 

Sebaceous  Secretion. — ^The  sebaceous  glands  are  simple  or 
fompound  alveolar  glands  found  over  the  cutaneous  surface,  usually 
^  association  with  the  hairs,  although  in  some  cases  they  occur 
Separately,  as,  for  instance,  on  the  prepuce  and  glans  penis,  and 
pn  the  lips.  When  they  occur  with  the  hairs  the  short  duct  opens 
^^  the  hair  follicle,  so  that  the  secretion  is  passed  out  upon  the 
•^  near  the  point  at  which  it  projects  from  the  skin.  The  alveoli  are 
SBed  with  cuboidal  or  polygonal  epithelial  cells,  which  are  arranged 
*i  several  layers.  Those  nearest  the  Imnen  of  the  gland  are  filled 
Wth  fatty  material.  These  cells  are  supposed  to  be  cast  off  bodily, 
■fceir  detritus  going  to  form  the  secretion.  New  cells  are  formed 
^m  the  layer  nearest  the  basement  membrane,  and  thus  the  glands 
^ntinue  to  produce  a  slow  but  continuous  secretion.  The  sebaceous 
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secretion,  or  sebum,  is  an  oily,  semiliquid  material  that  set^ 
exposure  to  the  air,  to  a  cheesy  mass,  as  is  seen  in  the  goo 
or  pimples  which  so  frequently  occur  upon  the  skin  from  fx 
of  the  opening  of  the  ducts.  The  exact  composition  of  the  m 
is  not  known.  It  contains  fats  and  soaps,  some  cholest€rii 
minous  material  (part  of  which  is  a  nucleo-albuniin  often  di 
as  a  casein),  remnants  of  epithelial  cells,  and  inorganic  salt 
cholesterin  occurs  in  combination  with  a  fatty  acid,  and  is  f 
especially  lai-ge  quantities  in  sheeji's  wool,  from  which  it  is  69 
and  used  commercially  under  the  name  of  lanolin.  The  se 
secretion  from  different  places,  or  in  different  animals,  is  p 
soniewliat  variable  in  coniposition  as  well  as  in  qujuitit] 
secretion  of  the  prepuce  is  known  as  the  smegma  prctpuln; 
the  external  auditory  meatus,  mixed  with  the  secretion  of  th 
boring  sweat  glands  or  cenuninous  glands,  forms  the  well 
earwax  or  cerumen.  The  secretion  in  this  place  contains  s 
pigment  of  a  bitterish-sweet  taste,  the  composition  of  wh 
not  been  investigated.  I'pon  the  skin  of  the  newly  horn 
baceous  material  is  accumulated  to  form  the  i^emix  casam 
well-known  iiropygal  gland  of  birds  is  homologous  with  th 
nmlian  sebaceous  glands,  and  ite  secretion  has  been  obU 
suflicient  quantities  for  chemical  analysis.  Physiological] 
believed  that  the  sebaceous  secretion  affords  a  proteeuoa 
skin  and  hairs.  Its  oily  character  doubtless  serves  to  prol 
Imirs  from  becoming  too  brittle,  or,  on  the  other  hand.frtil 
too  easily  saturated  with  external  moisture.  In  this  way  i 
ably  aitls  in  making  the  hairy  coat  a  more  perfect  protection 
the  effect  of  external  changes  of  temperature.  Upon  the  m 
the  skin,  also,  it  forms  a  thin,  protective  layer  that  tends  to 
undue  loss  of  heat  from  evaporation  of  the  sweat  and  poe 
important  in  other  ways  in  maintaining  the  physiological  ji 
of  the  external  surface. 

Excretion  of  COj,— In  some  of  the  lower  animab— ll 
for  example— the  skin  takes  an  important  part  in  the  raq 
exchanges,  eliminating  COj  and  absorbing  O,  In  man,  m 
sumably  in  tlie  mammalia  generally,  it  has  been  ascertaini 
changes  of  this  kind  are  very  slight.  Estimates  of  the  &mi 
CO  J  given  off  from  the  skin  of  man  during  twenty-four  bail 
greatly,  but  the  amount  is  small,  about  7  to  8  gms,  in  tweB 
hours,  unless  there  is  marked  sweating,  in  which  case  Uiaj 
noticeably  increased. 


CHAPTER  XLVT. 

SECREnON    OF  THE   DUCTLESS    GLANDS-INTERNAL 
SECRETION. 

The  term  "internal  secretion"  is  used  to  designate  those  secre- 
tions of  glandular  tissues  which,  instead  of  being  carried  off  to  the 
corterior  by  a  duct,  are  eliminated  in  the  blood  or  lymph.  The  idea 
that  secretory  products  may  be  given  off  in  this  way  has  long  been 
hdd  in  reference  to  the  ductless  glands,  such  as  the  thyroid,  pitui- 
tary body,  etc.,  the  absence  of  a  duct  suggesting  naturally  such  a 
possibility.  The  term,  however,  seems  to  have  been  employed 
fiwt  by  Claude  Bernard,  who  emphasized  the  distinction  between 
ti»  ordinary  secretions,  or  external  secretions,  and  this  group  of 
internal  secretions.  Modern  interest  in  the  latter  is  due  largely  to 
W)ric  done  by  Brown-S^quard  (1889)  upon  testicular  extracts,  work 
^ch  itself  was  of  doubtful  value.  This  author  was  led  to  amplify 
the  conception  of  an  internal  secretion  by  the  assumption  that  all 
tMBues  give  off  a  something  to  the  blood  which  is  characteristic, 
Md  is  of  importance  in  general  nutrition.    This  idea  led  in  turn  to 

•  revival  of  some  old  notions  regarding  the  treatment  of  diseases 
of  the  different  organs  by  extracts  of  the   corresponding  tissue, 

•  therapeutical  method  usually  designated  as  opotherapy.  Brown- 
8<qiiard's  extension  of  the  idea  of  internal  secretion  has  not  been 
Wified  by  subsequent  work,  and  to-day  we  must  limit  the  term 
to  tissues  that  have  a  glandular  structure.  Experience  has  shown, 
uowever,  that  not  only  the  ductless  glands,  but  some  at  least  of  the 
^ical  glands  provided  with  ducts  may  give  rise  to  internal  secre- 
tions, the  pancreas,  for  example.  In  some  of  the  ductless  glands, 
on  the  contrary,  the  existence  or  non-existence  of  an  internal  secre- 
fen  is  still  an  open  question.  The  work  done  since  1889  has,  how- 
•^W,  demonstrated  fully  that  some  of  the  ductless  glands  play  a 
J^le  of  the  very  greatest  importance  in  general  nutrition,  and  this 
^wledge  has  proved  useful  in  widening  our  conception  of  the 
^tritional  relations  in  the  organism  and  besides  has  found  a  valuable 
plication  in  practical  medicine.  The  conception  that  certain 
tiandular  organs  may  give  rise  to  chemical  products  which  on 
^tering  the  circulation  influence  the  activity  of  one  or  more  other 
^gans  has  recently  found  a  fruitful  application  in  the  study  of  the 
digestive  secretions.     The  gastric  and  pancreatic  secretins   may 
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be  regarded  as  examples  of  internal  secretions.  Chemical  produd 
of  this  kind  which  stimulate  the  activity  of  special  organs  SlArlii 
designates  ns  hormonffi*  From  this  point  of  view  the  actil 
suhst^ances  formed  in  the  th\Toids,  adrenal  glands,  etc.,  may 
he  classified  as  specific  hormones.  Starling  suggests  that  til 
means  of  coordinating  the  activities  of  the  various  parta  of 
complex  organism  may  be  regarded  as  the  most  primiti\'e»  wfci 
the  better-known  coordination  thrt»ugh  the  metlium  of  a  uerv( 
system  is  of  later  development.  In  the  mammalian  boily  U 
methods,  as  we  have  seen,  are  empluyecL 

Liver. — We  do  not  usually  regard  the  hver  as  furnishing 
internal  secretion.  As  a  matter  of  fact,  it  does  form  two 
Within  its  cells — p:Iycogen  (sugar)  and  urea — which  are  sul 
given  off  to  the  blood  for  purposes  of  general  nutrition  or 
ination.  The  processes  in  this  case  fall  under  the  genej 
tion  of  internal  secretion,  and,  in  fact,  may  be  used  to 
specifically  the  meaning  of  this  tenn.  The  histon*  of  glyi 
urea  has  been  considered. 

Internal  Secretion  of  the  Thyroid  Tissues. — The 
portent  and  definite  outcome  of  the  work  on  internal  secreCiofB 
been  obtaintxl  with  the  thyroids.     Recent  ejc penmen tal 
this  organ  makes  il  necessary-  for  us  now  to  distinguish  bet 
thyroid  and    the    parathyroid  tissues.     The  thyroids  pro] 
two  oval  btKlies  lying  on  the  sides  of  the  trachea  at  ii£  junci 
the  larv^nx.     They  have  no  ducts,  and  are  composed  of  v< 
different  sizes,  which  are  lined  by  a  single  layer  of  euboidal 
lium  and  contain  in  their  interior  a  material  know^n  as  col 
number  of  histologists  have  tracetl  the  fonnation  of  tiiis 
the  lining  epithelial  cells,  and  have  stated,  moreover^  that  tbel 
finally  rupture  and  discharge  the  colk>id  into  the  surrounding 
phatic  spaces.     Accessory  tkifroids  varying  in  size  and  ni 
l)e  found  along  the  trachea  as  far  down  aa  the  heart.     Theyl 
a  vesicular  stnicture  and  no  doubt  have  a  function  similar  to 
of  the  thyroid  body. 

The  parathifroiifs  are,  according  to  most  authors,  quite 
Btmctures.     Four  of  these  bodies  are  usually  described,  two 
side,  and  their  positions  vary  somewhat  in  different  ani 
indeed,  in  different  individuals,  t    In  man  the  superior  (orinl 
parathyroids  are  found  upon  the  posterior  surface  of  the  th: 
at  t!ie  level  of  the  junction  of  its  iipiier  with  its  middle  thini 
may  be  imbethled  in  the  thyroid  tissue.    The  inferior  (ore* 
parathyroids  he  near  the  lower  margin  of  the  thyroid  on  it« 

*  For  gi?neral  diacussion,  consult  Starling,  **  Recent  AdwMSf  in  ' 
PhyHk)lo#?y  of  DiKititron,"  Chkago,  1906. 

t  Tho'rapaorij  "  Philosophical  TraiiBaciionSf  Roy.  Soc.,"  Unkdoiii  B  3 
91,  1910. 
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:  surface  and  in  some  cases  lower  down  on  the  sides  of  the  trachea. 
le  tissue  has  a  structure  quite  different  from  that  of  the  thy- 
ids,  being  composed  of  solid  masses  or  columns  of  epithelial 
Us  which  are  not  arranged  in  vesicles  and  contain  no  colloid. 

Extirpation  of  the  Thyroids  and  Parathyroids. — ^In  1856 
hiff  showed  that  extirpation  of  the  thyroids  (complete  thyroi- 
ctomy)  in  dogs  is  followed  usually  by  the  death  of  the  animal  in 
e  to  four  weeks.  The  animal  exhibits  certain  characteristic  symp- 
nos,  such  as  muscular  tremors,  which  may  pass  into  convulsions, 
chexia,  emaciation,  and  a  condition  of  apathy.  This  result  was 
nfinned  by  subsequent  observers,  but  many  exceptions  were  noted, 
neat  interest  was  shown  in  these  results,  because  on  the  surgical 
ie  reports  were  made  showing  that  after  complete  removal  of  the 
lyioids  in  cases  of  goiter  evil  consequences  might  ensue,  either 
mte  convulsive  attacks  or  chronic  malnutrition.  On  the  other 
Mid,  it  became  known  that  atrophy  of  the  thyroids  in  the  young 
»  responsible  for  the  condition  of  arrested  growth  and  deficient 
^iental  development  designated  as  cretinism,  and  in  the  adult  the 
wne  cause  gives  rise  to  the  peculiar  disease  of  myxedema,  character- 
Bed  by  distressing  mental  deterioration,  an  edematous  condition 
rf  the  skin,  loss  of  hair,  etc.  Schiff  and  others  found  that  the  evil 
Wilts  of  complete  thyroidectomy  in  dogs  might  be  obviated  by 
pafting  pieces  of  the  thyroid  in  the  body,  and  this  knowledge  was 
imddy  applied  to  human  beings  in  cases  of  myxedema  and  cretinism 
wth  astonishingly  successful  results.  Instead  of  grafting  thyroid 
k^Bue  it  was  found,  in  fact,  that  injection  of  extracts  under'  the 
tei  or  better  still  simple  feeding  of  thyroid  material  gave  similar 
^▼orable  results:  the  individuals  recovered  their  normal  appear- 
^'^  and  mental  powers.*  It  is  stated  that  in  cases  of  myxedema 
'if^  patient  maybe  kept  in  perfect  health  by  the  administration  of  as 
''We  as  60  to  130  mgm.  every  three  or  four  days.  Later  Baumann  f 
f^cceeding  in  isolating  from  the  glands  a  substance  designated  as 
}f^dothyrin  or  ihyroiodin,  which  shows  in  large  measure  the  beneficial 
•^uence  exerted  by  thyroid  extracts  in  cases  of  myxedema  and 
P^nchymatous  goiter.  This  substance  is  characterized  by  con- 
Widng  a  large  amount  of  iodin  (9.3  per  cent,  of  the  dry  weight). 
[t  is  contained  in  the  gland  in  combination  with  protein  bodies, 
^ta  which  it  may  be  separated  by  digestion  with  gastric  juice  or 
y  boiling  with  acids. 

The  Ftinction  of  the  Parathyroids. — Most  of  the  results  des- 

•For  a  general  account  of  the  development  of  the  subject  and  the  liter- 
•Uie  see  "Transactions  of  the  Congress  of  American  Physicians  and  Sur- 
J>»8"  (Howell,  Chittenden,  Adami,  Putnam,  Kinnicutt,  Osier),  1897;  Jean- 
^iae,  "Insuffisance  thyroidienne  et  parathyroidienne,"  Nancy,  1902;  Vincent, 
Eternal  Secretions,"  etc..  Lancet,  Aug.  11  and  18, 1906:  also  "Ergebnisseyder 
^Jrsiologie,"  11,  1911.     Biedl,  "Innere  Sekretion,"  Berlin,  1910.  / 

t  "Zeitfichrift  f.  physiolog.  Chemie,"  21,  319,  and  481,  1896. 
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cribed  above  were  obtained  before  the  existence  of  the  paiirin 
roidsi  was  recugnizeci.  Early  in  the  history  of  the  subject  it  wi 
rec'Dgiiized  that  complete  removal  of  the  th>Toids  proper  in  becbl 
orous  anitnak  (rats,  rabbits)  is  not  attended  by  a  faf4il  fee 
Gley  and  others,  however,  proved  that  if  the  parath}Toids  ako 
removed  these  animals  die  with  the  symptoms  descrfljed  in 
case  uf  dugs,  cat^s,  and  other  carnivorous  animals.  This 
attracted  attention  to  tlie  parathyroids.  Numerous  experioMI 
by  Mous.su,  Clley,  V'assale  and  Generale,  and  others  have 
to  show  a  marked  difference  between  the  results  uf  xhyt 
dectomy  and  parathyroidectomy.  When  the  parathv^roids alone 
removed  the  animal  dies  quickly  with  acute  s^niptonis, 
con\TjlKions  (tetany),  etc.;  when  the  thyroids  alone  are 
the  animal  may  survive  for  a  long  period,  but  develops  a 
of  chronic  nialnutrition^— a  slowly  increasing  cachexia  which 
exhibit  itself  in  a  condition  reseml>hng  myxedema  in  man. 
distinction  has  lieen  generally  accepted,  and  it  throw^s  much 
upon  the  discTepancy  in  the  result-s  obtained  by  some  of  the 
obser\ers.  Complete  thyroidectomy  with  the  acutely  fatal 
usually  described  includes  those  cases  in  w^hich  both  th\7x)icia 
parathyroids  were  removed,  while  probably  many  of  the  apj 
negative  results  obtained  after  excision  of  the  thyroids  are 
calile  on  the  supposition  that  one  or  more  of  the  parath>Toids 
left  in  the  anunal.  It  should  be  stateil,  however,  tliat  two 
observers,  Mncent  and  Jolly,  as  the  result  of  nimierous 
ments  made  u}x>n  different  varieties  of  animals,  throw  aoi 
upon  these  conclusions.  They  contend  that  in  herbivorous 
fully  half  of  those  operated  upon  survive  complete  removal 
thyroid  tissue,  showing  no  evil  symptoms  except  perhaps  a 
minisheil  resistance  to  infection.  Carnivorous  animals,  on  the 
trary,  usually  die  after  such  an  operation.*  In  spite  of  such 
tradictory  results  in  the  hands  of  some  observers  the  general  0[ 
prevails  that  complete  removal  of  the  parath>Toids  is  followed 
acutely  toxic  results  which  ilevelop  rapidly,  and  the  mo^ 
symptom  of  which  is  muscular  tetany.  This  tetany 
itst^f  as  filtrillar  contractions  of  the  muscles,  a  general 
tremor,  tonic  and  clonic  spasms  of  the  muscles  or  ** 
spasms/'  that  is,  spasmodic*  or  uncoordinated  contractions  foOji 
ing  upon  an  effort,  to  make  a  voluntary  movement,  t  As  fe 
known ^  similar  symptoms  are  often  obser\Td  under  other 
tions,  infantile  tetany,  gastro-intestinal  tetany,  etc,  and  it 
been  suggested  that  in  all  such  cases  the  initial  difficulty  i 
consist  in  the  insufficiency  of  active  parath^^Toid  tissue.    Srrtil 

*  84?e  also  Hal  penny  in  **  Surgery,  Gyii€'Colog>%  and  Obstetrics,^  ^^*l1j* 
t  For  lit'Crature  and  8ummary,  aee  Bing,  "Z^ntralblatt  f.  i  Fhf^ 
Pathol,  d.  Stoffwechaels,"  IdOS,  Noe,  1  and  2;  abo  Biedl,  he,  €it. 
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observers  have  reported  that  injections  of  extract  of  the  parathy- 
roids cause  the  tetany  to  disappear  without,  however,  protecting 
the  animal  from  a  fatal  outcome.  Macallum  and  Voegtlin* 
find  that  injection  or  ingestion  of  solutions  of  calcium  salts  removes 
completely  the  symptoms  of  tetany  and  restores  the  animal  to 
an  apparently  normal  condition.  They  have  obtained  similar 
results  upon  human  beings  suffering  from  tetany  as  a  result  of 
unintentional  removal  of  the  parathyroids.  The  experimental 
evidence  in  the  case  of  the  parathyroids  tends  to  support  the 
view  that  their  function  consists  in  neutralizing  in  some  way 
toxic  substances  formed  elsewhere  in  the  body,  and  that,  therefore, 
after  removal  of  these  glands  death  occurs  from  the  accumulation 
of  such  toxic  bodies  in  the  blood  and  tissues.  Thus  Macallum 
states  that  in  animals  in  which  tetany  has  developed  as  a  conse- 
quence of  extirpation  of  the  parathyroids,  bleeding  and  infusion 
of  salt  solution  causes  the  tetany  to  disappear.  The  results 
<Iuoted  above  in  regard  to  the  therapeutic  value  of  calcium  salts 
^ould  seem,  moreover,  to  connect  the  parathyroid  function  with 
the  calcium  metabolism  and  to  relate  the  development  of  toxic 
substances  with  an  insufficiency  of  calcium,  but  at  present  no 
precise  statement  can  be  made  in  regard  to  the  way  in  which 
these  bodies  perform  their  very  important  function.  The  view 
that  the  parathyroids  are  simply  immature  thyroid  tissue  is  still 
supported  by  some  observers,  being  based  chiefly  on  tlie  his- 
tological finding  that  after  removal  of  the  thyroids  the  para- 
tiiyroids  may  hypertrophy  and  show  thyroid  cysts  containing 
coloidal  material.  Most  observers,  however,  take  the  view 
outlined  above,  that  the  parathyroids  have  a  functional  signifi- 
^lice  essentially  different  from  that  of  the  thyroids,  and  that  the 
parathyroids  as  they  exist  in  the  body  are  not  simply  undeveloped 
^  immature  thyroid  tissue.  At  the  same  time  it  is  becoming 
Bpnerally  recognized  that  different  as  the  functions  of  these  two 
^^es  may  be,  they  are  in  some  way  correlated,  and  that  the 
"Binoval  of  one  of  them  influences  the  activity  of  the  other. 

The  Function  of  the  Thyroid. — According  to  the  opinion 

^f  most  writers  on  the  subject,  removal  of  the  thyroid  alone, 

^ving,  at  least,  the  external  parathyroids  uninjured,  is  followed 

^  the  development  of  a   state  of  chronic  malnutrition  which 

^^presses  itself  finally  in  a  condition  of  cachexia.     Following  a 

*®^mology  sometimes  used  in  medical  literature,  this  cachectic 

^iidition  may  be  designated  as  **  cachexia  thyreopriva, "  whereas 

***«  convulsive  phenomena  or  tetany,  formerly  also  described  as 

*  Symptom  of  loss  of  the  thyroid  is  due  rather  to  removal  of  the 

,•  Macallum  and  Voegtlin,  ^'Johns  Hopkins  Hospital  Bulletin,"  March, 
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parath>Toid,  and  may  l>o  charaetprized  as  "tetania 
priva."  No  adequate  extilanation  has  been  furnished  of  ll 
fluence  exercised  by  the  thyroid  on  the  nutrition  of  the  bod] 
is  usually  assumed  that  the  thjToid  eel  Is  form  an  internal  sec 
which  is  (contained  possibly  in  the  roUoid  material  found  1 
vesicles.  This  view  assumes  that  the  th>Toid  fonns  a  q 
hormone  which  acts  as  a  chemical  stimulus  to  other  ti 
particularly  those  of  the  central  nervous  system.  Some 
fication  for  this  \'iew  is  found  in  the  effect  of  feeding  tl 
tissue  to  normal  individuals.  There  may  i>e  produced 
these  circumstances  a  condition  which  may  be  desigiiAt 
hyperthyroidism,  that  is  to  say,  the  metabulisra  of  the  tia 
augmented  as  is  shown  by  an  increase  in  the  excretion  of  nit 
carbon  dioxid,  and  phosphoric  acid,  and  by  an  increisN 
sumption  of  oxygen,  the  heart-rate  is  also  accelerated,  and 
evidences  are  given  of  an  excitation  of  tlie  nervous  system. 
lar  symptoms  ai^e  ul)ser\'ed  in  tlie  pathological  condition  1 
as  exophthalmic  goiter,  which  is  now  usually  explained  ad 
due  to  a  hvperthyroidism  resulting  from  an  hypcrtr*»phy 
thyroid  tissue.  As  w:is  stated  al>t)ve,  Baumann  isolated  fw 
thyroid  a  peculiar  substance,  iodothjTin,  which  is  charad 
chemically  by  its  large  percentage  of  iodin,  and  phygiolpi 
by  the  fact  that  when  useii  upon  patients  suffering  fromi 
ciency  in  functiunal  activity  of  tlie  thyroid  (myxedema.  pA 
gives  the  same  benehcial  results  iis  th^Toid  tissue  itself.  ! 
gland  this  iodothyrin  is  combined  with  protein  to  form  all 
globulin  or  thyreoprofcein.  There  lias  been  much  dbc 
regarding  the  lodin  constituent  of  the  th}Toid  tissue*  ExI 
observations  have  shown  that  in  some  entirely  healthy  Al 
iodin  is  absent  or  is  i>re^seiit  only  in  traces,  and  in  animab  in 
it  is  present  the  amount  may  var>^  greatly  with  the  chanK 
the  food.     Hunt  gives  the  following  talde: 

Per  c*iit,  <*(  iodlB, 

Childrt^n's  tliyn>id....  none, 

Maltivse  kid  thyroid .  .  .  noiir. 

Guinea-pi^  tliyroid.  0.05 

Dog  Ihyroid. .....  0.061 

Cat  thyroids ,0.08 

Sheep  thyroid. ...  0.1 7<J 

Beef  thyroid 0.25 

Hog  thyroid 0.33 

Human  (Wells),..  0.236 

Human  (goitre) ,0.04 

Opinions  in  regard  to  the  significance  of  the  iodin  have  ^ 
from  the  view,  on  the  one  liaud,  that  it  is  an  essential  pon^ 
of  the  physiologicaily  active  suhstanee  secreted  by  tk»egUrn 
the  opposite  extreme  that  it  is  an  injurious  subst^ncf  ^^^ 
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nd  and  made  innocuous  by  the  thyroid  cells.  The  balance 
vidence  seems  to  favor  the  first  point  of  view,*  and  at  present 
may  conclude  that  the  iodin  in  some  way  intensifies  the 
vity  of  the  internal  secretion  of  the  thyroid.  That  it  is  abso- 
jly  necessary  to  this  activity  is  rendered  improbable  by  the 
i  that  iodin-free  thyroids  appear  still  to  exercise  their  normal 
iience  upon  metabolism,  but  administration  of  iodin  in  the 
I  not  only  raises  the  iodin  percentage  in  the  gland  but  also 
eases  proportionately  the  physiological  activity  of  extracts 
he  tissue.  Experiments  show  also  that  the  known  effects  of 
"oid  extracts  are  greater  in  the  iodin-rich  than  in  the  iodin- 

•  glands. 

rhymiis. — The  physiology  of  the  thymus  gland  is  very  obscure, 
ed,  practically  nothing  is  known  about  its  fxmctions.  Its  prox- 
y  to  the  thyroids  and  parathyroids  and  its  general  similarity 
rigin  would  indicate  that  like  them  it  may  have  some  impor- 

specific  influence  upon  metabolism,  but  physiological  experi- 
ta  so  far  have  failed  to  discover  what  this  influence  is  except 
stablish  in  a  general  way  a  connection  with  growth  and  with 

development  of  the  reproductive  organs.  According  to 
iun  the  thymus  arises  from  the  endothelial  pouches  belonging 
hie  branchial  clefts,  chiefly  from  that  of  the  third  cleft.  For- 
^y  it  was  supposed  to  reach  its  maximal  development  at  birth, 
subsequently  to  atrophy,  being  replaced  by  a  growth  of  lym- 
d  and  fatty  tissues.  More  recently  doubt  has  been  thrown 
:i  this  belief.  Several  observers  have  stated  that  it  continues  to 
sase  in  size  after  birth  until  the  appearance  of  puberty,  and 

•  true  thymus  tissue  may  persist  throughout  life.  Stohr,  in 
p  insists  that  what  has  usually  been  taken  as  lymphoid  tissue 
be  adult  thymus  is,  in  reality,  epithelial  or  endothelial  tissue 
5h  presumably  has  some  specific  function.  The  organ,  in 
>  seems  to  be  an  unusually  labile  structure.     Deficient  nutri- 

leads  to  a  rapid  decline  in  weight.  According  to  Jonson, 
^nic   underfeeding   in    rabbits   for   a   period   of   four   weeks 

reduce  the  weight  to  ^  of  its  normal,  and  from  this  con- 
in  it    recovers  rapidly   upon  the   restoration  of    a  normal 

•  On  the  physiological  side,  Abelous  and  Billard  have  stated 
^  extirpation  of  these  glands  in  the  frog  is  followed  by 
death  of  the  animal,  but  later  observers  have  failed  to  con- 
1  this  result  either  upon  frogs  or  mammals  except  in  the  case  of 
y  young  animals.  Removal  of  the  gland  in  young  dogs  (Basch) 
iid  to  cause  a  retarded  growth  of  the  bony  tissues  and  to  induce 

*For  discussion  and  literature,  consult  Hunt,  "Studies  on  Th3rroid," 
rgienic  Laboratory  Bulletin,"  1909,  No.  47,  Washington,  D.  C;  and 
It  and  Seidell,  "Journal  of  Pharmacology  and  Experimental  Therapeutics," 
5,  1910. 
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a  condition  resembling  rickets.  At  the  same  time  the  periphenl 
nervous  system  shows  an  inereased  excitability  as  determiiwHl  bf 
the  n^sponse  of  the  nerves  to  galvanic  stimulation.  Somewh&t 
similar  but  more  extensive  experiments  have  been  reported  by 
Klose  and  Vogt .  When  thymectomy  is  performed  on  quite  youn| 
dogs  (10  days),  very  serious  consequences  result,  ending  pi*rhaps 
in  a  fjondition  of  coma  and  death.  These  results  develop  sloirly: 
there  is  first  a  stage  of  increased  fat  formation  and  latter  one  of 
malnutrition  or  cachexia  which  manifests  ItseK  strikingly  in  ta 
atrophic  and  undeveloped  condition  of  the  lx*nes,  although  th«e 
is  besides  a  general  asthenic  or  adynamic  condition  which  manifesto 
itself  also  in  a  mental  deterioration.  Thc^se  re^ult^  tiKiifita 
decisively  that  in  very  early  life  the  thymus  exercises  imparu&t,l 
indeed,  essential  functions,  which  later,  after  the  period  of  bvolt>- ■ 
tion  of  the  gland  l>egins,  are  gradually  suspended  or  transferrwl- 
Injeetions  of  extract  of  the  gland  (Svehia)  cause  a  fall  of  hlood- 
pressure  and  some  quickening  of  the  heart-beat,  but  these  ff ert# , 
are  not  specific.  Unlike  the  thjToid  and  parathyroid  glimdss  i 
thymus  contains  no  iodin  (Mendel).  One  suggestion  made  i 
ing  it^  influence  is  that  tliere  is  some  sort  of  reciprocal  relation 
between  it  and  the  reproductive  glands.  Castration  (Henderwo) 
causes  a  pc^rsistent  growth  and  retarded  atrophy  of  the  thymuiy 
while  removal  of  the  thjinus  (Paton)  hastens  the  development  rf 
the  testes.*  Another  more  specific  hypothesis  is  the  one  adti^ 
cated  liy  Klose  and  Vogt.  in  the  work  referred  to  above»  moofiff 
that  the  th^Tiius  prevents  the  excessive  accumulation  of  acid 
the  body,  particularly  phosphoric  acid  or  its  compounds,  and  that  it 
exerts  this  action  probably  by  synthesizing  these  acids  into  nuctof 
acid  or  nuclein  compounds. 

Perhaps  the  most  suggestive  experiments' reported  in  regsirdt" 
the  thj-TOus  are  those  of  Oudernatsch.  f  He  finds  that  wii< 
tadpoles  fed  upon  thymus  gland  are  stimulated  to  eacceaarr 
growth,  w^hile  the  changes  of  metamorphosis  to  the  frog-€tagfi^ 
correspondingly  delayed.  When  thyroid  gland  is  fed  cootrtfy 
results  are  obtained.  Further  growth  is  inlubited  and  the  chinp 
of  metamorphosis  are  accelerated,  so  that  dwarf  frogs  are  produtei 
This  apparently  direct  proof  that  the  thymus  is  connected  wiA 
growih  falls  in  very  well  with  wiiat  is  stated  above  in  regard  to  A' 
importance  of  this  organ  during  the  prepubertal  period* 

♦  Rrf erf^ncrs :  FriecUeben,  '^Die  Pbysiolugie  der  Thymufldritoc"  J^ 
Verdun,  "D^riv<5s  branchiaux  chez  les  vert^br6s,"  1898;  HcndersoD,  "io*>5 
of  Physiology/'  1904,  xxxi.,  222;  Stohr.  "Bdt.  ».  Anat.  u,  Entwidc.  AnaSm 
Hefte,  11106,  xxxi.,  40*J;  Jonson,  ^'Archiv  f.  roik.  Anat,/'  73.  390.  1909;  Bn* 
'^Jahrbuch  f,  Kinderhcilkundp,''  64,  1906,  and  68.  190g;  Kkse  sod  \^ 
'^Klinik  u.  Biologie  d.  Thymusdriiap,"  Tiibiiigen,  1910. 

fGudematsch,  **Zcnifmlblatt  fiir  Physiolo^ie,"  1912,  No.  7, 
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Adrenal  Bodies. — The  adrenal  bodies — or,  as  they  are  frequently 
lied  in  human  anatomy,  the  suprarenal  capsules — ^belong  to  the 
oup  of  ductless  glands.  It  was  shown  first  by  Brown-S6quard 
856)  that  removal  of  these  bodies  is  followed  rapidly  by  death. 
LIS  result  has  been  confirmed  by  many  experimenters,  and  so  far 

the  observations  go  the  efifect  of  complete  removal  is  the  same 

all  animals.  The  fatal  effect  is  more  rapid  than  in  the  case  of 
moval  of  the  thyroids,  death  following  the  operation  usually  in 
ro  to  three  days,  or,  according  to  some  accounts,  within  a  few 
lure.  The  symptoms  preceding  death  are  great  prostration,  mus- 
Jar  weakness,  and  marked  diminution  in  vascular  tone.  These 
mptoms  resemble  those  occurring  in  Addison's  disease  in  man, — 
disease  which  clinical  evidence  has  shown  to  be  associated  with 
ikthological  lesions  in  the  suprarenal  capsules.  It  has  been  ex- 
ected,  therefore,  that  the  results  obtained  from  th)rroid  treatment 
I  myxedema  might  be  paralleled  in  cases  of  Addison's  disease  by 
be  use  of  adrenal  extracts,  but  so  far  these  expectations  have  not 
•een  completely  realized.  Oliver*  and  Schaefer,  and,  about  the 
wne  time,  Cybulski  and  Szymonowicz,f  discovered  that  this  organ 
onns  a  peculiar  substance  that  has  a  very  definite  physiological 
^n,  especially  upon  the  circulatory  system.  They  foimd  that 
queous  extracts  of  the  medulla  of  the  gland  when  injected  into  the 
^ood  of  a  living  animal  have  a  remarkable  influence  upon  the  heart 
•^  blood-vessels.  If  the  vagi  are  intact,  the  adrenal  extracts  cause 
•very  marked  slowing  of  the  heart  beat  together  with  a  rise  of  blood- 
W'essure.  When  the  inhibitory  fibers  of  the  vagus  are  thrown  out 
•f  action  by  section  or  by  the  use  of  atropin  the  heart  rate  is  ac- 
derated,  while  the  blood-pressure  is  increased  sometimes  to  an 
^rtraordinary  extent.  These  results  are  obtained  with  very  small 
'oses  of  the  extracts,  but  only  from  extracts  which  include  the 
aedullary  substance  of  the  gland.    The  medullary  cells  contain 

chromogen  substance  (chromaphil  or  chromaffin)  which  gives  a 
^ow  reaction  with  chromates.  The  physiological  activity  of  the 
l^d,  so  far  as  the  effects  on  the  circulatory  system  are  concerned, 
^ems  to  be  proportional  to  the  amount  of  chromaffin  material  in 
^e  medullary  cells.  Schaefer  states  that  as  little  as  5i  mgms.  of 
^  dried  gland  may  produce  a  maximal  effect  upon  a  dog  weigh- 
K  10  kgms.  The  effects  produced  by  such  extracts  are  quite 
Oaporary  in  character.  In  the  course  of  a  few  minutes  the  blood- 
assure  returns  to  normal,  as  also  the  heart-beat,  showing  that 
e  active  substance  in  the  extract  has  been  destroyed  in  some  way 

the  body,  although  where  or  how  this  destruction  occurs  is  not 
finitely  known. 

♦  "Journal  of  Physiology,"  18,  230,  1895. 

t  "Archiv  f.  die  gesammte  Physiologic,"  64,  97,  1896. 
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The  active  principle  of  the  mc'dullar^^  extracts  has  b^enwi 
chemically  (see  below),  and  is  designated  usually,  in  this?  cod 
as  epinephrin.  It  has  been  showTi  that  this  material  is  pres 
normal  l>IootI  and  we  may  believe,  therefore,  that  it  is  cana 
secreted  by  the  ath-eiial  bodies.  The  older  observers  demoiia 
its  presence  in  blood  hy  collecting  Ijlmxi  flowing  from  the  i 
glands  and  showing  that  this  blood  injected  into  another  i 
caused  a  topical  epinephrin  rise  of  pressure.  More  rt 
several  less  tlifficult  and  more  sensitive  physiological  method 
been  described  for  detecting  its  existence  and  niea^suring  it«  e 
t  rat  ion.  For  example,  the  Mellzer  reaction,  which  con^ 
immersing  a  frog*s  eye  in  the  liquid  tested.  Epinephrin,  if  p 
causes  a  dilatation  of  the  pupil;  the  Myer  method,  which  Q 
in  immersing  strips  of  artery  in  the  liquid,  the  epinephrin  <1 
contraction  which  may  be  recordcfl  eiusily  by  a  lever:  the  H 
method,  which  consists  in  immersing  strips  of  int^^ine  in  a 
oxygenated  Ringer's  solution.  In  this  solution  the  stripl 
rii>'thmic  contractions,  but  the  atldition  of  epinephrin  in  sti 
of  one  to  a  hundred  million  or  less  inhibits  these  crtT 
causes  a  relj^xation  of  the  strip.  B.v  means  of  -  i  i 
approximate  determinations  may  be  made  of  the  quantity 
nephrin  in  the  blood,  and  it  has  been  possible  to  show,  for  el 
that  in  the  adrenal  veins  the  concentration  is  higher  than  bi  I 
bloofl.  Estimates  place  the  concentration  in  the  adrenal  V 
1  :  10,000,000  up  to  I  :  1,000,000,  while  in  the  arterial  lylood 
be  as  low  as  1  :  200,000,000.  Dreyer*  first  demonstrated  tl 
secretion  of  epinephrin  is  under  the  control  of  secretor>'  neni 
supplied  hy  the  splanchnic  nerve.  In  more  recent  years  this  U 
assumed  great  significance,  for  it  has  been  sho^ti  that  rtroq 
tional  acti^^ty,  t  sensory  stimulations  of  variou.s  kinds^  and 
conditions  may  act  reflexly  upon  the  adrenal  glands  and  il 
their  output  of  epinephrin.  In  fact,  it  would  seem  that  th 
known  action  of  the  splanchnic  in  causing  a  rise  of  l:>lood*fl 
when  stimulated  is  due  only  in  part  to  a  direct  vaaoeon^ 
effect  upon  the  arteries  of  the  abdominal  organs {,  The  ad 
the  constrictor  nerves  is  followed  and  supported  by  a  rhi 
effect  due  to  the  action  of  the  splanchnic  ner^^es  upon  theii 
glands  and  the  cons{H|ueiit  increased  secretion  of  epidi 
In  view  of  these  intere:'sting  facts,  it  would  s€'em  that  nwmy^ 
reflex  variations  in  blood-pressure  which  have  been  explainw! 
tofore  as  pure  vasomotor  reflexes  may  need  to  be  reinvf*?ti 
with  reference  to  their  relations  to  the  adrenal  stecretion. 

*  "American  Jourmil  of  Phy.siolofO'."  2.  2m,  \sm. 

t  Cannon  and  dc  la  Fat,  '* American  Jounml  of  PliN'siokigy/*  2S»  64, 
also  Cannon  and  Hoskins,  ibid,  1911,  29,  274. 

t  Sw  Elliott,  "Journal  of  Physiolog>%"  44,  374,  1012,  and  van  Anrt* 
45,  307,  1912. 
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The  Chromaphil  Tissues. — Cells  possessing  the  same  histo- 
ogical  characteristics  as  the  medullary  cells  of  the  adrenals  and 
5nring  the  same  yellow  or  brown  reaction  with  chromates  have 
oeen  discovered  in  other  locations,  for  example,  within  the  ganglia 
i)f  the  sympathetic  and  in  the  form  of  separate  clmnps  or  strings 
along  the  course  of  the  abdominal  aorta  below  the  level  of  the 
adrenal  glands.  *  Physiological  experiments  indicate  that  extracts 
rf  these  outlying  chromaphil  bodies  have  an  effect  on  blood- 
preesure  similar  to  that  given  by  the  medullary  cells  of  the  adrenals. 
It  has  been  suggested,  therefore,  that  this  material,  wherever  it 
occurs,  has  the  property  of  producing  epinephrin  or  some  similar 
substance,  and  constitutes  a  tissue  with  a  common  function, 
although  apparently  the  portion  of  it  which  is  enclosed  within  the 
wbenal  bodies  has  a  more  highly  developed  activity. 

The  Active  Principle, — The  substance  formed  by  the  medullary 
cdls  has  been  isolated  by  different  observers  in  varying  degrees  of 
purity  and  has  been  given  different  names,  such  as  epinephrin, 
adrenalin,  suprarenin,  etct  The  credit  for  the  important  initial 
work  m  this  series  of  investigations  belongs  to  Abel,  while  the  final 
nolation  of  the  substance  in  crystalline  form  was  accomplished  by 
Takamine  and  independently  by  Aldrich.  The  latter  observer 
determined  also  its  empirical  formula  as  CgHijNOg,  and  subse- 
quently other  workers  (Stolz-Dakin)  succeeded  in  demonstrating 
its  structure  as  dioxyphenyl-ethanol-methylamin,  CeH3(OH)2 
PHOHCH2NHCH3.  This  substance  has  been  constructed  synthet- 
ically with  physiological  properties  as  active  as  those  exhibited  by 
the  material  isolated  directly  from  the  gland.  It  is  a  basic,  insoluble 
^y,  and  for  therapeutic  use  is  prepared  as  a  salt,  with  hydrochlo- 
ric acid,  for  example.  Its  chief  value  medicinally  lies  in  its  property 
<rf  causing  a  constriction  of  the  blood-vessels,  and  on  this  account  it 
^  vised  very  frequently  as  a  hemostatic  to  check  hemorrhage  in 
^or  surgical  operations.  As  has  been  stated  above,  extracts  of  the 
picdulla  of  the  gland  or  preparations  of  the  active  principle  when 
''^ected  intravenously  cause  a  short-lasting  rise  of  blood-pressure, 
particularly  if  the  inhibitory  action  of  the  vagus  or  the  heart  is  first 
'^oved  by  section  of  the  nerves  or  the  administration  of  atropin. 
't  Would  seem  that  in  the  intact  animal  this  effect  is  due  in  part 
^^  a  peripheral  effect  on  the  blood-vessel  and  in  smaller  part  to  a 
stimulating  action  on  the  vasoconstrictor  center  in  the  medulla.  As 
^ards  this  last  effect  it  may  well  be  that  it  is  a  secondary  result  due 
^  the  fact  that  the  blood-vessels  in  the  medulla  are  constricted  and 
Condition  of  anemia  is  produced.  There  is  no  question  in  regard  to 

♦  CoDSult  Vincent,  "Proceedings  Royal  Society,"  B,  82,  502,  1910. 
fFor  further  details  see  Biedl,  "Innere  Sekretion,"  also  an  interesting 
fx>unt  in  ^'Journal  of  the  American  Medical  Association,"  45,  910,  1911. 


850  PHYSIOLOGY    OF   DIGESTION    AND    SECRETION, 

the  fact  that  cpinephriii  causes  a  contraction  of  the  mi 
walls  of  the  vessels.  This  fact  can,  indeed,  be  demonsti 
isolated  strips  of  muscle  taken  from  the  arteries.  Under 
conditions  such  strips  show  contraction  when  immersed  in 
containing  epinephrin  even  in  excessively  dilute  sohltions. 
however,  the  blood-vessels  of  different  regions  of  the  body 
amined  in  this  respect  it  has  been  found  that  in  some 
blood-vessels  are  much  less  affected  by  the  epinephrin  th| 
others.  The  blood-vesvsels  of  the  brain  and  lungs,  for  exai 
although  made  to  constrict  by  such  solutions,  are  ob\nously  ( 
less  affected  than  those  of  the  intestines  or  skin,  while  the  coii 
vessels  are  said  to  Ije  relaxed  instead  of  being  constricted,  j 
was  thrown  upon  tliis  apparent  selective  action  of  epinepld 
a  suggestion  first  made  by  I.angley  that  the  epinephrin  stimi 
only  that  plain  muscle,  whether  in  the  blood-vessels  or  in  thei 
visceral  organs,  which  is  innervated  by  s>Tiipathetic  autoi 
nerv^e-fibers,  and  that  its  stimulating  effect  is  exerted  not  on  thi 
cle  substance  itself,  nor  possibly  on  the  terminations  of  ibe  4 
fibers,  but  rather  on  a  recejitive  substance  in  the  muscle  $ 
junction  of  nerve-fiber  and  muscle,  or,  to  use  Elliott's  expnsi 
on  the  myonmira!  fiuiction.  This  \iew  has  been  adopted  j 
generally^  and  has  lieeii  made  use  of»  as  is  explained 
in  ascertaining  whether  or  not  any  given  region,  the  bi 
example,  is  pro\ided  with  vasomotor  ner\'e-fibers.  Win 
normal  effect  of  the  sympathetic  fibers  is  to  cause  an  inhibiti 
dilatation  instead  of  a  contraction,  as  is  the  case,  for  example^ 
the  splanchnic  fibers  distriliutetl  t«  the  musculature  of  the  stai 
and  intestines,  there  injections  of  epinephrin  likewise  cM 
dilatation,  a  result  which  tends  to  confirm  the  view*  that  thii 
stance  has  a  selective  action  upon  the  terminal?^  of  the  s; 
autonomic  fibers. 

The  rise  of  blood-pressure  caused  by  iiu ravenous 
of  adrenal  extracts  is  usually  quite  temporar>%  altb 
newed  effect  may  be  obtained  bj^  repetition  of  the  inj 
It  is  stated  that  when  a  very  dilute  solution  of  epinephrin  isi 
and  it  is  injected  slowly  but  continuously  into  the  vein,  s  coC 
ous  rise  of  pressure  may  be  maintaineiL  It  will  be  noted  ibi 
method  of  injecting  the  ntaterial  is  an  imitation  of  what  BK 
considered  the  normal  mode  by  which  the  adrenal  gland  di 
its  secretion  to  the  blood. 

The  Physiological  Role  of  the  Adrenals. — There  seeaiB 
no  question  that  the  medullar>^  substance  forms  epincfphl 
some  related  compound  w  hich  has  a  marked  sttmulstiiiS  < 
upon  the  tone  of  the  blood-vessels  and  upon  the  heart,  and  pil 
upon  the  skeletal  muscles^  and  that  this  material  passes  ixM 
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)lood.  The  general  view,  therefore,  has  been  that  one  at  least  of 
lie  functions  of  the  adrenals  is  the  internal  secretion  of  this  material. 
[t  is  assumed  at  present  that  this  internal  secretion  is  essential  to 
the  full  activity  of  the  sympathetic  autonomic  nervous  system, 
and  that  its  failure  or  diminution  will  be  followed  by  impairment 
af  the  functional  activity  of  the  tissues  thus  innervated.  The 
Bfisues  whose  dependence  on  the  secretion  seems  to  be  demonstrated 
most  clearly  by  experimental  work  are  the  heart  and  blood-vessels, 
and  it  is  probable  that  the  normal  and  essential  tonicity  of  these 
(Hgans  is  controlled  in  some  way  by  the  presence  of  this  internal 
Becretion  in  the  blood.  Removal  of  the  adrenal  bodies  in  mammals 
by  surgical  operation  is  followed  usually  by  an  asthenic  condition 
of  the  heart  and  blood-vessels,  which  results  eventually  in  a 
condition  of  hypotension.  Increased  secretion  of  epinephrin  leads 
to  the  opposite  condition  of  hypertension.  It  is  very  evident, 
jwwever,  that  the  physiological  significance  of  the  adrenal  glands 
tt  not  limited  to  the  action  of  epinephrin  on  the  musculature 
of  the  circulatory  organs.  Epinephrin  is  a  secretion  of  the  medul- 
jwy  portion  of  the  adrenal  gland,  a  tissue  which,  as  we  have  seen, 
B  found  in  other  parts  of  the  body,  but  there  can  be  no  doubt 
that  the  large  cortical  portion  of  the  gland  which  has  nothing 
to  do  directly  with  the  formation  of  epinephrin  has  also  some 
iniportant  function.  These  two  portions  of  the  gland,  the  cortical 
Mid  the  medullary,  occur  separately  in  some  of  the  fishes,  and  it  is 
possible  that  even  in  the  mammal,  where  they  are  so  closely  united 
^tomically,  they  may  have  separate  fxmctions.  The  cells  form- 
Q^the  cortical  tissue  have  distinct  histological  characteristics,  and 
^y  occur  in  structures  distinct  from  the  adrenal  bodies,  so  that  it 
^  been  proposed  to  call  this  tissue  in  general  the  "interrenal  tis- 
^^'  or  the  "interrenal  (cortical)  system,'^  while  the  medullary 
'^bstance  is  designated  as  the  adrenal  system  or,  on  account  of 
tfi  color  reaction  with  the  chromates,  as  the  "  chromaffin  "  or 
chromaphil "  system.  The  latter  tissue  produces  epinephrin 
^  its  physiology  is  connected  chiefly  with  the  properties  of  this 
jormone.  Whether  or  not  the  "  interrenal  tissue  "  produces  a 
^^Uilar  internal  secretion  is  not  known  definitely,  but  much  evi- 
nce has  accumulated  to  show  that  it  also  is  in  some  way  import- 
^t  or  essential  to  the  body.  Several  hypotheses  have  been  pro- 
ceed to  explain  its  specific  activity,  for  example,  that  it  neutral- 
^  certain  toxins  produced  in  the  body;  that  it  manufactiu-es 
^  lipoid  element  which  seems  to  be  essential  in  the  structure  of 
I  cells;  that  its  secretion  is  connected  with  the  processes  of 
tywth  and  particularly  with  the  metabolism  of  the  sexual  organs, 
Id  so  on.  It  is  certain  that  the  physiology  of  this  organ  or  of 
e  two  kinds  of  tissue  represented  in  it  presents  a  difficult  and 
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intricate  problem  which  will  be  underHtood  only  as  the  nsviX  d 
much  inve8tigation.  One  other  relationship  of  the  adrenl 
body  may  be  mentioned  £us  a  further  illustration  of  the  oompla 
character  of  its  influence.  It  has  been  shown  that,  in  ad^ioD 
to  the  circulatory  results  of  the  injection  of  epinephrin,  there  may 
occur  also  a  distinct  tlLsturbance  in  the  carlx>hydrate  metabofea 
of  the  body,  which  is  indicated  by  the  fact  that  a  eonditioik  cC 
glycosuria  results.  This  influence  of  the  adrenals  seematobei 
part  of  the  fimctional  activity  of  its  medullary  or  ehromapliiii 
tissue.  It  has  been  explained  by  assuming  that  the  epinephria 
mobilizes  the  supply  of  glycogen  in  the  hver,  that  Is  ioiay/vt 
rreases  the  process  of  giyeogenolysis  or  the  conversion  of  glyT«)(5Si 
to  sugar  and  thcrcl>y  produces  a  condition  of  h>'perglyceraia.  Inav 
much  as  the  pancreiis  (islands  of  Lungerhans),  the  thyroitL**,  Jin*i 
the  hy]>ophysis  are  also  connected  in  one  way  or  another  mth  tbr 
intermediary^"  metal>olism  of  the  carbohydrates  in  the  body,  it  hi* 
been  assumed  that  there  is  an  interrelation  of  some  kind  b<*twefn 
the  secretions  of  these  several  glands  and  their  influence  np^ 
metabolism,  so  that  it  becotues  necessary  to  study  their  funclioos 
not.  only  separately,  but  with  reference  to  one  another.  For  «m 
further  reference  to  the  relation  between  the  atlrenal  glanA*  nM 
the  pancreas  in  this  respect,  see  the  paragraph  upon  the  iiit43iuJ 
secretion  of  the  pancreiis. 

In  the  pathological  condition  knoun  as  Addison's  diseauwi' 
hivs  long  been  known  that  the  adrenal  glands  are  affected^  usually 
from  a  tubercular  lesion.  In  this  diseiise  there  are  among  <^ 
symptoms  great  prostration  and  an  asthenic  concUtion  of  th* 
musculature  and  of  the  organs  of  circulation.  This  latter  eoiMlitK* 
hiis  been  attrihutetl  directly  to  the  deficient  formation  of  epin«^ 
rin,  antl  attempts  have  been  made  to  trc^at  the  disease  with  inj*** 
tions  of  ach'cnal  extracts.  This  treatment  ha^  not  been  suect*fifii 
owing  possibly  to  the  fact,  stated  above,  that  the  eflfects  of  ai 
injections,  so  far  as  blood-pressure  is  concerned,  are  only  of 
duration*  It  has  been  hoped  that  more  successful  results  may 
obtained  by  the  methods  of  grafting.  As  carried  out  on 
animals  J  it  has  been  shown  that  the  organ  may  be  grafted 
fully  and  that  the  grafts  exert  a  normal  physiological 
since  they  enable  the  animal  to  survive  the  otherwise  fatal 
tion  of  excision  of  the  adrenal  bodies,* 

Pituitary     Body    (Hypophysis). — This     body     is    asuiHf^ 
described   as   consisting  of   two  parts — a  large  ^ulterior  lobe  « 
distinct  glandular  structure  and  a  much  smaller  posterior 

•  For  details  and  references  to  literature  on  th^  ariiJ  olhef  witt»  ij] 
internal  htecretion  coni^ult   the  excellent  work  by  Biedl,  ''IiiDcre  JWftifl^ 

Berlin,  1910. 
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[lervous  origin  and  composed  chiefly  of  neuroglia  cells  and 
ire.  Embryofogically  the  two  lobes  are  entirely  distinct. 
>  anterior  lobe  arises  from  an  invagination  (Rathke^s  pouch) 
the  buccal  ectoderm.  A  portion  of  this  epithelium  soon 
dops  into  a  glandular  structure  belonging  to  the  type  of  glands 
ich  have  no  excretory  duct  and  which  probably,  therefore,  form 
internal  secretion.  The  posterior  lobe  arises  as  an  outgrowth 
nthe  floor  of  the  third  ventricle  of  the  brain,  the  infundibulum, 
ich  comes  into  contact  with  the  epithelial  pouch  forming  the 
erior  lobe.  The  epithelial  cells  of  the  latter  soon  show  a 
erentiation  into  two  parts,  one  of  which  gives  rise  to  the 
erior  lobe,  while  the  other  invests  the  body  and  neck  of  the 
terior  or  nervous  lobe.  To  this  latter  the  special  name  of 
pars  intermedia  has  been  given.  When  fully  formed  the 
terior  lobe  consists  of  two  parts,  the  pars  nervosa,  composed  of 
Toglia  cells  and  fibers  and  ependymal  cells,  and  an  investing 
BT  of  epithelial  cells,  derived  from  the  buccal  ectoderm  and 
»wn  as  the  pars  intermedia*  (see  Fig.  299).  The  cells  of  the 
8  intermedia  may  also  penetrate  more  or  less  into  the  sub- 
ice  of  the  pars  nervosa.  Howell  t  and  others  have  shown  that 
facts  of  the  anterior  lobe  when  injected  intravenously  have 
le  or  no  physiological  effect,  while  extracts  of  the  posterior 
B,  on  the  contrary,  cause  a  marked  rise  of  blood-pressure  and 
ring  of  the  heart-beat.  These  effects  resemble  in  general  those 
ained  from  adrenal  extracts,  but  differ  in  some  details.  It 
J  subsequently  shown  by  Schafer  and  Herring  t  that  extracts 
de  from  the  posterior  lobe  when  injected  into  the  blood  cause 
iilatation  of  the  renal  vessels  and  an  internal  secretion  of 
ae.  Evidence  was  thus  obtained  that  the  posterior  lobe  fur- 
ies an  internal  secretion  which  has  a  specific  effect  upon  the 
ans  of  circulation  and  upon  the  kidneys.  Finally,  it  has  been 
covered  (Ott)  that  these  extracts  stimulate  the  activity  of  the 
tnmary  gland,  constitute,  in  fact,  an  efficient  galactogogue.  Fur- 
r  work  by  Herring  §  has  made  it  very  probable  that  the  internal 
•etion  of  this  lobe  is  furnished  by  the  epitheUal  cells  of  the  pars 
srmedia.  These  cells  apparently  invade  the  pars  nervosa, 
eigo  a  hyaline  transformation,  and  are  finally  discharged  into 
third  ventricle  of  the  brain.     The  active  material  (pituitin)  is 

See  Herring,  "Quarterly  Journal  of  Experimental  Physiology,"  1,  121, 
1906. 


"Journal  of  Experimental  Medicine,"  3,  245,  1898;  also  Schafer  and 
snt,  "Journal  of  Physiology,"  25,  87,  1899;  and  HerriuK,  "Quarteriv 
lal  of  Experimental  Physiology,"  1,  261,  1908. 


Sch&fer  and   Herring,   "Phflosophical  Transactions,   Royal   Society," 

on,  1906,  B,  cxcix.,  1. 

Herring,  loc.  cU.y  and  1,  281,  1908. 
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formed  or  activated  during  the  proee:*s  of  transformatioa  m  < 
nervous  lobe  and  it  has  been  possible  to  prove  its  presencf  ia  tli! 
cerebrospinal    liquid.*      When  extracts  of  the  anterior  lolie  tf* 
injected  intra Vii^eularly  or  when  the  gland  is  fed  the  results  iff 
negative,  that  is  to  say,  there  is  no  clear  indication  of  a  <*li 
istic  effect.    On  the  other  hand,  a  study  of  the  relations  of  this  1 
under  pathological  conditions  and  the  effects  of  it«  eKdaonl 
surgical  methoils  indicate  that  it  also  plays  a  most  important  pili" 
in  the  metal>olisni  of  the  Ix^dy.     On  the  pathologicjd  aide*, 
or  hj'pertropliies  of  the  pituitary  have  been  associated  with  tbe 


Fiif.  2&f*. — M^"?*ud  saitnttai  -ipction  thrfautfli  developing  pituitu; ,  It.,  i ,  : 
(fifth  months  Drawing  frt-m  o  ptioto(craph.—  (Herrin«.i  o.  iJii..  ,  i  mm 
like  |inrit"<?w  tjf  fpithelitjiu  ;  c,  third  veniridp  ;  d,  an  tenor  lobe  ;  r  M^-t  k  >»*  i 
/.  ppitheliLJm  aurn/unding  neck  ;  j?,  epithelinl  deft  ;  h,  po«ienor  lobc- 

eonditions   knowTi   as   acromegaly   and   gigantism.     Tht^  u^fcyt] 
term  applies  to  ea&es  of  disturbed  nutrition  in  wliich  then-  'i^^" 
normal  grovnh,  sho^^n  especially  in  the  enlargement  of  the  1 
of  the  face  and  the  extremities^  while  gigantism  includes  if*  ^ 
tinctly  pathological  cases  of  overgrowth,  particularly  of  the  i^l 
ton.     That  this  abnormal  nutrition  is  connected  with  A  i 
ance  (hypertrophy)  of  the  pituitar>''  seems  most  probaUe.^ 
assumed  in  these  cases  that  it  is  the  anterior  lobe  which  is  iht 
and  thatj  therefore,  nonnally  it  controls  in  some  wmy 
growth.     A  number  of  obser\'ers  have  attempted  to  ranoftrf^ 

*  Cuahing  and  Goetsch,  "American  Journal  of  Physiology/'  37, 60^  l^^ 
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rtion  of  the  pituitary  body,  and  in  this  way  to  arrive  at  a  con- 
ion  of  its  physiological  importance.  Paulesco*  obtained  de- 
e  results  by  this  method.  Complete  removal  of  the  gland  was 
•wed  by  death  in  a  short  time,  twenty-four  hours  on  the  average, 
between  the  anterior  and  the  posterior  lobes  his  experiments 
cate  that  the  quickly  fatal  result  is  due  to  the  loss  of  the  former, 
ition  of  the  nervous  lobe  caused  no  immediate  evil  efifect.  In 
country  the  work  of  Paulesco  has  been  confirmed  by  Gushing 
his  co-workers,  so  far,  at  least,  as  the  fatal  result  of  a  total  hy- 
hysectomy  is  concerned.  Their  animals  soon  after  the  opera- 
exhibited  a  condition  of  lethargy  which  passed  rapidly  into  a 
la  that  ended  in  death,  but  the  fatal  result  did  not  develop  so 
;kly  as  in  the  experiments  of  Paulesco.  Like  Paulesco,  these 
srvers  find  that  the  quickly  fatal  result  follows  only  after  com- 
« loss  of  the  anterior  lobe.  With  regard  to  the  posterior  lobe 
re  nervosa  and  pars  intermedia),  niunerous  experiments  by 
ihingt  and  his  co-workers  indicate  that  partial  or  complete 
ition  of  this  portion  of  the  gland  is  followed  by  distinctive  effects 
n  the  animal's  metabolism.  The  most  striking  effect  is  a 
•ked  increase  in  the  tolerance  shown  by  the  animal  toward 
3ohydrate  foods — ^that  is  to  say,  a  much  larger  amount  of  car- 
ydrate  food  may  be  ingested  without  the  development  of  a 
dition  of  "alimentary  glycosuria."  On  the  other  hand,  intra- 
ous  or  subcutaneous  injections  of  extracts  of  the  posterior  lobe 
er  the  tolerance  toward  carbohydrate  food,  and  may  even 
86  a  distinct  glycosuria.  They  attribute  this  action  upon  the 
)ohydrate  metabolism  to  the  secretion  of  the  posterior  lobe 
re  intermedia).  This  secretion,  as  is  stated  above,  normally 
jrs  the  cerebrospinal  liquid,  and  thence  finds  its  way  to  the 
Illation.  Hypersecretion,  or  a  condition  of  hyperpituitarism^ 
Is  to  a  diminished  tolerance  for  carbohydrate  food  and  possibly 
I  condition  of  glycosuria.  On  the  other  hand,  a  hyposecretion 
I  condition  of  hypopituitarism  leads  to  a  greater  tolerance  for 
K>hydrate  foods  and  apparently  stimulates  the  processes  in  the 
y  by  which  the  sugar  is  converted  to  fat,  since  one  of  the  results 
ich  a  condition  is  a  general  state  of  adiposity.  In  addition  to 
adiposity  it  has  been  observed  that  in  young  animals  from  which 
posterior  lobe  has  been  removed  the  development  of  the  sexual 
US  is  arrested,  the  animal  exhibiting  a  condition  known  as 
al  infantilism.  There  would  seem  to  be  no  doubt  from  these 
rvations  that  both  the  anterior  and  the  posterior  lobes  of  the 
)physis  exert  an  important  influence  upon  general  body- 
iboUsm.     The  secretion  of  the  anterior  lobe  is  connected,  for 

Paulesco,  "Journal  de  Physiologie  et  de  Path.  g6n6rale,"  p.  441,  1907.   ^ 
Cuflhing,  "The  Pituitary  Body  and  its  Disorders,"  Philadelphia,  1912.  IJ 
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one  thing,  with  the  processes  of  growth,  particularly  of  tbf  t 
ton;  but,  since  its  complete  suppression  is  attjended  by  a  quid 
fatal  result,  it  is  evident  tliat  this  stMement  does  not  ejq>m«i 
its  entire  phy^^iologieal  value.  The  seiTetion  of  the  posteriori 
in  adtlition  to  its  effect  on  the  circulation  and  on  the  ^ecretioi 
urine  and  of  milk,  is  conneet-ed  in  some  way  with  earlK>hyJii 
metabolisni,  but  a  complete  exi>lanation  of  its  r6le  in  this 
particular  is  a  difficult  matter,  which  will  have  to  he  c 
in  connection  with  the  effect.s  of  the  internal  secretions  of 
j2;lands,  such  jis  the  pancreiis,  the  adrenals,  and  the  th>Toids 
interrelations  of  these  glands  is  indicated  not  only  in  this  mi 
the  regulation  of  the  sugar  nietiibolism^  but  also  by  the 
tor>'  hy|>ertrophy  or  atrophy  which  is  exhibitefl 
when  any  one  of  the  glands  is  removed.  It  is  stated, 
that  deficiency  of  the  hypophysis  occasions  an  hypertrophy 
thyroids  and  adrenals  (medulla),  a  persistent  condition 
thymus  and  jtii  atrophy  of  the  reprwluctive  glands. 

The  Pineal    Body    {Epiphysis    Cerebri), — This    snmll 
projects  from  the  roof  of  the  third  ventricle  and  embr^^olo^ 
develops  as  an  outgrowth  from  this  vesicle  of  the  brain.    In  ^ 
life  it  ha,s  a  glandular  structure  which  seems  to  reach  it«  grai 
development  at  about  the  seventh  year.     After  thb  period' 
particularly  after  puberty  it  undergoes  a  process  of  inv< 
during  which  the  glandular  structure  gradually  disappears 
place  is  taken  by  fibrous  tissue.     The  gland  is  notew^orthy 
the  appearance  of  calcareous  concretions,  the  so-called  bratn 
which  may  appear  even  in  early  life.    Intravenous  injections 
tracts  of  this  gland  seem  to  cause  a  distinct  fall  in  blood' 
indicating  the  presence  of  a  depressor  substance.     On  thf 
logical  side  it  is  stated  that  in  young  children  invasion  of  the 
by  pathological  growths  results  in  distinctive  eflfects.     Un<kri 
conditions  there  is  presumably  a  diminished  activitj'  of  the  g) 
and  the  results  observ^ed  are  an  accelerated  development  « 
reproductive  organs,  with  an  attending  mental  precocity  aa 
increased  growth  of  the  skeleton.     The  inference  niade»  tbefl 
from  these  observations  is  that  in  the  young  child  the  glAod 
nishes  a  secretion  which  inhibits  growth  and  particularly 
the  development  of  the  reproductive  glands. 

Organs  of  Reproduction, — Some  of  the  earlier  woric 
effect  of  the  internal  secretions  of  tlie  ghmds  was  ckme 
reproductive  glands,  especially  the  testis,  by  Brown- 
Accontiug  to  this  observer,  extracts  of  the  fresh  testis 
jected  under  the  skin  or  into  the  blootl  may  have  a 
influence  ui^on  the  ner\THis  system.  Mental  and  pb; 
*  **Archiv^  de  physiologie  nonTmle  et  pathoiojriqiip/*  1 
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i  the  activity  of  the  spinal  centers,  are  greatly  improved,  not 
ly  in  cases  of  general  prostration  and  neurasthenia,  but  also  in 
i  case  of  the  aged.  Poehl  asserts  that  he  has  prepared  a  sub- 
nee,  spermin,  to  which  he  gives  the  formula  CJSuNj,  which 
\   a  very  beneficial  effect  upon  the  metabolism  of  the  body. 

believes  that  this  spermin  is  the  substance  that  gives  to  the 
bicular  extracts  prepared  by  Brown-S^quard  their  stimulating 
icrt.  He  claims  for  this  substance  an  extraordinary  action  as  a 
^Biological  tonic,  but  it  cannot  be  said  that  his  assertions  have 
IX  corroborated  by  later  work.  Zoth  *  and  also  Pregel  seem  to 
"^  obtained  exact  objective  proof,  by  means  of  ergographic 
>rtls,  of  the  stimulating  action  of  the  testicular  extracts  upon  the 
^^ix>muscular  apparatus  in  man.    They  find  that  injections  of 

'testicular  extracts  cause  not  only  a  diminution  in  the  muscular 
I  nervous  fatigue  resulting  from  muscular  work,  but  also  lessen 

subjective  fatigue  sensations.  The  natural  direction  in  which 
"W^ould  look  for  evidence  of  the  existence  of  an  internal  secretion 
the  part  of  the  testes  would  be  in  their  influence  upon  the  sexual 
•I'acteristics  and  sexual  appetite.  Most  of  the  recent  work 
^  indicated  quite  clearly  that  the  reproductive  glands  control 
•  development  of  the  sexual  characteristics,  not  by  way  of  a 
^c  nervous  effect  but  by  way  of  the  blood ;  that  is  to  say,  through 
internal  secretion.  This  work  however,  tends  to  show  that  the 
^inal  secretion  is  formed  not  by  the  reproductive  elements 
>Per,  the  spermatozoa  or  the  spermatogonia,  but  rather  by  the 
"^^alled  interstitial  cells  of  Leydig,  which  lie  outside  of  the  seminal 
bules.  When  a  young  animal  is  castrated  completely  the  sec- 
^dary  sexual  characters  and  the  sexual  appetite  do  not  develop. 
>  however,  the  vas  deferens  is  ligated,  the  sexual  elements  may 
appear  while  the  interstitial  cells  remain  and  increase  in  num- 
^*  In  such  animals  the  sexual  instincts  and  characteristics 
€vdop  normally.  The  clearest  proof  of  the  importance  of  the 
iterstitial  cells  in  this  regard  is  furnished  by  the  experiments  of 
Wnach.  t  Making  use  of  very  young  animals  this  observer  has 
'^ansplanted  the  testes  from  their  normal  position  to  other  regions. 
Uch  animals  develop  normally,  show  all  of  the  usual  secondary 
snial  characteristics,  and  manifest  full  sexual  desire  and  potency 
i  the  proper  period.  When  the  transplanted  glands  are  examined 
is  found  that  the  sexual  elements  are  lacking,  but  the  interstitial 
lis  are  increased  in  amount.  It  would  appear  from  this  work 
at  sexual  puberty  is  dependent  upon  the  internal  secretion 
mished  by  these  cells,  and  Steinach  proposes  to  designate  them 

♦  "Pfltiger's  Archiv  f.  die  gesammte  Physiologie,"  62,  335,  1896;  also  69, 
J,  1897. 
t  Steinach,  "Pfltiger's  Archiv.,  144,  71,  1912. 
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collectively  as  the  '^puberty  gland/*     This  ob^eI  \  t^r 
remarkable  experiments  in  which  young  males  (rats,  guinea  pi 
were  first  ea8trate<i  and  then  had  transplanted  under  the  ^ 
in  the  peritoneal  ea\dty  the  ovary  from  a  female  of  tlie  i 
species.     Under  such  conditions  the  graft  of  thi?  ovary  tak«S| 
milike  the  graft^^l  t^^sticle  bf>th  the  reprotluctive  <^ll8  mi 
interstitial   cells  survive.     In  such   imimals  the  secondary 
characteristics  do  not  develop,  his  genital  organs  remain  injfaj 
he  exliibits,  on  the  contrary,  the  female  charactc^risties,  as  stjoU 
his  size,  the  character  of  the  hair,  and  especially  by  the  devij 
ment  of  mammae  and  nipples.      So  far  as  the  ext*       '    '4 
tcristics  are  concerned  the  animal  is  complet-ely  f t  ■  i^ 

Steinach  states  that  such  an  aninial  is  sought  by  the  mai 
though  it  were  a  true  female.  It  would  follow  from  the^  es 
ments  that  the  internal  secretion  of  the  interstitial  cellis  in  thff*il 
and  in  the  testis  has  each  its  specific  influence  in  gn  f 

velopment  of  the  sexual  characteristics,  one  causing  t  r  a 

of  male,  the  other  of  female  characteristies.     Many  expcJ 
and  observations  indicate  that  the  internal  secretion  of  the 
are  important,  not  only  as  regards  so-called  secondare' 
characteristics  but  also   in  regards  to  the  body-metabolis 
general. 

In  gynec(jlogical  practice  it  has  been  observed  that  omi 
ovariotomy    with    it-s   resulting   premature   menopause   b 
followetl   by    distressing   symptoms,    mental    and    ph>T5i( 
Bucli  cases  many  ol>scrvers  have  reported  that  these 
may  be  alleviated  by  the  use  of  ovarian  extract.s.     M< 
a  number  of  cases  in  w^hich,  after  complete  removal  of  the  &vi 
a  piece  of  ovarj^  from  the  same  or  a  different  person  was  p 
into  the  fundus  of  the  y terns  or  into  the  broad  ligament. 
cases  nit* rust ruation  persisted,  showing,  therefore,  that  the  pra 
of  the  ovaries  is  neceasiiry  for  thb  function.     A  similar  opal 
in  cases  of  amenorrhea  or  dysmenorrhea  brought  on  free  mad 
menstruation  and  an  improvement  in  general  nutrition  and 
}>eing.     Glasst  also  re[>orts  a  case  in  which  the  entire  ovtOf 
one  woman  was  transplanted  int-o  another  patient  upon  whom 
plete  ovariotomy  had  Iieen  fjcrformed  two  years  before.    The  i 
of  the  operation  was  a  return  of  menstruation  and  sexual  di 
anil  a  marked  alleviation  of  the  tiisagreeable  s^^mptoms  followii^ 
artificial    menopause.     Similar   results  have   l>een    reported 
the   lower   animab.     After  complete!  ovariotomy   a  eonditid 
'*  heat  **  may  be  reproduced   by  grafting  ovarian  tisBoe,! 

♦Morris,  "McHlical  Record"  190K  p,  Ki. 

t  Glass.  ^'Mi-dk'nl  New^,"  ISW,  p.  ri2;i. 

J  Marshall  ami  Jolly,  *Tliilosoph.  Tmnsactions,"  B.  i?xcvii.,  99,  li**» 
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veral  observers  agree  in  stating  that  removal  of  the  ovaries  in 
)ung  animals  prevents  the  normal  development  of  the  uterus, 
hile  in  adult  animals  it  causes  the  organ  to  undergo  a  fibrous 
Jgeneration  (see  section  on  Reproduction).  In  the  natural 
«&opause,  as  well  as  in  the  premature  menopause  following 
onplete  removal  of  the  ovaries,  it  is  a  frequent,  though  not  in- 
ariable,  result  for  the  individual  to  gain  noticeably  in  weight.  An 
lect  of  the  ovaries  on  general  nutrition  is  indicated  also  by  the 
iteresting  fact  that  in  cases  of  osteomalacia,  a  disease  charac- 
med  by  softening  of  the  bones,  removal  of  the  ovaries  may 
cert  a  favorable  influence  upon  the  course  of  the  disease.  These 
idications  have  found  some  experimental  verification  in  a  research 
i  Loewy  and  Richter  *  made  upon  dogs.  These  observers  report 
Uit  complete  removal  of  the  ovaries,  although  at  first  apparently 
ithout  effect,  resulted  in  the  course  of  two  to  three  months  in  a 
triced  diminution  in  the  consumption  of  oxygen  by  the  animal, 
measured  per  kilogram  of  body-weight.  If  now  the  animal  in  this 
edition  was  given  ovarian  extracts  (oophorin  tablets),  the 
mount  of  oxygen  consumed  was  not  only  brought  to  its  former 
inount,  but  considerably  increased  beyond  it.  A  similar  result 
^  obtained  when  the  extracts  were  used  upon  castrated  males, 
he  authors  believe  that  their  experiments  show  that  the  ovaries 
>nn  a  specific  substance  which  is  capable  of  increasing  the  oxida- 
008  of  the  body.  While  the  effects  described  above  may  be 
jferred  probably  to  the  internal  secretion  of  the  interstitial  cells 

tie  ovaries,  other  facts  indicate  that  other  elements  in  the 
find  may  also  furnish  a  specific  secretion.  Thus,  the  implanta- 
wi  of  the  fertilized  ovum  in  the  uterine  mucous  membrane 
kI  the  development  of  the  placenta  have  been  supposed  to  be 
fected  through  the  agency  of  some  chemical  stimulus  arising  in 
«  cells  of  the  corpus  luteum  (see  section  on  Reproduction). 

Pftncreas. — ^The  importance  of  the  external  secretion,  the  pan- 
Batic  juice,,  of  the  pancreas  has  long  been  recognized,  but  it  was 
*  until  1889  that  von  Mering  and  Minkowski  f  proved  that  it  fur- 
shes  also  an  equally  important  internal  secretion.  These  observers 
coeeded  in  extirpating  the  entire  pancreas  without  causing  the 
imediate  death  of  the  animal,  and  found  that  in  all  cases  this 
eration  was  followed  by  the  appearance  of  sugar  in  the  urine  in 
osiderable  quantities.  Further  observations  of  their  own  and  of 
lier  experimenters  have  corroborated  this  result  and  added  a  num- 
r  of  interesting  facts  to  our  knowledge  of  this  side  of  the  activity 
the  pancreas.    It  has  been  shown  that  when  the  pancreas  is  com- 

•  Loewy  and  Richter^  "Archiv  f.  Physiologic,"  1889,  suppl.  volume,  p.  174. 
t  Minkowski,  "Archiv  f.  exper.  Pathologie  u.  Pharmakologie,"  31,  85, 
13. 
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pletely  removed  a  condition  of  ^lyeosuria  inevitably  fol 
if  carbohydrate  food  is  excluded  from  the  diet.  Moreover, 
the  similar  pathological  condition  of  glycosuria  or  diabeiee 
litiis  in  man,  there  is  an  increase  in  the  quantity  of  urine  (pol| 
and  of  ureu,  and  an  alinomial  thirst  and  hunger.  Acetone  i 
present  in  the  urine.  These  symptoms  in  cases  of  complete 
pation  of  the  pancreas  are  followed  by  emaciation  and  tm 
weakness,  which  finally  end  in  death  in  two  to  four  wedcfl. 
pancreas  is  incompletely  removed,  the  glycosuria  may  be 
or  slight  and  transient,  or  absent  altogether,  depending  up! 
amount  of  pancreatic  tissue  left.  According  to  the  experl 
of  von  Mering  and  Minkowski  on  dogs,  a  residue  of  one-fod 
one-fifth  of  the  gland  is  sufficient  to  prevent  the  appearance  ol 
in  the  urine,  although  a  smaller  fragment  may  suffice  appi 
if  its  physiological  condition  is  favorable.  The  portion  of  pi 
left  in  the  body  may  suffice  to  [prevent  glycosuria,  partly  ol 
pletely,  even  though  its  cormection  with  the  duodenum  is  m 
interrupted,  thus  indicating  that  the  suppression  of  the  pan^ 
juice  is  not  responsible  for  the  glycosuria.  The  same  fact  is  \ 
more  conclusively  by  the  following  experiments:  Cvlycosuril 
complete  removal  of  the  panere^is  from  its  nonual  connectioa 
be  prevented  imrtially  or  completely  by  grafting  a  portion  i 
pancreas  elsewhere  in  the  abdominal  cavity  or  even  under  tN 
So  also  the  ducts  of  the  gland  may  be  completely  occluded  b; 
ture  or  by  injection  of  paraffin  mthout  causing  a  condii 
manent  glycosuria. 

(Jn  the  basis  of  these  and  similar  results  it  is  belie 
pancreas  forms  an  internal  secretion  which  passe?  into 
and  plays  an  important,  indeed,  an  essential  part  in  the  met^ 
of  sugar  in  the  body,  liloreover,  considerable  evidence  hai 
accujiiulat«d  to  show  that  the  tissue  concerned  in  this  imp 
function  is  not  the  pancreatic  tissue  proper,  but  that  compodl 
so-called  islands  of  Langerhans.  In  man  these  islands  are  afil 
throtigh  the  pancreas,  forming  spherical  or  oval  bodies  tha 
reach  a  diameter  of  as  much  as  one  millimeter.  The  cells  ift 
bodies  are  fxjlygonal;  their  cytoplasm  is  piale,  finely  gramilil 
small  in  ainount.  The  nuclei  possess  a  thick  chromatin  M 
which  stains  deeply.  Each  island  possesses  a  rich  capillai>' iifl 
that  resembles  somewhat  the  glomenilus  of  the  kidney. 

According  to  Ssbolew,*  ligation  of  the  pancreatic  duct  is  fol 
by  a  complete  atn>phy  of  the  pancreatic  cells  proper,  whDi 
of  the  islands  of  Langerhans  are  not  affected.  Since  under 
conditions  no  glycosuria  occurs,  wliile  removal  of  the  wbotei 
including  the  islands  is  followed  by  pancreatic  diabetes,  tbiob 
*^^Virchow'8  Arrhiv/'  l(i8,  91,  1902. 
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mdusion  is  that  the  diabetes  is  due  to  the  loss  of  the  islands, 
"his  conclusion  is  strengthened  by  reports  from  the  pathological 
de.  A  number  of  recent  observers  (Opie,  Ssbolew,  Herzog,  et  al.) 
nd  that  in  diabetes  mellitus  in  man  the  islands  may  be  markedly 
ffected.*  They  show  signs  of  hyaline  d^eneration  or  atrophy  or 
I  severe  cases  may  be  absent  altogether.  It  should  be  added 
liat  this  connection  of  the  islands  of  Langerhans  with  the  internal 
icretion  of  the  pancreas  is  not  accepted  by  all  writers.  Sev- 
ral  observers  t  contend  that  the  islands  represent  a  stage  in  the 
evelopment  of  the  ordinary  secreting  alveoli  of  the  pancreas, 
ut  the  most  complete  histological  work  seems  to  show  clearly 
tiat  the  islets  are  permanent  organs  which  persist  as  such  in  the 
aacreas  and  presumably  have,  therefore,  some  specific  functional 
nportance.t 

Several  theories  have  been  advanced  to  explain  the  action  of 
ke  internal  secretion  of  the  pancreas.  It  has  been  suggested 'that 
te  secretion  contains  an  enzyme  which  is  necessary  for  the  hydrol- 
sw  or  oxidation  of  the  sugar  of  the  body,  and  in  the  absence  of 
liis  enzyme  the  sugar  accumulates  in  the  blood  and  is  drained  off 
l^ugh  the  kidney.  Cohnheim  §  states  that,  while  the  juices  ex- 
TCBsed  from  muscle  and  from  pancreas  have  little  effect  upon  sugar 
^hen  taken  separately,  yet  when  combined  they  cause  a  marked 
lisftppearance  of  sugar  added  to  the  mixture.  The  inference  drawn 
roni  this  result  was  that  the  pancreas  furnishes  a  substance  which 
•ctivates  the  glycolytic  enzyme  or  enzymes  of  the  muscle  and  thus 
f^es  possible  the  physiological  consumption  of  sugars  in  the 
•^y,  but  more  recent  work  seems  to  show  that  this  inference  is 
^correct.  The  dextrose  disappears,  it  is  true,  but  apparently  it  is 
^  oxidized;  on  the  contrary,  the  evidence  indicates  that  it  is 
<>J^den8ed  to  a  more  complex  polysaccharid.il  It  is  not  evident 
'^tat  relation  this  change  may  have  to  the  further  utilization  of 
^  sugar  in  metabolism.  Other  investigators  adopt  an  entirely 
Mferent  view  of  the  relation  of  the  pancreas  to  carbohydrate 
metabolism.  They  believe  that  the  internal  secretion  of  the  pan- 
^^  regulates  in  some  way  the  output  of  sugar  from  the  liver. 
^  the  absence  of  this  secretion  the  liver  gives  off  its  glycogen 
18  sugar  too  rapidly,  the  sugar  contents  of  the  blood  are 
l^ereby  increased  (hyperglycemia)  above  normal,  and  the  excess 
out   in  the  urine.     A  specific  form  of  this   hypothesis 


•  Heiberg,  "Centralbl.  f .  ges.  Physiol,  u.  Pathol,  d.  Stoffwechsel,"  No.  16, 
)10. 

tDale,  "Philosophical  Transactions,"  B.  cxcvii.,  1904;  also  Vincent  and 
bompson.  "Journal  of  Physiology,"  1906,  xxvii.,  xxxiv. 

t  Bensley,  "American  Journal  of  Anatomv,"  12,  297, 1912. 

f  Cohnheim,  "Zeitschrift  f.  physiolog.  Chemie,"  39,  336,  1903;  also  1904. 

II  Levene  and  Meyer,  "Journal  of  Biological  Chemistry,"  9,  97,  1911. 
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(Zuelzer)*  assumes  that  the  output  of  sugar  from  the  liver  (^yco* 
genolysis)  is  under  the  control  of  two  opposing  hormones,  an 
accelerating  hormone  (epinephrin)  furnished  by  the  adrenal  gbods, 
and  an  inhibiting  hormone  given  off  by  the  pancreas.  When  the 
pancreas  is  removed,  the  accelerating  hormone  causes  an  augmeih 
tation  in  the  output  of  sugar  and  thus  produces  a  condition  of 
hyperglycemia  and  glycosuria.  In  support  of  this  view  h  is 
claimed  that  in  a  depancreatized  dog  ligation  of  the  adrenal  veins 
prevents  the  glycosuria. 

*  Zuelzer,  ''Deut.  med.  Wochenschrift/'  34,  1380,  1908. 
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CHAPTER  XLVII. 

NERAL  HETHODS-HISTORY  OF  THE  PROTEINFOOD. 

Under  the  head  of  nutrition  or  general  metabolism  we  include 
lally  all  those  changes  that  occur  in  our  foodstuffs  from  the  time 
•t  they  are  absorbed  from  the  alimentary  canal  until  they  are 
ninated  in  the  excretions.  In  many  of  these  processes  the  oxygen 
lorbed  f rom  the  lungs  takes  a  most  important  part,  and  the 
knges  directly  due  to  this  element,  the  physiological  oxidations 
the  body,  can  not  be  separated  from  the  general  metabolic  phe- 
nena  of  the  tissues.  As  was  said  in  another  place,  the  respiratory 
tory  of  oxygen  ceases  after  this  element  has  reached  the  tissues; 
subsequent  participation  in  the  chemical  changes  of  the  organ- 
i  forms  an  integral  part  of  the  nutritional  processes.  These  latter 
Ksesses  are  varied  and  complex  and  only  partially  understood, 
f  the  sake  of  simplicity  in  presentation  it  is  convenient  to  con- 
er  separately  each  of  the  so-called  foodstuffs, — ^the  proteins, 
'bohydrates,  fats,  water,  and  inorganic  salts, — and  attempt  to 
^e  its  nutritive  history  from  the  time  it  is  absorbed  into  the 
HHi  until  it  is  eliminated  from  the  body  in  the  form  of  excretory 
^ucts.  Before  undertaking  this  description  it  is  desirable  to 
11  attention  to  certain  general  methods  and  conceptions  that 
»ve  been  developed  in  connection  with  this  part  of  physiology. 
Hitrogen  Equilibrium. — ^Among  our  main  foodstuffs  the  pro- 
^ns  are  characterized  by  containing  nitrogen.  After  this  ma- 
rial  is  metabolized  in  the  body  the  nitrogen  is  eliminated  in 
Jious  forms,  chiefly  in  the  urine,  but  to  a  smaller  extent  in 
e  feces  and  sweat.  In  the  feces,  moreover,  there  may  be  pres- 
t  some  undigested  protein  which,  although  taken  with  the 
xl,  has  never  really  entered  the  body.  It  is  evident  that  the 
ine,  feces  (and  sweat)  may  be  collected  during  a  given  period  and 
alyzed  to  determine  their  contents  in  nitrogen.     The  sweat  is 
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usually  neglected  except  in  observatioiLS  upon  conditioas  m  i^iiKti 
mu^st^ular  activity  \ms  been  a  prominent  feature.  As  a  ruW.  4* 
amount  of  nitrogen  is  determined  by  some  modification  of  the  K^ 
dahl  method.  In  principle  this  method  consists  in  heatin| 
material  to  be  analyzed  witti  strong  sulphuric  acid.  The  mi 
is  thei-ebv  converted  to  ammonia,  which  is  distilled  off  and 
in  a  standardized  fiolution  of  sulphuric  acid.  By  titratm  tb^ 
amount  of  ammonia  can  be  determined,  and  from  this  the  amount  <3(i 
nitrogen  is  estimated*  Nitrogen  forms  a  definite  percenta|?e  of  t! 
protein  molecule  (about  16  per  cent.) ;  so  that  if  the  weight  of  nit 
gen  is  muitiplied  by  6.25  the  weight  of  protein  from  which  U  i^*\ 
rived  is  obtained.  If,  on  tlie  other  hand,  the  nitrogen  is  determined 
in  the  food  eaten  during  the  period  of  the  experiment  it  is  eridpta^x 
that  a  balance  may  lie  struck  which  will  determine  whether  tfc^e 
body  is  receiving  or  losing  nitrogen.  If  the  balance  is  even  the  U)cJy 
is  in  nitrogen  equilibrium — that  is,  it  is  receiving  in  the  food  ai* 
much  protein  nitrogen  as  it  is  metabolizing  and  eliminating 
the  excreta.  If  there  is  a  plus  balance  in  favor  of  the  food  it 
evident  that  the  body  is  lajing  on  or  st<3ring  protein,  while 
the  balance  is  minus,  the  body  must  l>e  losing  protein. 
the  period  of  growth,  in  convalescence,  etc.,  the  body  does  fWm 
proteJTi,  and  under  these  conditions  the  balance  Is  in  favor  of  tfc^ 
food  nitrogen.  But  thmughout  adult  life  under  normal  conditions 
our  diet  is  so  regulated  by  the  appetite  that  a  nitrogen  equilihriuni 
is  maintained  through  long  periods.  I'nder  experimental  coodt- 
tions,  involving,  for  instancet  a  special  diet,  it  often  becomes  ntf^- 
ear}'  to  make  the  analyses  for  nitrogen  in  order  to  determine  whfthff 
or  not  the  individual  is  losing  or  gaining  protein  or  is  in  equilibniim 
It  is  important  also  to  Isear  in  mind  that  nitrogen  or  pitrti* 
equilibrium  may  Ije  estal>lished  at  different  levels.  If,  for  mstiiKe 
a  man  is  in  nitrogen  equilibrium  on  a  diet  containini?  10  p»  ' 
nltrogezi,  what  wall  happen  if  the  protein  in  this  diet  is  doabM^ 
Our  experience  teachas  us  that  the  extra  10  gms.  of  Q]tfC^<'' 
62.5  gms.  of  protein  is  not  stored  in  the  body  indefinitely.  A»^ 
matter  of  fact,  the  extra  protein  is  metabohxed  in  the  hodri^i 
nitrogen  equilibrium  Ijecomes  established  at  a  higher  level  Vift^ 
as  under  the  first  condition  62,5  gms.  of  protein  were  eaten  r-  ^''  * 
gms.  of  protein  were  lost  from  the  body,  either  in  the  form  • 
enous  excreta  or  in  the  feces  as  undigested  protein,  unckf  '^ 
second  condition  125  gms,  of  protein  are  eaten  and  125  gms.  o/p^ 
tein  are  lost.  The  total  mass  of  protein  tissue  in  the  bodr  WJ 
remain  the  same,  or  if  any  increase  takes  place  at  the  beginniBC** 
the  change  in  diet  it  soon  ceases.  Experimentally  it  is  found  tk*' 
there  is  a  certain  low  limit  of  protein  which  just  suffices  to  m*i»^ 
nitrogen  equilibrium,  and  between  this  levi 
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body  to  digest  and  absorb  protein  food,  nitrogen  equilibrium 
y  be  maintained  upon  any  given  amount  of  protein. 
Carbon  Equilibrium  and  Body  Equilibrium. — ^The  term  car- 
.  equilibrium  is  sometimes  used  to  describe  the  condition  in  which 
total  carbon  of  the  excreta  (in  the  carbon  dioxid,  urea,  etc.)  is 
uiced  by  the  carbon  of  the  food.  It  is  possible  that  an  individual 
r  be  in  nitrogen  equilibrium  and  yet  be  losing  or  gaining  in 
ght,  since,  although  the  consumption  of  proteins  may  just  be 
ared  by  the  proteins  of  the  food,  the  comsumption  of  non-protein 
«rial,  particularly  the  fats  of  the  body,  may  be  greater  than  the 
ply  furnished  by  or  manufactured  from  the  food.  An  animal 
^  lose  or  gain  in  carbon  when  his  nitrogen  supply  is  in  equilib- 
t^.  In  the  same  way  under  special  circumstances  we  may 
1.1c  of  a  water  equilibrium  or  a  salts  equilibrium,  although  these 
Qs  are  not  generally  used.  An  adult  under  normal  conditions 
3  80  as  to  maintain  a  general  body  equilibrium;  his  ingesta  of 
kinds  are  balanced  by  the  corresponding  excretions,  and  the 
Aridual  maintains  a  practically  constant  body-weight. 
Complete  Balance  Experiments — Respiration  Chamber. — 
ording  to  the  statements  made  in  the  last  paragraph,  it  is  obvious 
t  if  the  analytical  work  is  properly  done,  an  exact  balance  may 
irawn  between  the  proteins,  fats,  and  carbohydrates  eaten  as 
I  and  the  proteins,  fats,  and  carbohydrates  destroyed  in  the 
y  as  represented  by  the  nitrogen  and  carbon  contained  in  the 
Heta.  Complete  experiments  of  this  kind  were  attempted  first 
Voit  *  and  Pettenkofer,  to  whose  work  much  of  our  fundamental 
'Wledge  is  due.  In  the  experiments  of  these  authors,  made  upon 
1  as  well  as  animals,  the  total  nitrogen  of  the  urine  and  feces  was 
srmined  and  the  total  quantity  of  COg  given  off  from  the  lungs 
I  estimated.  This  last  determination  was  made  possible  by 
cing  the  individual  in  a  specially  constructed  chamber  or  resipi- 
<^  apparatus.  Air  was  drawn  through  this  room  by  means  of 
>^inp.  The  total  quantity  of  air  passing  through  the  room  was 
^fiured  by  a  gasometer  and  definite  fractions  were  drawn  off 
>Ba  time  to  time,  which  were  analyzed  for  COj.  From  the 
Jttres  thus  obtained  it  was  possible  to  estimate  the  entire  COj 
ven  off  during  the  period  of  observation.  Knowing  the  total 
trogen  and  carbon  eliminated,  it  was  possible  to  estimate  the 
nount  of  protein  and  fat  or  carbohydrate  destroyed  in  the  body, 
■om  the  nitrogen  the  quantity  of  protein  metabolized  was 
►tained  by  multipying  by  6.25,  as  explained  above.  If  then 
e  carbon  belonging  to  the  amount  of  protein  metabolized  was 
ducted  from  the  total  carbon  excreta,  what  was  left  represented 
her  fat  or  carbohydrate  burnt  in  the  body,  and,  knowing  the 
♦  See  Hermann's  "  Handbuch  der  Physiologic, "  vol.  vi.,  1881. 
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amount  of  these  materiiils  taken  in  the  diet,  it  was 
ii8certain  whether  the  corresponding  amount  of  carbon 
been  excreted.  By  experiments  of  this  kind  a  nearly 
balance  may  be  struck  between  the  income  and  the  uutj 
body.  Absolute  accuracy  is  not  sought  for,  since  the  t 
eaten  va^ry  somewhat  In  composition  and  some  little  of  %h 
or  nitrogen  exereted  is  found  in  the  secretions  from  the  i 
saliva,  etc.,  which  are  not  usually  examined. 

More  recent  experiments  made  in  this  country  imdi 
tion  of  Atwater*  have  attempted  to  balance  not  only 
income  and  outgo  of  the  body  during  a  given  period, 
income  and  outgo  of  energ>\  For  this  purpose  the  indi^ 
perimented  upon  w^ere  placed  in  a  very  carefully  eonstnicli 
ration  chamber  so  that  their  expired  air  could  be  an&lysec 
as  the  urine  and  feces.  The  chamber,  however,  was  alaa  i 
to  act  as  a  calorimeter  (see  p.  927)  by  means  of  which  the  be 
off  by  the  person  could  be  measured.  The  heat  value  of 
being  known,  it  is  possible  in  this  way  to  ascertain  whethi 
this  theoretical  amount  of  heat  is  actually  given  off  -" 
Atwater's  respiration  chamber  is  described  as  a  respi 
eter;  some  of  the  results  obtained  from  ita  use  are  referred  to 

The  Effect  of  Non-protein  Food  on  Nitrogen  EquUib 
By  use  of  the  methods  referred  to  above  the  general  iafli 
the  non-prot.ein  foods  (fats,  carbohydratei?)  upon  the 
C4>nsumption  of  the  Ixidy  has  been  made  evident.  Ad 
may  be  brought  into  nitrogen  equilibrium  on  protein  foo 
the  amount  of  protein  required  being  relatively  large* 
non-protein  foodstuffs  are  added  to  the  diet  it  is  found  t 
amount  of  protein  necessaiy  to  maintain  nitrogen  equiUbrti 
be  reduced  correspondingly.  With  reference  to  the  conss 
of  protein  in  the  body  the  non-protein  foods  are  all  proUm* 
and  herein  lies  one  great  peculiarity  of  their  nutritiOQa 
On  a  mixed  diet  of  protein  and  non-protein  food  the  propc 
the  latter  may  Ije  increased  and  that  of  the  former  decreai 
marked  extent  without  breaking  down  nitrogen  equiUI 
that  is,  without  causing  a  loss  of  protein  tissue  from  tli 
This  fact  is  explained  by  the  consideration  that  in  our  b 
food  fulfils  two  great  functitms.  First,  it  furnishes  the  i 
for  the  formation  of  new  living  matter  or  the  repUcei 
the  loss  of  this  matter  that  is  continually  going 
it  furnishes  a  supply  of  energ^^  for  the  work  done  by 
cells,  the  contraction  of  the  muscle*  the  secretion  of  the 
discharges  of  the  nerve  cells,  etc.  This  second  funeti 
energy  requirement^  is  met  by  any  of  the  three  energy-] 
food-stuffs,  earl>ohych"ates,  fats,  or  proteins,  eBpeeiaUy»  as  i 
*  Aiwftter,  BuilelLnH  45,  63,  69,  United  States  Departnieiit  of 
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id,  by  the  carbohydrates.     For  the  first  function  protein  (or  its 
lit-products)  is  absolutely  needed,  and  perhaps  is  alone  needed. 

any  event,  if  the  supply  of  non-protein  is  sufficiently  large, 
5n  tiie  amount  of  protein  can  be  lowered  to  a  certain  irreducible 
aimum,  which  is  required  for  purposes  of  genuine  assimilation, 
I't  is,  the  construction  of  living  material. 
TThe  Nutritive  History  of  the  Protein  Food. — The  digestive 
Lnges  undergone  by  protein  and  its  subsequent  absorption  have 
m  described  in  the  section  on  Digestion.  It  will  be  remembered 
wt>  the  products  of  protein  digestion  are  absorbed  mainly  into  the 
od-vessels  of  the  intestine,  and  therefore  must  pass  through  the 
^r  before  reaching  the  general  circulation. 

It  has  long  been  a  question  in  physiology  in  r^ard  to  the  form 
^which  the  products  of  digestion  enter  the  blood.  According 
I>re8ent  conceptions  the  proteins  during  digestion  are  broken 
wn  to  their  constituent  amino-bodies,  and  unless  these  bodies 
^  Tecombined  to  protein  during  the  act  of  absorption  through 
5  intestinal  wall,  we  should  expect  to  find  evidence  of  their 
iscnce  in  the  blood.  This  evidence  has  been  obtained  recently. 
^o  observers,*  using  different  methods,  have  been  able  to  demon- 
*&te  an  increase  in  the  nitrogenous  material  in  the  blood  after 
Sestion,  and  to  show  that  this  additional  nitrogen  is  not  in  the 
Pin  of  protein,  but  most  probably  as  amino-acid.  These  absorbed 
■oducts  pass  through  the  liver  before  reaching  the  general  circu- 
tion,  and  again  in  the  liver  there  is  a  possibility  that  they  may 
lideigo  further  change.  The  evidence  at  hand  would  indicate, 
owever,  that  any  action  that  the  liver  may  exert  is  not  complete, 
u^ce  the  blood  of  the  general  circulation  after  meals  shows  a  rise 
^  its  amino-acid  content.  It  would  seem  probable  that  these 
l^rbed  products  are  taken  into  the  tissues  generally  since  their 
ontent  in  non-protein  nitrogen  is  distinctly  increased  after  meals. 
i  now  we  accept  this  newer  point  of  view  and  assimie  that  after 
l>8^on  the  protein  material  is  absorbed  into  the  blood  as  amino- 
^68,  which  are  subsequently  abstracted  and  stored  by  the  tissue, 
«ere  remains  the  question  of  their  further  history  in  metabolisms. 
-<»iceming  this  difficult  question  there  are  many  different  theories 
™  points  of  view,  t  It  would  be  confusing  to  give  summaries 
^  these  diverging  theories,  ^nd  it  may  suffice  to  indicate  briefly 
^  conception  that  seems  to  be  most  in  accord  with  recent  work. 
^*  Daay  be  accepted  as  a  necessary  conclusion  that  some  of  these 
''^o-bodies  are  recombined  by  synthetic  processes  to  form 
^Sinized  protein,  of  the  kind  characterizing  the  particular  tissue, 

.    *Folin  and  Denis,  "Journal  of  Biological  Chemistry,"  11  and  12,  1912. 
•«»  %ke,  ibid.,  12,  399,  1912. 

.   TFor  a  review  of  these  theories  consult  Mendel,  "Ergebnisse  der  Phy»- 
•^^  11,  418,  1911. 
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for  only  in  tliis  way  can  we  understand  how  the  wear  ami  teard 
the  tissue  is  replaced  or  how  new  protein  is  made  in  the  growing 
aniniaL  Whether  this  s>Tithetic  combioation  is  efferte<i  by  ends- 
enz>Tiies  or  under  the  influence  of  the  living  protein  of  the  dis 
cannot  be  stated,  but  we  may  assume  that  the  several  amino-tiodii* 
which  enter  into  the  structure  of  that  particular  kind  of  pmm 
are  combined  in  general  after  the  manner  of  the  formation  oi 
pol}T>eptids  (p.  989),  This  ^Dortion  of  the  nitrogenous  nukUiMi 
that  is  used  to  replace  tissue  waste  or  to  provide  new  tissue  ka« 
long  been  designated  as  ''tissiie  protein"  and  in  the  adult  aziiinJ 
a  relatively  small  fraction  of  the  nitrogenous  food  may  suffice  lor 
this  puqiose*  The  balance  of  the  nitrogenous  mat^al  is  U!rJ 
in  all  prol>alnlity  not  as  a  tissue  former  but  as  a  source  of  energy- 
When  the  protein  food  is  large  in  amount  the  greater  pfirtif>a 
no  doubt  fulfills  this  function*  When  the  protein  food  is  nniuf^ 
to  minimiU  proportions  the  amount  left  for  energj-  purpci^  ^ 
diminished  correspondingly.  It  will  be  shown  later  that  oniia^t^ 
we  eat  more  protein  daily  than  is  required  to  cover  our  ti»iK 
wastes,  that  is,  to  pro\ide  the  necessary  tissue-protein,  so  \hski  (« 
a  customary^  diet  it  is  probal>le  that  a  good  proportion  of  theprol- 
ucts  of  protein-digestion  is  used  to  furnish  energy  rather  ihtf 
to  construct  tissue.  The  further  history  of  the  portjon  used  1^ 
energy  purposes  is  not  definitely  knovm,  but  it  would  seem  tW 
for  this  portion  the  metabolism  may  take  two  directions.  Ifi  ^ 
first  place  some  of  the  amino-botlies  are  synthesixed  to  prokttt 
which  remains  in  the  liquids  of  the  Ijody  as  a  reserve  sii^ip^  ^ 
may  be  utiUzed  later.  This  portion  is  de^gnated  as  cimiWMf 
protein  or  reserve  or  non-organized  protein.  In  the  neeaDci  pb^ 
there  is  reason  to  believe  that  some  of  the  amino-actds  inst^i  ^ 
being  synthesized  to  protein  are  deamidized,  that  is  to  say  tht^NH 
group  is  split  off  to  fomi  ammonia,  that  is  subsequently  convrrt^l 
to  urea  and  excreted,  while  tiie  organic  acid  radicle  which  b  i<^ 
is  oxidized  to  furnish  energy  or  is  built  into  sugar  or  fat  anil  a^^" 
ized  at  some  later  period.  This  portion  of  the  amino-acid,  tbrir- 
fore,  may  be  regarded  as  a  source  of  energy"  entirely  equivalrtit  ta 
that  furnished  by  the  non-protein  elements  of  the  food,  thecir- 
bohydrates  and  the  fats.  If  we  grasp  the  fundamental  idc*  <*■* 
from  the  supply  of  amino-bodies  furnished  to  the  ti^Bues  by  ^ 
digested  food -proteins  certain  ones  are  selected  to  construf*  ^ 
peculiar  tissue-protein  of  the  animal,  so  far  as  this  is  requtfed  f<^ 
growth  or  tissue-repair,  then  it  is  evident  that  the  balaaoetfW^j 
needed  as  nitrogenous  material,  and  its  nitrogen  is  remmW^I 
deamidizationp  while  the  remainder  5f  the  molecule  server  forp*^  | 
poses  of  energy-supply,  just  as  the  non-nitrogenous  food  ?T# 
might  do  wath  the  ejcception  of  the  fraction  that  is  added  to^  , 


GENERAL   BiETHODS — fflSTORY   OF   PROTEIN    FOOD.  879 

issue  liquids  as  circulating  protein.  It  was  supposed  formerly 
hat  the  process  of  deamidization  of  the  excess  of  the  amino- 
Kxlies  is  accomplished  mainly  in  the  liver,  and  indeed  in  large  part 
)efore  the  products  of  digestion  reach  the  general  circulation, 
)ut  the  experiments  of  Folin  and  Denis  throw  some  doubts  upon 
this  conclusion.  Provisionally,  at  least,  we  may  adopt  the  view 
that  this  process  may  occur  in  the  tissues  generally  as  well  as  in 
liie  liver,  but  once  the  NHj  group  is  split  off  in  the  form  of  ammonia 
it  18  probable  that  this  ammonia  compound  is  converted  to  urea 
uhiefly  in  the  liver,  in  accordance  with  the  well-known  fact  that  the 
liver  cells  effect  this  transformation  very  readily.  That  the  body 
is  able  to  build  up  its  own  protein  from  a  mixture  of  amino-bodies, 
such  as  is  produced  in  a  complete  digestive  hydrolysis  of  protein, 
kas  been  demonstrated  beyond  doubt  by  feeding  experiments  in 
vhich  the  nitrogenous  food  was  all  supplied  in  the  form  of  such  a 
mixture.  The  first  experiments  of  this  kind  were  made  by  Loewi.* 
He  fed  dogs  on  a  diet  consisting  of  fats,  carbohydrates,  and  protein 
^hich  had  been  submitted  previously  to  a  prolonged  pancreatic 
digestion  until  it  was  completely  hydrolyzed.  On  this  diet  the 
uiimal  was  maintained  in  nitrogen-equilibriimi.  This  experiment 
has  been  verified  and  extended  by  others  on  man  as  well  as  upon 
ifcgs,  and  indeed  Abderhalden  and  Rona  report  that  they  have 
been  able  to  keep  a  dog  not  only  in  nitrogen-equilibrium  but  with 
a  plus  balance  of  nitrogen  when  fed  on  the  split  products  of  me^t 
•lone,  without  addition  of  fats  or  carbohydrates.  This  last 
experiment  would  indicate  that  the  amino-bodies  not  only  give  to 
the  body  material  from  which  it  can  reconstruct  its  own  protein, 
but  they  furnish  also  a  usable  source  of  energy  for  the  body 
weds,  a  result  which  we  can  understand  on  the  hypothesis  men- 
ooned  above,  according  to  which  the  amino-acids,  after  removal 
rf  the  NHj  group,  furnish  an  organic  acid  residue  capable  of  further 
ondation  or  of  synthesis  to  fats  or  carbohydrates. 

We  may  accept  as  a  clear  result  of  modem  investigation  that  the  body  is 
J[P*hle  of  building  up  its  protein  from  such  relatively  simple  substances  as 
wcainino-acids,  in  fact  the  evidence  goes  to  show  that  normally  it  is  from  these 
™Do-acid8  that  the  nitrogenous  material  of  the  body  protein  is  derived. 
""•  striking  result  has  led  m vest i  gators  to  test  whether  the  body  may  utilize 
^'^'^  of  nitrogen  of  even  simpler  construction,  such,  for  example,  as  the 
^"Mic  or  inorganic  salts  of  ammonia.  It  has  long  been  known  that  tne  plant 
*®^u«m  utilizes  inorganic  forms  of  nitrogen,  such  as  the  ammonia  salts  or  the 
"?*te8,  in  building  up  its  protein,  and  it  has  long  been  believed  that  the 
^^al  protoplasm  is  not  able  to  utilize  these  salts  in  the  same  way,  that,  in 
J*^  words,  its  processes  of  synthesis  so  far  as  the  protein  material  is  concerned 
^."Jiore  limitea  than  in  the  plants.  It  has  been  taught  universally  that  ani- 
'*•*  for  the  construction  of  new^  tissue  must  have  their  nitrogenous  food  in  the 

I-.  *  For  the  literature  consult  Lilthie,  "Ergebnisse  der  Physiologic,"  vii, 
^,  or  Abderhalden,  "Synthese  der  Zellbausteine,"  etc.,  1912. 
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form  of  protein,  or^  a  recput  addition,  in  the  form  of  the  split-productfl of  | 
Sevend  observers  now  report  (aee  Grafe^Zeitetchrift  f.  physiolqi.  d 
485,  1912)  that  when  animals  are  fed  upon  an  abundance^  of  carboliy 
together  with  gome  ammonia  mii,  ^^luch  tm  ammonium,  citrate,  aceCatc, 9C 
bonatCp  they  may  maintain  a  poi^itive  nitrt^en  balance  for  long  pexiodft.  Hi  ^ 
elaimfnl  that  this  result  proves  that  the  animal  body  can  syntbcsiBc  il#  pfwii 
fixjni  inorganic  nitrogen  (ammonia  Siilts)  together  with  nitro^ten  free  naUrd 
It  is  ,siijay?ested»  for  example  (Taylor  and  Ringer^  '^Journal  of  Biol.  Cbnniftt?,' 
14^  407,  19i:i),  that  j^^t  as  ainino-acid  may  be  hydrolyzed  to  ammom  tad 
an  ox>^acid,  the  reverse  process  may  oho  take  place»  an  oxyacid  aiid  lasmm 
may  ec»mbine  to  form  an  amino-acid,  according  to  the  equation: 

CH,CHOHCOOH  -  NH,  ^  H,tl  ^  CH,CHXiI,COOH. 

Whether  thia  jjoint  will  be  establii^htHJ  bv  further  investigation  is  al  pm^ 
undecided.  Two  of  the  active  workera  in  this  field  ( Abderhalden  and  LiO||K» 
Zett.  f.  physiol.  cbem.  82,  21,  1912)  contend  that  a  diet  of  this  kind  doa^ 
lead  to  a  positive  nitrogen  balance,  although  they  adinit  that  a  eood  prcmtici 
of  the  nitrogen  fed  is  retained  in  the  body.  In  their  opinion  the  pt6tm0ios 
are  much  against  t  he  view  that  th€  body  can  utilise  inorgmdc  nltnofifi  Ja  ^ 
construction  of  it^  protein. 

The  Amount  of  Protein  Necessary  for  Normal  Hutritioii.- 

As  was  stated  above,  nitrogen  equilibrium  may  be  maintained  ■« 
different  amounts  of  protein  food.  It  is  important,  iTodi  i 
scientific  and  from  an  economic  standpoint,  to  determine  the  l*** 
limit  for  this  equililirium  and  to  ascertain  whether,  for  tl « 
of  the  best  as  well  as  ttie  most  economical  nutrition 
limit  is  as  good  as  or  preferal>le  to  a  liigher  amount  of  prowa* 
the  diet.  Examination  of  the  dietaries  of  civiiized  races  sboti 
that,  on  the  averago,  100  to  120  gms,  of  protein  areuseci  ds^}^ 
an  adult  man.  \oit  gives  118  gms,  of  protein  as  the  amil^ 
daily  consumption,  A  variable  portion  of  this  amount  !>«««* 
into  the  feces  in  undigestetl  form,  but  we  may  assume  that  aM^ 
1(K)  t(j  105  gms.  are  absorbed  and  actually  metabolized  in  theMv. 
If  we  take  into  accnimt  the  weight  nf  the  body,  this  amount  ^ 
proteit)  may  be  estimatetl  as  equivalent  in  round  number*  ^ 
1,5  gois.  of  protein  (or  0.23  gm.  nitrogen)  per  kilogram  of  Wj' 
weight.  In  recent  years  serious  attempts  have  been  mad*  ^ 
ascertain  how  low  this  daily  quota  of  protein  may  be  re^  "~* 
without  destroying  nitrogen  equilibrium  or  injuring  the  eUt 
ness  of  the  body  for  muscular  or  mental  work.  Siven  was  aW^ 
for  short  periods  to  reduce  his  daily  diet  of  protein  to  as  little  i* 
0,5  gm.  (0i)8  gm.  N,)  per  kilo  of  body  weight,  hut  probabfj  tb^ 
most,  important,  experiments  of  this  kind  are  those  carri«d  <«* 
by  Chittenden.*  In  this  w^ork  the  experiments  were  eonUntfo 
over  long  periotls  of  time,  and  were  made  upon  three  diffH***! 
groups  of  men,  five  university  teachers ^  a  detail  of  thii1«eo  b»»  J 
from  the  Hospital  Corps  of  the  Army,  and  eight  imiversitj*  fto***^  | 

*  Consyk  Chittenden,  "Phyf?iologicaI  Economy  in  NutritSon,"??^^'**'  I 
1905,  for  diacuasion  and  literature. 
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Med  as  athletes.  The  general  result  of  the  investigation 
wed  that  the  body  can  be  maintained  in  protein  equilibrium 

1  in  a  normal  state  of  efficiency  upon  a  diet  containing  only 
to  50  gms.  of  protein  per  day,  according  to  the  weight  of  the 
ividual — or,  expressed  in  more  general  terms,  the  daily  quota 
protein  per  kilo  of  weight  may  be  reduced  from  1.5  gms. 
23  gm.  N.)  to  about  one-half,  that  is,  0.75  gm.  of  protein  or 

2  gm.  of  nitrogen  per  kilo.  This  general  result  has  been 
ifirmed  on  a  large  scale  by  the  studies  made  by  McCabe  ♦  of 
5  metabolism  of  the  Bengalis  of  India.  He  finds  that  the 
jrage  Bengali  metabolizes  in  his  body,  so  far  as  may  be  judged 
m  the  nitrogen  excreted  in  the  urine,  only  about  37.5  gms.  of 
)tem  daily,  corresponding  to  a  consumption  per  kilo  of  0.7  gm. 
protein  or  0.113  gm.  of  nitrogen.  A  corresponding  average 
lount  of  protein  was,  of  course,  eaten  daily,  and  on  this  low 
)teiii  diet  they  exist  in  apparent  health.  Rubner  f  also  empha- 
es  the  fact  that  milk,  which  forms  the  sole  diet  of  the  infant,  is 
>rotein  poor  food.  The  usual  daily  diet  of  the  adult  has  a  heat 
lue  of  from  2400  to  3000  calories  (see  p.  920).  Of  this  total 
rt  value  the  protein  food  in  the  diets  usually  recommended 
Tus  about  15  to  20  per  cent.  In  milk,  however,  according  to 
ibner's  estimates,  the  protein  constitutes  only  about  10  per 
It.  of  the  total  heat  value.  As  the  result  of  these  and  similar 
^estigations,  the  practical  question  presents  itself  as  to  what 
istitutes  the  optimum  daily  quota  of  protein.  If  the  body  can 
kept  in  good  condition  upon  0.75  gm.  per  kilo  per  day,  will  an 
jcstion  of  more  than  this,  say  twice  as  much,  prove  injurious 

beneficial  or  indifferent  to  the  body?  Outside  its  hygienic 
^ect  the  question  is  important  from  an  economical  standpoint, 
cethe  proteins  are  the  most  expensive  foods,  and  in  the  feeding 
large  masses  of  individuals — armies,  schools,  asylums,  etc. — 
w  not  desirable  to  waste  money  on  protein  food  if  it  is  not 
rfed.  The  full  and  satisfactory  answer  to  this  question  must 
deferred  until  more  experience  is  obtained.  The  report  upon 
\  Bengalis,  noted  above,  would  seem  at  first  to  constitute  a 
Jsfactory  demonstration  of  the  practicability  of  a  low  protein 
t,  but  McCabe  states  that  the  Bengali  is  inferior  physically  to 
'  average  European,  and  is  particularly  deficient  in  capacity 
inuscular  work,  and  he  is  inclined  to  attribute  this  inferiority 
the  diet.  Moreover,  the  Bengali  is  quite  susceptible  to  kidney 
ubles,  a  fact  which  seems  to  destroy  one  prediction  often 

*  McCabe,  "The  Metabolism  of  the  Bengalis  Calcutta,"  1908.  (Scientific 
'H)iiB,  Medical  Department  Government  of  India,  No.  34.)  Also  later 
«t  upon  Jail  Dietaries,  tWd.,  No.  37,  1910. 

t  Rubner,    "Daa    Problem    des    Lebensdaucr,'*  1908;    Cohnheim,    "Die 
^ologie  der  Verdauung  u.  Ernahrung,"  1908. 
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made  by  those  who  ailvoc^ate  a  low  protein  diet,  namelyt  thit  tke 

smaller  aninunt  of  work  thus  throw^n  on  the  kidneys  would  Twult 
in  a  diniinutioii  u(  diseases  of  the  kidney*     The  new*eT  C(iiifi^pu>ii5 
in  regard   to  the  digest  it  m   aiul  nutritive  history  of  the  protm 
foods  eertaiiily  seem  to  favor  the  adoption  of  a  low  prot-ein  lik. 
If  protein  is  eaten  in  excels  of  the  real  assimilation  neetb  of  \h. 
tissues,  all  the  excess,  so  far  as  we  can  see^  might  just  as  wdl  be 
substituted  by  C'arliohy<.lrate  or  l>y  carboliydrate  and  fat.    Ttie 
excess  nitrogen  thus  eaten  appears  ti*  he  so  much  useless  bjJU^ 
which  the  body  very  prnniptly  gets  rid  of*     The  uncertain  fw>mt, 
how^ever,  is  what  constitutes  the  assimilation  need  of  the  tissue*. 
The  experiments  given  above  w^ould  place  this  need  verv'  lr»w, 
according  to  the  lowest  estimate,  at  about  5  per  cent*  of  the  t^lJ 
energy  lakie  of  tlie  food.     That  is  to  say,  if  the  daily  diet  eontsir^ 
heat  energy  equivalent  to  2400  calories,  only  o  per  cent,  ^i 
120  calories,  needs  to  l>e  in  the  form  of  protein,  an  estimate 
would  bring  the  protein  to  about  30  gins,  daily.     Against  t^i: 
of  i-eftsiining  it  may  be  urged,  in  the  first  place,  that  our  pcisitivt 
knowledge  of  tfie  history  of  protein  in  the  body  is  too  tncompiefr 
tc^  justify  its  application  in  a  wh(»lesale  w^ay  to  such  an  importaat 
matter  as  the  daily  diet.     Serious  blunders  have  l>een  made  in 
the  past,  notal>!y  in  the  nutritive  employment  of  gelatin,  by  i 
premature  application  of  incomplete   knowledge.      Secondly,  '^ 
must  be  remembered  that  niankintl  left  to  the  guitlanec  of  tltf 
natural  appetites  and  the  eliminating  influence  of  natural  «le^- 
tion,  luiB  always,  when  possible,  adopted  the  high  prtitv!    '     '  ' 
*J()  to  KM)  gms.  per  day.     Indeed,  the  uniformity  wnth 
level  luus  lieen  unconsciously  maintaineil  is  a  striking  fact.    Ain^^iJi 
the  rich  as  well  as  tlie  poor,  antl  in  races  ver>'  differently  r^"<^ 
as  regards  quantity  of  available  food,  substantiiUly  the 
amount  of  protein  (80  to  100  gms.)  is  consumed  dail 
individual*     The  element  of  the  diet  wJdch  varies  m*  - 
as  Cohnheim  points  out  in  an  interesting  discussion  of  thisqw*' 
tion,  is  the  non-protein,  particularly  the  carbohydrate  maiwi 
Those  who  are  obliged  to  do  much  muscular  work  to  earn  a  Svint 
or  for  the  sake  of  pleasure  {spt>rta,  athletics)  add  to  iheir  (Wf 
quota  of  pn»tpin  an  excess  of  earlxihydrate  food  to  fumish  iht  ^ 
ciuisitc  ene^g>^     On  the  contrary,  those  whose  diiily  life  if<fUB^ 
but.  little  muscular  exertion,  cut  dowTi  the  carl>ohydnites  and  fa^ 
anfl  make  their  diet  relatively  but  not  absolutely  richer  ill  pro<*^ — 
That  mankind  hiis  made  a  mistake  in  adopting  the  higher  pco*<>^ 
level  can  hardly  he  claimed  on  thp  luLsis  of  our  present  knowM^ 
We  must  be  content  to  aw  ait  until  the  matter  is  tested  mor^  f"**^ 
plctely  on  a  larger  scale  or  until  our  knowledge  of  the  detjul*" 
protein  metabolism  is  more  satisfactory. 
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Nutritive  Value  of  Different  Proteins. — If  we  consider  all  the 
GTerent  kinds  of  animal  and  vegetable  foods  it  is  evident  that 
great  variety  of  proteins  must  be  utilized  in  nutrition.  For- 
erly,  it  was  the  belief  that  all  these  different  proteins  (with  the 
ception  perhaps  of  gelatin)  have  an  equal  nutritive  value.  But 
e  knowledge  that  the  composition  of  these  proteins  varies  in 
gard  to  the  number  and  character  of  their  constituent  amino- 
idies,  and  the  fact  that  each  animal  out  of  the  complex  offered  to 
in  its  food  selects  certain  amino-acids  in  certain  proportions  from 
liich  to  reconstruct  its  own  peculiar  body-proteins,  suggest  natu- 
lly  the  thought  that  the  different  proteins  may  have  different 
dues  in  nutrition.  Elxperiments  have  demonstrated,  in  fact,  that 
is  is  the  case.  There  are  some  proteins  which  contain  all  the 
nine-bodies  requisite  for  the  maintenance  and  growth  of  the 
dmal  body  and  which  have  been  designated,  therefore,  as  "ade- 
late  proteins."  There  are  others  which  are  suflScient  for  a  main- 
nance  metabolism,  that  is  to  say,  suffice  to  furnish  material  for 
le  energy-needs  and  for  the  repair  of  tissue-waste,  so  that  the 
dmal  does  not  lose  in  weight,  but  are  not  adequate  for  the  pur- 
rees of  growth  in  young  animals,  and,  finally,  there  are  some  which 
hen  given  as  the  sole  protein  food  are  not  sufficient  either  for 
aintenance  or  growth. 

On  a  diet  of  this  latter  variety  of  protein  the  animal  loses  flesh 
ad  will  eventually  die.  Proteins  of  this  kind  may  be  designated 
B  ^'inadequate  proteins."  It  has  long  been  known  that  gelatin  is 
n  inadequate  protein  in  this  sense.  It  is  digested  easily  and  ab- 
orbed  and  eventually  undergoes  oxidation  in  the  body  with  the 
>ioduction  of  carbon  dioxid,  water,  and  urea.  The  energy  liber- 
ited  by  this  metabolism  is  utilized  no  doubt  in  the  body,  and  the 
S^tin  constitutes  an  "energy-food"  similar  in  a  general  way  to  the 
*-art)ohydrates  and  fats,  although  its  various  amino-acids  must  give 
t  to  some  extent  a  special  significance.  The  important  point  in 
^  connection  is  that  gelatin  alone  or  with  carbohydrate  or  fats 
^>e8  not  suffice  to  maintain  nitrogen  equilibrium.  It  does  not  sup- 
y  fully  the  nitrogenous  material  needed  for  the  repair  of  tissue. 
Mfi  deficiency  is  explained  by  the  fact  that  in  the  composition  of 
^  gelatin  certain  important  amino-acids  are  lacking,  tryptophan 
^^olaminopropionic  acid),  tyrosin  (oxyphenylaminopropionic 
^<i),  and  cystein  (thioaminopropionic  acid).  It  is  stated  that  if  a 
'K  is  fed  upon  a  diet  in  which  the  nitrogenous  material  is  repre- 
'^'ted  only  by  the  split  products  of  a  gelatin-hydrolysis  he  will 
^^^  a  minus  nitrogen  balance,  but  if  the  above-named  missing 
^no-acids  are  added,  particularly  the  tryptophan,  he  will  then 
^intain  his  nitrogen  equilibrium. 
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The  history  of  ^celalin  m  a  food  is  very  interesting  and,  indeed^  iMinirti*^ 
since  it  serves  or  ijhoiild  serve  as  a  warning  against  a  premature  applki!Uts 
ol  the  re-sults  of  «eientifie  investieation,  A  condenaeci  aceoimt  of  tm  ai]b|»tt 
IB  given  by  Voit  in  Hermann's  Handbuch  der  Physiologie,  voL  y\„  p,  91 
It  woiild  iseem  that  on  jit'fouiit  of  I  hi'  high  nitrogen  content  of  the  gdiuiii,iB& 
the  fact  that  it  ib  soluble,  ihen^  was  a  tendency  to  attribute  to  it  jui  mmd 
nutritive  value.  The  fact,  too,  that  the  gelatin  could  be  obtained  from  b<0i 
which  othen\iBe  were  bunied  or  thrown  away  was  important  in  sug^alfflC 
a  meatifi  for  the  economical  f«^iing  of  the  ptjor.  The  matter  wem  IsUfhi 
into  by  a  committee  during  the  French  Revolution  and  Bubeequentty  bj  i 
conuni^ion  of  the  French  Academy,  who  made  favorable  reporta.  Tbesufc* 
of  d^Ajcet,  in  making  gelatin  economically  by  a  new  proceas,  led  tb<»  PluUfr' 
thropic  Society  of  Parin  to  reqijest  the  Academy  of  Medicine  to  invcilipiit 
whether  gelatin  is  really  a  nutritious  and  healthy  food.  The  kcukuf 
appointed  a  commission  for  the  purpoee  and  the  report  of  this  commiaiaB 
published  m  the  Atumle^  de  Chimie,  vol  92,  1814,  was  mo«t  enthitfiii^ 
They  recommended  gelatin  as  a  most  nutritioue  and  healthful  food,  whw  rti 
natural  in^fipidity  was  corrected  by  the  addition  of  salts  and  savor>*  befc* 
On  the  basis  of  thijs  rejKjrt  the  article  was  largely  used  in  the  nourisKmrat  t^ 
hospital  patients,  but  in  course  of  time  com p lain t<8  became  so  emphatic  thai 
doubt  was  a^ain  raised  as  t<>  its  real  value.  In  fact,  a  reaction  get  in,  TV 
second  p-latm  eommmaion  of  the  French  Academy,  lH4i,  a  comnuoaon 'i 
the  Netherland^s  Institute,  1K44,  and  a  reT>ort  from  the  Academy  of  M«dinir» 
Paris,  185U,  all  eondemneil  gelatin  as  uselc^ss  from  tbe  standpoint  of  ooaRi^ 
ment,  and  as  injurious  rather  than  beneficial.  Thus,  as  so  often  luffifll. 
public  opinion  oscdlated  from  one  extreme  to  the  other.  The  tnit  ill* 
of  the  gelatin,  as  we  understand  it  to-day,  was  established  by  ^'oit*«  etfttf 
ments,  but  it  is  e\'ident  that  something  remains  to  be  explained.  It  »  we* 
clear  why  it  cannot  be  borne  better  in  a  diet  when  used  in  quantity. 


Most  suggestive  results  on  this  question  of  the  nutrit'  t  vshi* 
of  the  different  proteins  have  been  obtained  in  a  series  of  eajwfr 
rnent^  rejX)rted  by  Oslmnie  and  Mendel.*  These  observers  midt 
use  of  rats,  whieh  were  fed  with  a  suitable  mixture  of  inarpnic 
salt**,  carliohydrate,  f  at-s,  and  some  single  protein  representing  the 
soU^  form  in  which  nitrogenous  material  wns  supplied.  They 
found  that  in  addition  to  gelatin  the  protein  zein  obtaiadd  fn® 
maize,  wdiieli  is  deficient  in  the  ammo-acids,  tr^iitophan^  lysm.  «J 
gjycin,  is  also  an  inadeciuate  or  incomplete  protein.  GUadia  lod 
hordein  w^hieh  are  alcohol  soluble  proteins  obtained  from  whefit 
ry^e,  and  barley  when  fed  alone  sufficed  for  maintenance,  but  not  ^ 
^owih.  A  yotmg  rat  fed  upon  gliadin  alone  ceased  togjrow,  b<lt 
did  not  lone  in  weight,  although  the  powder  of  gro^ih  was  not  ki^ 
since  at  any  time  satisfactory  growth  could  be  re-€St4iblish*J  l^j 
substituting  a  suitable  dietary^  for  the  gliadin  mixtim».  By  the^ 
same  method  it  w^as  showTi  that  the  leguminous  proteins  wfe* 
fed  alone  are  inadec|uate  for  growth,  although  in  this  C4yw  apP*' 
rently  the  defect  is  not  due  to  lack  of  necessary  an)incHU!kbr  ^ 
to  some  other  undetenuined  cause.  There  are*  howie\fr,  ti^ 
single  proteins  which,  w^hen  fed  alone,  seem  to  be  entirely  miffipW  ^ 

*  Osbijrne  and  Mendel,  ^'Carnegie  Institution  of  Wiishington.  p^ibfeig*  | 
ir>6;'  parts  1  and  11,  1911,  also  "Journal  of  Biological  Cbemiftf>v**  tt  *^ 

1912,  and  i;^,  2;i:^,  HU2. 
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0  provide  all  the  necessary  nitrogenous  material  for  maintenance 
nd  growth.  Such  proteins  are,  for  example,  casein  from  milk, 
destin  from  hemp  seed,  glutenin  from  wheat,  lactalbumin  from 
lilk,  vitellin,  etc.  In  the  case  of  casein  it  is  noteworthy  that  we 
eal  with  a  protein  which  contains  no  glycin  (amino-acetic  acid). 
ince  this  protein  suffices  to  keep  the  animal  perfectly  nourished,  it 
\  evident  that  this  glycin,  which  is  undoubtedly  present  in  the 
Dimal's  body,  is  formed  de  novo  by  synthetic  processes  or  by  trans- 
iutation  of  some  other  amino-acid.  It  is  as  yet  an  unsolved  ques- 
ion  as  to  how  many  of  the  amino-acids  that  the  animal  needs  in  the 
instruction  of  his  own  protein  can  be  thus  formed  from  other 
laterial,  but  experiments  so  far  made  seem  to  indicate  that  there 
re  some,  notably  the  tryptophan  and  possibly  also  the  tyrosin  and 
ther  so-called  cyclic  compounds,  which  cannot  be  formed  within 
ac  body  by  its  own  metabolic  processes,  and  must,  therefore, 
e  provided  ready  formed  in  the  protein  food.  We  have  every  rea- 
>n  to  believe  that  a  continuation  of  this  kind  of  work  will  throw 
reat  light  upon  the  special  nutritive  value  of  different  proteins 
utside  the  mere  question  of  the  amount  of  available  energy  that 
tiey  furnish,  and  eventually  this  knowledge  will  give  us  a  prac- 
ical  guide  in  the  choice  and  control  of  dietaries  for  normal  and 
bnormal  conditions.    A  significant  fact  which  may  be  mentioned 

1  this  connection  has  been  discovered  in  connection  with  experi- 
lents  upon  the  disease  known  as  Beri-beri.  This  disease  occurs 
specially  among  the  oriental  nations  which  make  great  use  of  rice 
I  their  dietary.  It  has  been  shown  that  the  condition  arises  from 
a  exclusive  or  nearly  exclusive  diet  of  polished  rice,  that  is  to 
iy  rice  from  which  the  outer  layer  of  the  grains  have  been  removed. 
"he  condition  can  be  obviated  by  using  the  polishings  or  by  the 
ddition  of  meat  or  barley  to  the  dietary.  A  similar  condition 
lay  be  produced  in  fowls  by  a  diet  of  polished  rice,  and  Funk*  has 
een  able  to  show  that  there  is  contained  in  the  rice-polishings  a 
asic  nitrogenous  substance  (vitamine),  apparently  the  basic  com- 
onent  of  a  lipoid  body,  which  when  added  to  the  diet  cures  the 
ondition  of  polyneuritis  produced  in  pigeons  by  feeding  on  the 
olished  rice.  This  organic  base  occurs  in  varying  amounts  in 
lifferent  foods;  it  is  particularly  abundant  in  the  yeast  cell.  This 
liscovery  would  indicate,  therefore,  that  in  Beri-beri  we  have  to 
leal  with  a  condition  of  malnutrition  induced  by  the  absence  of  an 
ssential  constituent  of  the  food. 

The  Specific  Dynamic  Action  of  Proteins. — ^This  somewhat 
indefinite  term  is  used  by  Rubner  to  designate  the  fact  that  pro- 
tein foods  seem  to  increase  the  metabolic  processes  of  the  body 

♦  Funk,  "Journal  of  Physiology,"  vols.  43,  44  and  45, 1911, 1912.  See  also 
Moore,  "Bio-chemical  Journal,"  6,  355,  1912. 
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to  a  greater  extent  than  the  fats  or  carlmliyflratps.  This  pecu- 
liarity may  he  deiiioastrateil,  for  iiLstant'e*  in  the  case  of  astairinf 
anima!  living  upoia  its  own  substance  antl  metabolizing  a  certaiii 
amount  of  its  tisisues  daily.  The  amount  thu.?  met.atK>Llz€s(l  um 
he  expressed  in  terms  of  the  heat  proihiction,  and  it  represeiii^  the 
minimal  consumption  of  material  requisite  for  the  mmntmanoe 
of  }x)dy- temperature  and  the  other  energ>'-needs  of  the  boil 
If  this  minimal  daily  eonsumptioii  is  ex])ressed  in  calories  lod 
the  animal  is  given  food  containing  the  same  amount 
able  energy,  the  consmnption  of  body  material  is  not 
coverei:!  since  the  food  Jeaiis  to  an  increased  total 
which  is  especially  marked  in  the  case  of  proteins.  Expr^nngtli^' 
minimal  daily  nietaboiism  during  starvation  by  100,  Rubner  esti* 
mates  that  if  this  amount  of  ener^^  were  supplied  in  the  diet  h} 
proteins,  fats,  and  carbohydrates  respectively,  the  protein, 
alone,  would  cause  an  increased  heat  production  in  the  body 
about  30  per  cent.,  the  fats  13  per  cent.,  and  the  earlx>hy 
6  per  cent.  The  fact  that  protein  food  tends  to  increase  the  totil 
metabolism  of  the  body  has  been  explained  by  some  authot^  on  the 
assumption  that  a  greater  amount  of  secreting  and  muscular  wart 
is  required  for  its  digestion.  The  proteins  are  retained  for  a  hof^ 
time,  for  instiince,  in  the  stomach,  and  the  continued  muscubi 
movements  of  the  organ  involve,  of  course,  a  consumption  of  tipuf 
material.  This  explanation  does  not  seem  to  be  entirely  satirfl^ 
tor>r,  and  the  term  ^'specific  djmamic  action"  expresses  the  viewtkt 
the  protein  food  actually  leads  t>o  a  greater  metaljolisro  in  tbe 
tissues.  Rubner's  explanation  of  this  fact  is  that  before  pmtan 
can  be  used  for  the  energy*  needs  of  the  body  it  must  be  sfilit 
a  nitrogenous  and  a  non-nitrogenous  part,  and  that  the  lal 
tion  only  is  available  for  the  energj*  requirements^  The 
process  or  the  series  of  splitting  and  oxidative  proceases 
must  occur  in  the  preparation  of  the  non-nitrogenous  (carbokj^ 
drate)  material  from  the  protein  molecule  liberate  a  certain  amouBt 
of  heat,  free  heat  as  he  calls  it,  which,  while  helping  to  keep  up  the 
bofly  temperature,  is  not  utilizable  for  the  energy-  needs  of  th< 
working  cells.  This  amount  of  energ>'  is,  therefore,  wasted*  ao^ 
speak,  and  more  protein  has  to  be  taken  to  supply  the  body 
would  be  the  case  if  al!  of  its  potential  chemical  energy  weit* 
izable.* 

*  For  further  discussion,  sw  Rubner,  *^Ge&t*Ue  dea  Enenp<f\*«fefwi^ 
1902,  or  Luftk,  'Tiemnits  of  the  SdeiM'e  of  Nutrition,"  Phikdclplus. 


CHAPTER  XLVin. 

KUTRinVE  HISTORY  OF  CARBOHYDRATES  AND  FATS. 

^The  Carbohydrate  Supply  of  the  Body. — The  available  carbo- 

i^drate  xnaterial  of  the  body  consists  of  the  glycogen  found  in  the 

B|  especially  in  the  liver  (1  to  4  per  cent,  or  more)  and  mua- 

(0.5  per  cent.),  and  the  sugar  formed  from  this  glycogen  and 

o^esent  constantly  in  the  blood  to  the  amount  of  0.1  to  0.15  per 

exxt,.    In  addition  it  is  believed  that  during  starvation  glycogen 

«•  sugar  may  be  made  from  the  protein  tissues  of  the  body,  and 

>ossibly   also   from   the  body  fat,  although  this    latter  source  is 

lispiuted.    The  supply  of    glycogen   under   normal   conditions  is 

n^tintained  chiefly  by  the  carbohydrate  food.     As  was  explained 

tt     the   section    on    Digestion,  the    starches,  sugars,  gums,    etc., 

'^'M.ch    constitute    the    carbohydrate   foodstuffs    are   eventually 

^l^eorbed  into  the  blood  as  simple  sugars,  chiefly   dextrose,   but 

P'^'^bably  also  some  levulose  and  galactose.     These  simple  sugars 

50iii3titute  the  important  glycogen  formers.     With  regard  to  the 

proteins  there  is  still  some  difference  of  opinion  as  to  whether  all 

rf  "them  are  capable  of  yielding  glycogen  to  the  body.    Accepting 

tt^^  modem  view  that  the  proteins  in  digestion  are  split  into  their 

DOixstituent  amino-bodies  the  question  of  the  relation  of  the  pro- 

|^®*ix-food  to  sugar-formation  may  be  approached  most  readily  by 

■^"^^stigating  the  effect  of  feeding  the  different  amino-acids  sepa- 

p^'tely.    A  convenient  method  of  studying  this  point  is  to  feed  the 

^'^^ino-acids  to  dogs  rendered  diabetic  by  the  use  of  phlorhizin  (p. 

8&2).    In  such  animals  the  amino-acids,  if  converted  to  sugar,  will 

^l>ear  in  the  urine  as  sugar  and  can  be  detected  without  diflSculty. 

^^periments  of  this  kind*  indicate  clearly  that  a  number  of  amino- 

^^^cis  can  yield  sugar  in  the  body,  for  example,  glycin,  alanin,  as- 

P^^*tic,  and  glutaminic  acids.    We  may  believe,  therefore,  that  the 

P'^teins  giving  rise  to  these  amino-acids  during  digestion  may 

*^^e  as  glycogen-formers.     The  store  of  glycogen  in  the  body  is 

*^ut  equally  divided  between  the  liver  and  the  muscular  tissues, 

^'^^l  it  is  estimated  that  in  man  each  of  these  d6p6ts  may  contain, 

*^  a  maximmn,  about  150  gms.    The  regulation  of  the  supply  of 

'^*^r  to  the  blood  is  usually  attributed  to  the  liver.     This  regu- 

» ,      *  Lusk,  ^'American  Journal  of  Physiologj',"  22,  174,  1908;  also  Ringer  and 
*^^^^,  "Zeit.  f.  physiol.  chem.,'*  66,  106,  1910. 
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lation  is  adjusted  so  that  the  percentage  of  sugar  in  the  blotxli* 
kept  astonishingly  constant,  between  0*1  and  0.2  per  ceni.,  not 
only  during  the  ooncUtions  of  ordinary  living,  but  under  glldi  sn 
abnormal  eondition  as  prolonged  starvation.  It  is  assumed  tliat 
this  oonstranoy  of  composition  is  effected  mainly  by  an  eMsiBf 
formed  in  the  Mver  cells,  which  convert.s  the  glycogen  to  dextitrK- 
in  pro]>ortion  iis  the  sugar  of  the  blood  is  used  up  by  the  tis«%u»  ^ 
Like  the  similar  enzymes  acting  on  the  starch  of  the  food  the  ] 
ess  m  one  of  hydrolysis  of  a  pol>  saecharid  to  a  monosacch/irid 

The  Intermediary  Metabohsm  of  the  Carbohydrate  in  tbe 
Body, — Eventually  the  carbohydrate  of  the  body  is  oxidixed  © 
the  tissues  with  the  formation  of  carbon  dioxid  and  water.  Much, 
uncertainty  prevails,  however,  as  to  the  steps  and  means  by  whid 
this  oxidation  is  effect^!.  Reference  has  already  been  made  totk 
important  fact  that  the  internal  secretion  of  the  pancreas  is  Wft* 
cemed  in  this  process  (p.  870),  since  removal  of  the  pancPMsii 
followetl  by  a  condition  of  diabetes  in  which  the  sugar  escapes  fur* 
ther  metabohsm  and  is  eliminated  in  the  rnine.  Under  twal 
conditions  the  sugar  furnished  by  our  starchy  foods  is  believed  iol* 
used  promptly  in  the  body  as  a  source  of  enei©^  It  is  prohkbly 
broken  down  and  oxidized  by  the  successive  action  of  a  number  d 
enzymQSj  with  the  formation,  therefore,  of  a  number  of  inttf* 
mediate  products^  the  entire  process  being  desi^ated  frequefttJf 
by  the  term  glywhjsis.  Our  knowledge  at  present  is  not  eafficieJrt 
to  warrant  positive  statements  concerning  the  exact  natun  ^ 
these  intermediate  processes.  It  is  most  probable  that  the  to 
step  consists  in  the  formation  of  lactic  acid.  There  is  evidencie  to 
show  that  the  hver  readily  converts  sugar  to  lactic  acid,  and  intk* 
muscle,  as  we  have  seen,  the  lactic  acid  formed  during  coDtra(*tkiR 
comes  in  all  probability  from  the  sugar  in  the  muscle,  either  iHftdi} 
or  indirectly.  The  chemistry  of  this  change  is  a  matter  of  specubr 
tion,  but  it  seems  to  be  complete,  one  molecule  of  sugar  giviogW 
to  two  molecules  of  lactic  acid  according  to  the  formula: 

Some  energy  is  liberated  in  this  transformation,  but  very  litife»  ^ 
more,  perhaps,  than  3  per  cent,  of  the  available  enei^gy  of  *^ 
sugar  (1  gram  of  sugar  =  3762  calories,  1  gram  of  lactic  arid  ' 
3661  calories).  It  is  believed  that  the  remainder  of  theaviiliUr 
energy  in  the  sugar  is  liberatefl  by  processes  of  oxidattOiL*  wfcfcfc 
probably  take  place  through  intermediate  stages  that  at  pi*** 
are  not  definitely  knoTriii.  There  can  be  little  doubt,  on  tbeirfi** 
that  the  complete  metabolism  of  sugar  in  the  body  foBcpiw  • 
schema  which  can  be  expressed  briefly  as  follows: 

Gb'cogen  ^  Dextrose  -*  Lactic  acid  -•  Carbon  dioxid  aAd  «>^ 
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)n  the  other  hand,  it  must  be  borne  in  mind  that  lactic  acid  may 
Jso  serve  as  material  from  which  the  body  can  construct  other  sub- 
tances  by  processes  of  synthesis,  oxidation,  or  reduction.  Thus 
b  is  known  that  lactic  acid  may  be  converted  back  to  sugar  and 
tored  as  glycogen.  Another  suggestive  and  far-reaching  possibil- 
by  is  that  the  lactic  acid  with  ammonia  may  be  transformed  to 
lanin  and  thus  form  a  building  stone  in  the  synthesis  of  protein. 

It  is  believed  that  this  transformation,  if  it  occurs,  takes  place  through  the 
itermediate  formation  of  a  ketonic  acid.  An  intimate  and  reversible  rela- 
ioD^p  seems  to  exist  in  the  body  between  the  amino,  the  hydroxy,  and  the 
etonic  acids.*  These  acids  may  oe  transformed  from  one  to  the  other,  accord- 
ig  to  the  series — 

CH,CHNHaCXX)H  ^  CH.COCOOH  ^  CH.CHOHCOOH. 

Alanin.  Pyruvic  add.  Lactic  acid. 

b  win  be  seen  that  this  relationship  implies  the  possibility  of  a  utilization  of 
roton  material  for  the  construction  of  sugar  (or  fat)  through  lactic  acid,  and, 
n  the  other  hand,  of  a  utilization  of  carbohydrate  material  for  the  synthesis 
f  protein  through  lactic  acid  and  anmionia. 

At  least  one  other  interesting  product  formed  from  sugar  has 
>een  detected  in  the  body  and  that  is  glycuronic  acid.  This 
ubstance  has  been  obtained  from  the  blood,  liver,  and  urine,  and 
xists  usually  combined  with  various  toxic  or  injurious  substances, 
uch  as  the  phenols  or  camphor.  When  these  substances  are 
liven  to  animals  or,  as  is  the  case  of  the  phenol,  are  formed  in  the 
lody,  they  are  apparently  conjugated  with  glycuronic  acid  and 
xcreted,  somewhat  as  the  phenol,  indol,  etc.,  are  conjugated 
idth  sulphuric  acid  and  excreted.  The  relationship  of  glycuronic 
icid  to  sugar  is  indicated  by  the  following  formulas: 

CHjOH  COOH 

(CHOH)*       (CHOH), 

COH  COH 

Dextrose.         Glycuronic  acid. 

Aether  this  product  is  used  solely  for  protection  against  toxic 
ubstances,  or  constitutes  one  member  of  a  normal  series  of  metabo- 
isms  of  the  sugar  molecule  has  not  been  determined. 

Regulation  of  the  Sugar-supply  of  the  Body. — The  r^ulation 
rf  the  sugar-supply  of  the  body  is  a  matter  of  the  greatest  im- 
x>rtance.  On  the  one  hand  we  have  the  process  of  the  conversion 
>f  sugar  to  glycogen,  glycogenesis,  as  it  has  been  called,  and  the 
nibsequent  gradual  reconversion  of  this  glycogen  to  sugar  (glyco^ 
analysis) y  according  to  the  needs  of  the  body.  On  the  other  hand, 
we  have  the  processes  of  consumption  of  sugar  in  the  tissues  for 
aiergy  purposes,  a  process  designated  often  as  glycolysis,  the 
tiature  of  which  is  discussed  in  the  preceding  paragraph.  It  is 
evident  that  these  various  processes  must  be  adapted  one  to  an- 
other, for  we  know  that  if  for  any  reason  the  percentage  of  sugar 

*  Consult  Dakin,  "Oxidations  and  Reductions  in  the  Animal  Body,"  1912. 
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in  the  blood  ri^es  but  slightly  above  the  normal,  a  condition 
nated  as  hyperglycetma,  there  occurs  at  once  an  escape  of 
the  urine  (glycosuria).  Regulations  undoubtedly  exist  for  tfct 
control  and  a<:laptation  of  these  several  processes,  and  at  one  poiat 
or  another  these  regulations  may  break  down  with  a  resuttioi 
disturbance  in  sugar  consumption  that  manifests  itself  usually liy 
the  development  of  a  condition  of  diabetes  or  glycosuritL  la 
the  first  place  it  may  be  recalled  that  glycoQuria,  8o-<^alled  alimflk* 
tary  glycosuria,  may  result  from  eating  an  excess  of  earhohj 
In  this  case  apparently  sugar  absorbed  from  tlie  alimentary' 
is  supplied  to  the  liver  more  rapidly  than  the  latter  oi^an  can  ^* 
thesize  it  to  glycogen.  The  breakdovra  in  r^^ulation  is  in  tte' 
process  of  glyt^ogenesis.  Stimulation  of  sensor>"  ner\'eft  or  lesioo^of 
the  central  nervous  s^Tstem  may  also  produce  glycosuria.  One  of 
the  most  interesting  experiments  in  this  connection  is  the  piqiire 
or  "sugar  puncture/*  first  noted  by  Claude  Bernard  (1855).  A 
slight  puncture  of  the  metlulla,  made  between  the  levels  of  («r 
gin  of  the  vagus  find  auditor>^  nerves,  result^s  in  the  appeanuierof 
sugar  in  the  urine.  The  phenomenon  has  been  much  investtgAtel 
and  it  was  assumefl  at  one  time  that  it  might  be  due  to  a  irto 
effect  upon  the  liver  through  the  nen^ous  system.  Later,  ejqteri- 
ments  indicate  that  the  effect  is  due  to  a  refiex  upon  the  adfwal 
gland  causing  a  hypersecretion  of  epinephrin,*  Increi^ed  concaK 
tration  of  epinephrin  in  the  blood  leads,  as  is  well  knowTi,  to  hjrpff^ 
glycemia  and  glycosuria.  In  this  case  the  regulation  seems  to 
break  dowTi  in  the  proceas  of  glycogenolj'-sis.  As  was  iUtrf 
in  the  chapter  on  internal  secretions,  epinephrin  accelerates  to 
process,  and  possibly  also  the  secretion  from  the  posterior  lobe 
of  the  h>pophysis.  In  this  connection  we  may  recall  abo  tkt 
severe  form  of  glycosuria  following  upon  removal  of  the  panfwtf* 
the  so-called  pancreatic  diabetes  (p.  869),  Here  abo  the  troui 
is  referable  to  a  change  in  one  of  t  he  internal  secretions,  but  in  thii 
instance  it  is  a  defective  rattier  than  an  excessive  secretion  ^^ 
induces  the  glycosuria.  Whether  the  loss  of  the  internal  secretioo 
of  the  pancreas  affects  the  stage  of  glycogenolj'^is  or  the  sUfif  rf 
glycolysis  is  perhaps  an  open  question.  The  usual  view  hai 
that  this  secretion  is  concerned  somehow  wnth  the  processes 
consumption  of  sugar  in  the  tissues,  l>ut  in  what  w^ay  it  entei^ffl*^' 
this  process  remains  to  be  discovered.  A  striking  eonfinoatioii  rf^ 
this  view  is  found  in  experiment^i  upon  the  isolat-ed  heart  rtpot^ 
by  Knowlton  and  Starling,  t  These  observers  found  tlint  the  betf* 
of  a  dog  from  whom  the  pancreas  hatl  been  removed  three*  ta  ^ 
days  previously  absorbed  little  or  no  sugar  from  the  blood  u*<lt^ 

*  8eo  BorboriB^,  "Skandinavisfhc^  Archiv  f.  Physiologic/*  28,  dl»  1912. 
t  Ivtiowlton  and  Starling,  *'Priwe<Hiin|E9of  the  Royal  Society,"  Ijowi**^ 
85,  218,  1912. 
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eep  it  beating,  but  if  boiled  extracts  of  pancreas  were  added  to  the 
locd  then  the  beating  heart  consumed  an  amount  of  sugar  equal 
>  -ihat  found  usually  for  a  normal  isolated  heart. 

In  mankind  defective  sugar  metabolism  manifests  itself  chiefly 
L  fahe  disease  known  as  diabetes  mellitus.  In  this  severe  and  usually 
,'taaX  disease  the  amount  of  sugar  lost  daily  in  the  urine  may  be  very 
JT^e.  In  severe  forms  of  the  disease  practically  all  the  carbohydrate 
■  t>he  food  may  be  eliminated  in  the  urine  in  the  form  of  sugar,  and 
r^n  when  the  diet  contains  no  carbohydrate,  or  during  complete 
^axvation,  sugar  continues  to  be  secreted  in  the  urine  in  consider- 
ble  amounts.  In  these  latter  cases  the  sugar  is  supposed  usually  to 
Ave  its  source  in  the  proteins  of  the  food  or  of  the  body,  a  view 
f Iiich  is  supported  by  the  fact  that  the  amount  of  nitrogen  and  dex- 
roBe  excreted  in  the  urine  may  exhibit  a  constant  proportion  to  each 
>ther.  The  ratio  of  dextrose  to  nitrogen  (D  :  N)  is  given  as  3.65  to 
*^-*  Special  cases  have  been  reported,  however,  in  which  the  ratio 
preceded  these  figures.  The  general  and  specific  symptoms  observed 
^  diabetes  mellitus  closely  resemble  those  observed  upon  dogs 
'Offering  from  pancreatic  diabetes.  It  seems  probable,  therefore, 
"*«t  in  man  the  condition  of  diabetes  may  also  be  due  in  the  first 
^we  to  some  trouble  in  the  pancreas  which  prevents  it  from  giving 
w  its  normal  internal  secretion.  Whether  or  not  the  activity 
*' th^  pancreas  is  impaired  in  all  these  cases,  the  majority  of  those 
^ho  have  studied  the  subject  agree  that  the  final  difficulty  lies 
a  th^  fact  that  the  tissues,  especially  the  muscular  tissues,  can 
^  ^tiilize  the  sugar  brought  to  them  by  the  blood.  Some  writers 
ake  an  entirely  different  point  of  view,  holding  that  the  difficulty 
les  not  in  the  consumption  of  sugar  by  the  tissues,  but  at  the 
ifther  end,  namely,  in  the  proper  handling  or  assimilation  of  the 
nig^r  as  it  is  absorbed  from  the  alimentary  canal,  or  in  an  increased 
production  of  sugar  in  the  body,  t  But  assiuning  the  correctness 
of  the  usual  view,  it  has  been  a  question  as  to  what  part  of  the 
process  of  glycolysis  is  affected.  According  to  experimental 
*®^ts,t  it  would  seem  that  the  diabetic  individual  can  still 
^^'^idize  substances,  such  as  glycuronic  acid  or  saccharic  acid, 
which  are  closely  similar  to  the  sugar  in  structure,  and  form 
Possibly  normal  intermediary  products  in  its  metabolism.  It  has 
"^n  suggested,  therefore,  that  the  difficulty  lies  in  the  preparatory 
^^bolism  of  the  sugar,  which  fits  it  for  oxidation.  In  addi- 
"^Xi  to  the  sugar  found  in  the  urine  in  diabetes,  this  secretion 
^y  also  contain  considerable  amounts  of  the  acetone  bodies, 
'^^^Jaely,  ^-oxybutyric  acid,  aceto-acetic  acid,  and  acetone.     It 

*  Lusk.  "Elements  of  the  Science  of  Nutrition,"  Philadelphia. 

t  For  literature  on  the  metabolism  of  Diabetes,  see  Lusk,  "Archives  of 
^^temal  Medicine,"  Feb.,  1909;  Magnus-Levy,  "The  Medical  Record,"  Dec. 
»  1910,  and  Minkowski,  ibid.  Feb.  1,  1913. 

X  See  Baumgarten,  "Zeit.  f .  exp.  Path.  u.  Therapie,"  2,  53,  1905. 
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is  probable  that  these  bodies  represent  intermediary  ppxiurii 
in  the  inetabulisQi  of  the  fats  of  the  body  whidi  esrape  oxidatK^n. 
and  they  appear  in  the  urine  of  the  diabetic  either  bec&tise  til  I 
power  of  the  tissues  to  oxidize  their  fatty  foods  has  a\dt>  hecomtl 
impaired  or,  as  seems  possible  in  the  beginning,  at  least,  sinifiTJ 
becnuse  in  the  Iosb  of  the  power  to  utilize  the  energv^  of  the  caAo- 1 
hydrates  the  tissues  consume  more  fat,  and  whenever  the  1 
consumption  is  large  it  is  likely  to  be  incomplete,  that  is,  8oroe< 
the  intermediary  products  fail  of  oxidation  and  pass  inlo  ttal 
general   circulation   (see  p.  896). 

Phlorhizin  Diabcle.'i, — Phlorhizin  is  a  vegetable    glueodde  ol^ 
tained  from  the  root^  of  certain  trees — e.  g.,  apple,  pear.   Wfcil- 
injected  into  an  animal  it  causes  a  glycosuria  which  is  temparaifj 
but  which  may  be  renewed  by  repeated  injections.    Ex&mtaiUpd 
of  the  blood  in  this  case  i-eveals  the  fact  that  the  percent^  fl 
sugar  is  not  increased,  so  that  the  immediate  cause  of  the  gh'cowrii 
is  different  from  that  responsible  for  the  diabetes  of  man  or  d 
animals  without  the  pancreas,     A  satisfactory  explanation  of  ll* 
action  of  the  phlorhizin  has  not  yet  l>een  obtained,  but  it  would 
Beem  that  the  drug  acts  in  some  way  upon  the  kidney  iti^lf— tk»t 
is,  the  tissues  of  the  body  are  probably  still  able  to  metabolitt  tb 
sugar,   but  the  blood  is  continually   depleted  of  this  suhitjoct 
through  the  kidney  ;  it  leaks  off  through  tlic  kidney  faster  thifi  it 
can  be  utilized  by  the  tissues.    The  evidence  at  hand  seems  to  mdh 
cate  that  the  sugar  (in  part  at  least)  exists  in  the  blood  in  »ipi 
form  of  colloidal  combination,  and  that  under  the  influence  of  tin 
phlorhizin  the  kidney  breaks  up  this  combination  and  elinwnilw 
the  sugar.* 

From  this  brief  description  of  the  fate  of  the  carbohytiriie 
in  the  body  it  is  evident  that  its  history  as  a  food-«tuff 
be  considered  conveniently  under  three  heads,  namely,  it*  i 
itsstnnige,  and  its  consumption.     The  supply  is  regulated 
diet.     In  the  usual  tliet  carbohydrate  constitutes  the  chief 
also  the  most  variable  factor.     Its  cheapness,  its  ease  of  digesU** 
and  of  consumption  make  it  the  most  convenient  and  eccmori^^^ 
source  of  energy  tu  the  Ijody.     When  our  energy*  needs  are  '   - 
as  in  muscular  w^ork,  the  carbohydrate  portion  of  the  diet  ^ 
increased;  when  the  energy  needs  are  small,  as  in  a  sedenti^ 
life,  the  amount  of  carbohydrate  is  reduced.     The  stoiaV  ^ 
carbohydrate  in  the  Ijody  is  provided  for  temporarily  by  v 
glycogenetic  function  of  the  liver  and  the  muscles.     This  funfW 
may  be  deranged  for  a  time  by  injuries  to  the  central  nff^^  j 
system  or  by  hji^ersecretion  of  the  adrenal  glands  or  tlje  hy^o^^' 

•  For  more  complete  details  and  the  literature,  sec  Macl€od,  *Tbr  M<*^  | 
oliam  of  the  Carbonydrates**  in  *'RxH-ent  Advances  in  Ph^-aiolofyr'*  l^f** 
and  New  York,  1906,  and  Lusk,  ^'Ergeboiase  d.  Physiolo(pe;^'  12»315»,  \^^ 
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I,  in  which  case  hyperglycemia  and  glycosuria  result.  Or 
e  glycogenetic  function  may  be  inadequate  to  handle  all  the 
gar  absorbed  from  the  alimentary  canal  (alimentary  glycosuria), 
d  in  this  case  also  there  is  a  temporary  hyperglycemia  and 
^cosuria.  At  the  consumption  end  the  amount  of  sugar  de- 
oyed  is  controlled  by  the  energy  needs  of  the  tissues,  especially 
*the  muscles.     Failure  to  destroy  the  sugar  at  this  point  brings 

also  a  hyperglycemia  and  glycosuria  of  a  more  serious  nature. 

Our  sugar-r^ulating  mechanism  in  fact  may  break  down  in  one 
four  general  ways,  which  may  be  tabulated  briefly  as  follows: 

1.  CJonversion  of  sugar  to  glycogen  (liver)  breaks  down  in 
mentary  glycosuria. 

2.  Conversion  of  glycogen  to  sugar  (liver)  breaks  down  in 
uries  to  the  central  nervous  system,  excessive  internal  secretion 

adrenal  gland,  etc. 

3.  Glycolysis  of  sugar  (muscles  and  other  tissues)  breaks  down 
diabetes  mellitus  and  pancreatic  diabetes. 

4.  The  normal  impermeability  of  the  kidney  breaks  down  in 
loridzin  diabetes. 

Functions  of  the  Carbohydrate  Food. — The  general  value  of 
e  carbohydrate  food  to  the  organism  may  be  summarized  as 
Hows:  (1)  It  furnishes  a  source  of  energy  for  the  needs  of  the 
Jsue  cells  and  particularly  for  muscular  work.  It  will  be  remem- 
Jred  that  the  glycogen  of  a  muscle  disappears  in  proportion 
►  the  work  done  by  the  muscle,  and,  indeed,  prolonged  muscu- 
•r  Work,  especially  during  starvation,  may  wipe  out  quickly  the 
^tire  store  of  glycogen  in  the  body,  in  the  liver  as  well  as  in 
^^  muscles.  It  is  usually  believed,  therefore,  that  the  oxida- 
^on  of  the  sugar  furnishes  energy  which  by  the  machinery  of 
^^  muscles  is  utilized  to  do  work, — that  is,  to  cause  muscular 
distractions.  It  seems  probable  that  imder  normal  conditions  this 
material  furnishes  the  main,  if  not  the  sole  source  of  energy  for 
ttuscular  work.  (2)  The  oxidation  of  the  sugar  furnishes  an  im- 
jprtant  part  of  the  constant  supply  of  heat  needed  by  the  body, 
5*ch  gram  of  sugar  on  oxidation  yields  —  4  Calories  of  heat,  and, 
^ce  the  carbohydrates  form  the  largest  part  of  our  diet  and  are 
^y  oxidized  in  the  body,  they  must  be  regarded  as  an  especially 
•^^^ilable  material  for  keeping  up  the  supply  of  animal  heat.  The 
^est  part  of  the  energy  liberated  by  the  oxidation  of  sugar  in  the 
^^les  during  contraction  takes  the  form  of  heat,  and  even  dur- 
%  muscular  rest  the  condition  of  tone  is  probably  attended  by  a 
instant  oxidation  of  this  material.  (3)  The  oxidation  of  the  sugar 
f'otects  the  protein  of  the  body.  Attention  has  already  been 
Jled  to  the  fact  that  an  animal  may  be  kept  in  nitrogen  equilibrium 
^  a  relatively  small  protein  diet  provided  carbohydrates  (or  fats) 
5  also  eaten.     One  may  say,  in  fact,  that  as  the  carbohydrate  food 
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is  iiKTcased  the  proU^in  food  may  be  diminished,  down 
irreilufiljle  n  iiximiini  whirh  is  probably  the  amount  ncKWT 
for  the  reconi=;tnictiuii  uf  new  tissue.  From  ihe  chemical  c<Jt&* 
position  of  carbohydrates  it  is  evident  that  they  alone  cannot  aem 
to  huild  up  protoplasm.  An  animal  fed  on  carbohydrate  hA 
liUme.  no  matter  how  abundant  the  supply,  would  evwiluallj 
starve  to  death.  Within  certain  limits,  however,  the  carbohy 
drates  are  protein  sparers;  the  energ}^  provided  by  their  oxidat!o0< 
keeps  up  the  supply  of  heat  and  enables  the  muscles  and  the  o1 
tissues  to  fjlitain  the  euerg}^  necessary  fc>r  their  special  kind  i] 
work,  and  in  this  way,  chiefly,  the  carbohj^lrates  protect  the  living 
protein  from  consumption  and  enable  us  to  reduce  the  pruUia 
material  in  uur  diet.  Experiments  show,  in  fact,  that  ctfbi^; 
hydrate  is  much  rnnre  efficient  as  a  sparer  nf  protein  tlwiii  i^] 
An  animal  fed  on  carboliy pirates  alone  loses  less  protein  fmralhc 
body  than  when  kept  on  a  fat  diet  containing  the  same  amount  of 
heat  energj%  and  the  minimal  amount  of  protein  upon  wliiehtii* 
bod>^  may  be  kept  in  nitrogen  equilibrium  Is  much  lower  « 
the  protein  is  comhineii  with  an  aimntlant  supply  of  carfKihydi 
than  in  the  r^ise  of  a  iliet  of  protein  and  fat  together.  It  mtul* 
seem  that  the  body  must  always  have  sugar  to  oxidiie*  If 
material  is  not  funiisfied  in  the  food^  it  is  obtained  by  hr^nz 
down  the  body  protein  itself,  iis  is  indicated  by  the  continufd 
formation  of  sugar  in  dial>etes  and  als4>  by  the  fact  that  ev^en  ia 
prohmged  starvation  the  sugar  cfintents  of  the  blood  are  kejrt  ti 
a  normal  level.  (4)  Any  excess  of  carbohydrate,  taken  as  foo 
beyond  the  powder  of  the  tissues  to  store  as  glycogen  niiv 
syntliesi^ed  to  form  fat.  Nutritional  experiments,  dcssfri 
below,  leave  no  doubt  that  the  fat  of  the  body  may  be  foi 
from  carbohydrate  food*  It  is  stated  that  the  fat  of  the  b<«! 
having  this  origin,  so-called  carbohydrate  fat,  is  of  a  mom 
consistency  than  the  fat  ilerived  from  other  sources. 
Nutritive  Value  of  Fats.^The  fats  of  food  arp 
the  lacteals,  chiefly  fis  neutral  fats— the  so-calle<l  vi 
chyle  fat  is  transportedl  to  the  blood  by  w^ay  of  the  great  thorari^ 
du(*t,  ami  after  it  is  poured  into  the  blood  it  renmins  in  the 
culation  for  a  considerable  time,  being  slowly  picked  out  by  tl 
tissues  which  can  use  it  in  their  metaliolic  prcjcessea*  W 
these  tissues  it  is  oxidized  to  supply  the  energj^  needs  of  the 
The  final  products  o(  tlie  oxidation  are  the  same  as  wb«i  fiJ  ^ 
burnt  outside  the  body — namely.  Vi\  and  HjO— and  %cvf^ 
sponding  amount  of  energ>-  must  be  liberated.  Speaking  jeenffiijj 
then,  t!ie  essential  nutritive  value  of  the  fats  is  that  they  fi 
energy  to  the  body,  antl,  from  a  chemical  standpoint,  ihey 
contain  more  availatile  energy,  weight  for  weight,  than  thepn^w^ 
or  the  carhnliydrates.     In  a  well-nourished  animal  a  lar^nm^^ 
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fat  is  found  nonnally  in  the  adipose  tissues,  particularly  in  the 
►-called  "panniculus  adiposus"  beneath  the  skin,  in  the  folds 

the  peritoneum,  etc.  Physiologically,,  this  body  fat  is  to  be 
garded  as  a  reserve  supply  of  nourishment.     When  fatty  food 

eaten  and  absorbed  in  excess  of  the  actual  metabolic  processes 
'  the  body,  the  excess  is  stored  in  the  adipose  tissue  as  fat,  to  be 
rawn  upon  in  case  of  need — as,  for  instance,  during  partial  or 
>inplete  starvation.  A  starving  animal,  after  its  small  supply 
f  glycogen  is  exhausted,  lives  entirely  upon  body  proteins  and 
^ts;  the  larger  the  supply  of  fat,  the  more  effectively  will  the 
rotein  tissues  be  protected  from  destruction.  In  accordance  with 
lis  fact,  it  has  been  shown  that  when  subjected  to  complete 
iwrvation  a  fat  animal  survives  longer  than  a  lean  one.  Our 
ipply  of  fat  is  called  upon  not  only  during  complete  abstention 
■om  food,  but  also  whenever  the  diet  is  insuflScient  to  cover  the 
nidations  of  the  body,  as  in  deficient  food,  sickness,  etc. 

The  Intermediary  Metabolism  of  the  Fat. — The  fat  absorbed 
*food  may  temporarily  subserve  several  different  purposes:  (1)  It 
^y  be  oxidized  with  the  formation  of  heat  energy.  (2)  It  may 
B  stored  in  the  tissues  as  part  of  the  body  fat.  (3)  It  may  he 
^thesized  with  other  substances  to  form  some  more  complex 
>08tituent  of  the  body,  such  as  lecithin.  (4)  According  to  some 
ithors,  it  may  serve  under  certain  conditions  as  a  source  of  sugar, 
l^  latter  suggestion  is  not  supported  by  convincing  experiments. 
^^  final  fate  of  the  fat  in  the  body  is,  however,  to  be  oxidized  to 
*ter  and  carbon  dioxid.    The  nature  of  the  processes  involved 

^t  imderstood.  It  is  generally  believed,  however,  that  the 
^  step  is  the  splitting  of  the  fat  into  fatty  acid  and  glycerin 
'der  the  influence  of  the  lipase  found  in  so  many  of  the  tissues 
the  body.  The  fat  that  lies  in  the  storage  tissues — skin,  peri- 
neum, etc. — does  not  undergo  oxidation  in  these  places.  In 
^«8  of  need  it  is  absorbed  and  distributed  to  the  more  active 
^Ues,  and  in  this  initial  process  of  solution  it  is  probable  that  a 
rulative  influence  is  exerted  by  the  lipase  as  suggested  by  Loeven- 
tt  (see  p.  731).  That  is,  by  its  reversible  action  this  enzyme 
^y  control  the  output  of  fat  to  the  blood,  as  the  supply  of  sugar 
the  blood  is  kept  constant  by  the  diastatic  enzyme  of  the  liver. 
fc«r  the  action  of  the  lipase  we  can  only  say  that  oxidation 
tcs  place,  but  through  how  many  stages  is  not  known.  It  seems 
c>bable  that  the  long  carbon  chain  of  the  fats  (stearic  acid  =  CH3- 
'B,)ieCOOH)  is  deprived  in  succession  of  its  carbon  atoms  by 
idation,  with  the  formation  of  simpler  fatty  acids,  but  little 
titive  evidence  has  been  obtained  of  intermediate  products. 
'I'haps  the  most  significant  fact  known  bearing  upon  this  point 
that  under  conditions  which  involve  a  large  destruction  of  fat 

the  body,  as  in  starvation,  fevers,  and  especially  in  diabetes, 
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^■oxybutyric  acid  together  with  acet4>acetic  acid  and  aoetfl 

excreted  in  the  urine.  These  three  substance  are  designJ 
the  acetone  Indies,  and  their  appearance  in  the  urine  mal 
condition  Itnown  aa  acetonuria.  The  oxybutyric  acid  n 
regarded  as  the  source  of  the  other  two,  as  may  \ye  inferr? 
their  formulas,  ^^oxy butyric  acid  --  CH^CHOHCHXOOi 
oxidation  this  yields  aceto-acetic  acid,  CHjCOCHjCOC*! 
this  by  loss  of  CO^  is  converted  to  acetone,  CH^COC^H^ 
evidence  seems  to  show  that  the  ox>"butyric  acid  arises  ff 
fats,  and  it  represents  probalily  one  of  the  simpler  fatt; 
formed  in  the  intermediate  metabolism  of  the  fats.  T 
some  indication  also  that  the  liver  cells,  along  with  theff  ma 
other  functions,  are  concerned  in  some  of  the  intermedilW 
of  fat  metabolism.  Under  abnormal  conditions,  such  m 
phonis-puisoning,  the  fat  of  the  adipose  tissues  is  tram 
to  the  liver,  and  it  is  suggested  that  this  transix>rtatioii  I 
a  nornial  process,  that  before  the  neutral  fat  is  aciuaUy  a 
or  is  converted  into  the  phnsphoi'us-r<jntaining  fat^  of  the 
(lecithin,  etc.),  it  is  acted  upon  by  the  liver,  possil>ly  in  the 
desatnrating  the  fatty  acids,  since  the  fat  actually  found 
liver  contaiiis  more  unsaturate! I  fatty  acids  than  the 
fat  of  the  adipose  tissues.  Wliate\er  may  be  the  real  na 
the  connection,  both  microscopic  atul  chemical  evidence  in 
that  the  liver  is  concerned  in  some  phase  of  fat  metabolisii 

According  to  the  expcrimi^nta  of  Knoopf  the  oxidation  of  ib«  ill 
beginB  with  the  carhon  occupying  the  hf-ta  ^xjaition.  The  hvdrofcrn  I 
to  this  cnrbon  atom  is  first  attackcHJ,  giving  ri^o  to  tlie  formation  tif  am 
and  thf?n  hy  further  oxidation  to  the  h>SB  of  two  rarbon  r^t.iT>w  Jr^  iJm 
butyric  acid  this  would  result  at  onot*  in  tlie  formation  uiyi 

In  the  cjLse  of  higlior  fati}*  acids  eoniaining  an  even  nuu  rhoi 

8Uch  tut  palmitic,  stearic,  and  oU^ieaeidu,  a  Kimilarproe***  %^uaici  r»«iJ 
ually  in  the  formation,  first,  of  butvTic  acid  and  then  of  the  /^xvbul^ 
The  aeries  of  oxidatiouH  of  caproic  aeid  may  be  represented  a^  folk 


Caproic  »dcL 

C,H,CHOHt;H,(;OQH     ^      tO     ^ 

CH,CHjCH,COOH     4-       O     = 
Btityrie  acid. 


C^ll^CHOHCH^COOH 

Oxyc-Jkproic  Add. 

C,H,rOOH      ^     2H»0 
Butyric  Kcid. 

CHjCHOH*  H/<X»H 

^Hsxybutyiio  »cid. 


Some  of  the  amino-acidB  derivixl  from  the  hydrolysis  of  protei 
example,  may  also  servo  bs  a  source  of  oxyhutyric*  acid,  so  that  in  i 
protein  of  the  food  aa  wel!  as  the  fat  may  be  responsible  for  the  prd 
acid  in  diabetes.  The  inability  of  the  tissues  to  ox:idii#*  s^igar  in 
diabetes  is  assoeiated  in  many  instances  w-ith  a  loas  of  the  jxmrpr  of  «i 
the  ,'^-oxybntjTie  acid,  but  tfie  reason  for  this  relationship  'i»  ont  di»J 
tlie  extent  that  the  ;%oxybutyric  aeid  is  not  burnt  and  not  excTftid,  H 
mutates  in  the  bo<iy  and  produces  a  condition  of  acidoaiM  which,  ** 
IB  responsible  for  the  dovelopmeni  of  iliabetie  ooma, 

*  For  discussion  and  fact«,  nee  Ivcathes,  "  Lancet/'  Feb.  37|; 

t  Knfjop,  "Hofnieialer'a  Beitrage,"  6.  1  *)0,  1904. 

t  Lusk,  "Archives  of  Internal  Medicine/'  Feb,,  1909 
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Origin  of  the  Body  Fat. — The  views  upon  the  origin  of  body 
it  have  undergone  a  number  of  changes  in  the  last  fifty  or  sixty 
ears,  illustrating  in  an  interesting  way  how  development  of  our 
xperimental  methods  leads  often  at  first  to  half-truths  which  are 
oirected  later  by  more  extensive  work.  Dumas  and  others  (1840) 
|eld  to  the  natural  view  that  the  fat  of  the  body  originates  directly 
W)in  the  fat  of  the  food.  Liebig,  applying  his  more  exact  methods, 
lemonstrated  that  in  some  cases  at  least  this  source  is  insufficient 
o  account  for  all  the  fat.  The  fat  yielded  by  the  milk  of  a  cow 
3r  instance,  may  be  greater  in  quantity  than  the  fat  contained 
^  the  food.  He  also  pointed  out  that  the  fat  of  each  species  of 
^inutl  is  more  or  less  peculiar,  the  fat  of  the  sheep  having  a  higher 
siting  point  than  pork  fat,  and  both  differing  in  composition  from 
'  fia,t  taken  as  food.  "In  hay  or  the  other  fodder  of  oxen  no 
f  suet  exists,  and  no  hog's  lard  can  be  found  in  the  potato  refuse 
BIX  to  swine."  He  was  led  to  attribute  the  source  of  body  fat 
jfly  to  the  carbohydrate  food,  and  this  belief  agreed  well  with 
e^cperience  of  agriculturists  as  to  the  use  of  such  foods  in  fatten- 
^xximals  for  market.  This  view,  in  turn,  was  displaced  by  the 
OT'y  of  Voit,  supported  by  elaborate  feeding  experiments.  Voit 
ic"V^cd  that  the  fat  of  the  body  is  formed  mainly  or  entirely  from 
•  I>rx)tein  of  the  food,  the  carbohydrate  and  the  fat  of  the  diet 
i^g  useful  only  to  protect  a  part  of  this  protein  from  oxidation. 
>it*s  experiments  have  been  shown  by  Pfliiger  to  have  been  based 
«D^  erroneous  analyses  of  the  meat  used  in  his  experiments.  Voit 
wxtied  that  in  this  meat  the  ratio  -c"  ^  equal  to  1.34  to  1.37,  while 
"ft^ieer  showed  that  it  is  lower,*  1.33.  The  modem  point  of  view 
9lbat  the  fat  of  the  body  originates  partly  from  the  fat  of  the  food, 
JMticularly  in  camivora,  and  partly  from  the  carbohydrate  of  the 
^<^,  especially  in  herbivora,  in  whose  diet  this  foodstuff  forms 
such  a  large  part.  The  possibility  that  fat  may  also  be  formed 
^Da  protein  food  must  be  accepted  in  accordance  with  what  has 
"^^  described  above  concerning  the  intermediary  metabolism  of 
*"^  protein.  So  far  as  the  amino-acids  formed  from  the  food  pro- 
*^  during  digestion  are  not  reconstructed  into  the  body-protein 
p  the  animal,  they  are  deamidized,  and  the  organic  acid  grouping 
Wt  naay  be  converted  to  sugar  and  glycogen,  hence  probably  also 
*^  fat.  Protein  constitutes  relatively  only  a  small  fraction  of 
•^e  daily  diet,  and  the  modem  point  of  view  is  that  body  fat  is 
^^^nied  in  the  first  instance  from  food  fat  and  food  carbohydrates. 
Origin  of  Body  Fat  from  Food  Fat.— The  first  proofs  that 
^  food  fats  may  be  deposited  as  such  in  the  fat  tissues  of  the 
^^y  were  obtained  by  feeding  foreign  fats  to  dogs  and  demon- 

;o,  *Pfltiger,  "Archiv  f.  die  gesammte  Physiologic,"  51,  229,  1892,  and  77, 
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etrating  that  these  fats  can  afterward  be  recognized  in  ik 
tissues  of  the  animals.*  Linseed  oil,  rape-seed  oil,  and  muttfl&-£i* 
were  used  in  these  experiments.  Secondly,  it  has  been  madt 
probable  b>'  feeding  experiments  that  the  noniial  fat  of  the  food 
undergoes  a  similar  fate.  Thns,  Hofmann  used  a  dog  iit^ighiz^ 
26  kgms.  and  allowed  it  to  stance  until  its  weight  was  redticed  to 
16  kgms.  It  was  then  fed  for  five  days  on  a  little  meat  and  k^e 
quantities  of  fat.  At  the  end  of  that  time  it  w*as  killed  and  analystd. , 
The  body  contained  1353  gms.  of  fat,  of  which  onl3'  131  gjns.  cooll| 
have  come  from  the  protein  used,  assuming  that  this 
can  serve  as  a  fat  fonner;  Much  of  the  fat  founds  therefore,! 
probably  derived  from  the  fat  of  the  food. 

Origin  of  Body  Fat  from  Carbohydrates. — That  the  bwjf, 
fat  may  have  this  origin  has  been  made  probable  or  certast  I 
feeding  experiments.    Thus,  Rubner  fed  a  dog  (5.89  kgms.)  tej 
two  days  on  a  diet  of  sugar»  starch,  and  fat  wiiose  total  cartn>| 
content  was  equal  to  176.6  gms-     During  this  period  the 
excreted  87.1  gms.  of  carbon.     There  were  retained  in  the  1 
therefore,  89.5  gms,  carton.    The  fat  fed,  4.7  gms.,  coot 
(4.7  X  (K77)  3,6  gms.  C.    The  total  nitrogen  excreted  during  \ 
period  was  2,55  gms.,  which  inrlicated  a  metabolism,  thereforej 
16  gms.   (2.55  X  6.25)  of  IkkIv  protein.     Making  the  impr 
assumption  that  all  of  the  carbon  of  this  protein  was  retatDttli 
the  body,  this  would  account  for  8.32  gms.  C  (16  X  0.52);  m\ 
3.6  -j-  8.32  or  12  gms.  C  might  have  originated  from  souras  < 
than  the  carbohydrate  of  the  food,  leaving,  therefore,  89J5  — I 
or  77.5  gm.s,  of  t\  which  could  have  arisen  only  from  the  i 
drate.     This  quantit}-  of  carbon  could  have  been  retaindd  ooljf  i 
glycogen  or  fat.     Allowing  for  the  gi-eatest   possible  stonfe 
glycogen,  78  gms.  or  34.6  gms.  C\  there  would  still  remain  42.9  j 
of  C,  w'hich  could  have  bc^n  retaineil  only  as  fat.     Nimiennis  < 
fattening  experiments  of  difTerent  kinds  have  l)een  made  in  wh^-i* 
it  has  L>cen  shown  that  the  fat  laid  on  by  the  animul  couUl  nol  b^ 
accounted  for  b}^  the  fat  of  the  food,  nor  by  assuming  with  Voii  th*^^ 
it  originated  from  the  protein.     The  combinc'd  testimony  of  thi»*^ 
ex]K'riTnents  have  satisfie*!  physiologists  that  the  ti  n  pr^^ 

duce  fat  from  sugar.     Tlie  chetnistry  of  the  changt  .ud«**- 

stood  and  cannot  be  imitated  in  the  laboratory* 

Sc^vcral  hjTwthescw  have  been  propo«?i>d  fo  explain  the  ctmyfma^^J^ 
bohydmles  tolatH-     One  yf  the  mt>st  recent  t  which  had  in  purl  ihtwofpi^^ 
labiriiti»rj'  \ erifieal ion  has uthps  that  the  proeess  nmy  stitrt  from  PT^J^'^'t 
whose  firi'iirrenre  in  llie  IhmIv  a^  one  f»f  the  products  of  the  miftjW*  *^ 
earbohydnites  is  ver>'  fjrobable.     Thus  lactic  acid  arising  from  sagfttB^f^ 

Mx^HTtleff,   "Ceiitndbhitt   f.  ilie  mt^.   Wias.,"   1881,  and  Muok-  ^^ 
ehowV  Archiv/*  95,  407.  1HH4, 

t  Smedley,  '*Ze«tmlblatt  fur  Physidogie/'  1912,  No.  20. 
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inverted  to  pjmivic  acid  by  oxidation.     From  the  pyruvic  acid  higher  fatty 
cids  may  be  tormed  as  indicated  in  the  following  equations: 
(1)  Condensation  of  an  aldehyde  with  pyruvic  acid, 


RCHO  +  CH,CX)CX)OH  -  RCHOHCH,COCOOH. 

(2)  By  oxidation  this  o-ketonic  acid  is  converted  to  a  /3-oxyacid, 

RCHOHCH,COCOOH  +  O  -  RCHOHCH,COOH  +  CO,, 

imI  horn  this  the  corresponding  fatty  acid, 

RCH,CH,COOH, 
^y  be  formed. 

The  Source  of  Body  Fat  in  Ordinary  Diets. — For  the  pur- 
<>9es  of  demonstration  the  experiments  made  to  prove  the  origin 
f  body  fat  from  carbohydrate  or  the  fat  of  food  have  made  use 
^abnormal  diets  and  conditions.  It  would  be  a  matter  of  practical 
terest  to  ascertain  whether  upon  normal  diets  the  fat  of  the 
dy  arises  more  easily  from  the  fat  or  from  the  carbohydrate  of 
•  food.  While  the  question  is  one  to  which  a  positive  answer 
iiot  be  given,  it  seems  to  be  probable  that  the  result  varies  \\ith 
mixtions  and  the  nature  of  the  animal.  Experience  seems  to 
'^^  that  carnivorous  animals  can  be  fattened  more  easily  on  a 
<iiet,  herbivora  on  a  carbohydrate  diet.  In  animals,  like  our- 
^s^,  there  is  reason  to  believe  that  the  carbohydrates  are  more 
^3^  and  more  quickly  destroyed  in  the  body  than  the  fats,  and 
'  T»  therefore,  the  latter  may  be  more  readily  deposited  in  the  tis- 
'»  although  an  excess  of  carbohydrate  beyond  the  actual  needs 
•^^  body  will  also  be  preserved  in  the  form  of  fat  or  glycogen.* 
*^lie  Cause  of  the  Deposit  of  Body  Fat — Obesity. — Our 
^^K^ence  shows  that  individuals  differ  greatly  in  the  ease  with 
^Vi  they  form  fat.     Some  upon  relatively  small  diets  form  much 

>?vhile  others  remain  thin  in  spite  of  the  ingestion  of  large 
^Vi.nts  of  food.  Voit  has  indicated  the  general  reason  for  this 
^^^nce — namely,  that  it  depends  upon  the  capacity  of  the 
^^  to  destroy  food  material.  When  food  is  supplied  and 
*^^bed  in  excess  of  this  capacity  the  excess  is  stored  to  a  small 
-^^^t  as  glycogen,  but  chiefly  as  body-fat.  As  stated  above,  this 
^*s  true,  especially  for  fat  and  carbohydrate  foods,  which,  speak- 
S  S^nerally,  are  the  variable  parts  of  our  diet.  A  diet  which  will 
^^  such  an  excess  to  one  individual,  may  in  the  body  of  another 
.  ^He  same  weight  be  all  consumed.  The  oxidizing  or  metab- 
^^xxg  capacity  of  the  body  differs  in  different  individuals  and 
^nxe  will  lay  on  fat  more  readily  than  others,  because  for  them 
^  ^Xcess  of  material  is  provided  by  a  relatively  small  diet.  Fun- 
*^ental  differences  of  this  character  in  the  properties  of  the 

*  Consult  Rosenfeld,  "Ergebnisse  der  PhyBiologie,"  vol.  i.,  part  i,  1902. 
^*^Plete  literature. 


900 


NUTRITION    AND    HEAT    REGULATION. 


I 


protoplasm  are  frequently  traiisniittecl  by  heredity  through  mmr 
generations.     Those  individuals  who  fihow  little  tendency  tolat 
on  fat  ma}"  be  made  to  do  so  l>y  hirgely  increasing  the  anumniof 
fat  or  ciirbohv  drate  food,  or  moi-e  certainly  by  altering  the  iwod? 
of  life.     A  sedentar}'  life,  absence  of  worry,  etc.,  may  lead  U^ » 
tendency  of  this  kind,  while  a  very  active  muscular  life  lias  liw 
oi>posite  effect.     Men  who  lead  a  very  muscular  life^-fufiner?. 
fishermen,  ete. — are  rarely  disposed  to  accumulate  fat  to  a  notice 
able  degree.     So  al>so  the  use  of  alcoholic  beverages  may  indirectly 
favor  accumulation  of  fat,  partly  bet*auBe  the  oxidation  of  ibe 
aleoht)!  protects  the  fats  and  carbohydrates  from  oxidaticiii,  and 
I  partly  also,  perhap.s,  liecause  long-continued  use  of  alcohol  ifl^y 
[depress  the  oxidizing  capacity  of  the  tissues.     The  tendency  t« 
form  fat  may  exhibit  itself  in  s<jme  cases  to  such  an  extent »» tocOB» 
stitute  an  almost  pathological  condition.     Obesity,  ao  f ar  as  It 
not  due  to  some  organic  lesion,  such  as  a  deficiency  of  the 
lobe  of  the  lij-popliysis  (p.  865),  may  be  counteracted  by 
the  mode  of  life,  especially  Ijy  taking  much  muscular  exercise,  md 
by  reducing  the  diet,  so  that  the  total  amount  of  calories  teff^ 
sente<!  do  not  exceed  one-half  to  three-fifths  that  recotgniied 
usual  average  (see  p.  \H9).     The  diet  for  such  purposes 
not  only  be  retluced  in  amount,  but  should  Ive  as  free  as 
from  ejccess  of  fats  and  carlKjhyth-at^^s,  consistmg  of  such  mateml 
aa  eggs,  fish,  lean  meat^  salads,  fruits,  etc* 

Summary  of  the  General  Functions  of  Fat. — The  gsaeai 
fimctions  fulfilled  liy  tlie  fats  may  be  summarized  briefly  nadir 
the  following  heads:   (I)  It  provides  a  store  of  reserve  food  wbids 
is  used  by  the  body  in  case  of  deficiency  of  food  or  complete  sxam^ 
tion.    The  fattening  of  hibernating  animals  before  their  winter 
sleep  and  the  humps  of  the  camel  give  conspicuous  examples  of  this 
peculiarity.     (2)  By  its  oxidation  in  the  body  it  fumiahes  a  put— ^ 
of  the  heat  energj^  necessary  to  maintain  the  body  tempemtui^- 
On  account  of  its  high  combustion  e(:]iiivalent  (1  gm,  of  £aty 
9.3  Calories)  fat  is  ver>'  effective  in  this  respect.     Inhabi 
of  cold  regions  choose  a  diet  rich  in  fat,     (3)  It  Is  a  protein 
Like  the  carbohydrate  food^  its  oxidation  protet-t*  the  pi 
consumption.     In   starvation,    therefore,    the   amount   of 
destroyed  daily  is  smaller  as  long  as  any  fat  remains,  and, 
ordinary'  conditions  of  life,  the  larger  the  amount  of  fat  in  tbe 
the  less  the  amount  of  protein  necessar\^  to  maintain  the  hot^y 
in  nitrogen  ec^uilibrium.     Experiment's  show  that  in  this  mf«c* 
the  fat  is  not  so  eHective  as  an  equivalent  amount  of  carhohf<fr*^ 
food.    The  difference  is  referal)le  to  the  greater  diffi<'U^>   '^ 
oxidation  of  the  fatty  material. 

♦  For  pnit'tioal  dirfctioiis  concerniag  the  treatment  of  obcstty  by  •fi'*^ 
»e^  GautiiT,  **  L'filiineQlalion  et  les  rt'gimei*/'  Paris,  1904. 


CHAPTER  XLIX. 

[JTEanVE  VALUE  OF  THE  INORGANIC  SALTS  AND 
THE  ACCESSORY  ARTICLES  OF  DIET. 

The  Inorganic  Salts. — ^The  body  contains  in  its  tissues  and 
uids  a  considerable  amount  of  inoiganic  material.  When  any 
an  is  incinerated  this  material  remains  as  the  ash.  If  we  in- 
de  the  bones,  which  are  rich  in  mineral  matter,  the  average 
>xuit  of  ash  in  the  body  amounts  to  about  4.3  to  4.4  per  cent. 
"te  weight.  The  bones,  however,  in  the  adult  contain  most  of 
ash  (five-sixths).  In  the  soft  tissues,  like  the  muscle,  the  ash 
3t;itutes  about  0.6  to  0.8  per  cent,  of  the  moist  weight.  The 
C5onsists  of  chlorids,  phosphates,  sulphates,  carbonates,  fluorids, 
silicates  of  potassium,  sodium,  calcium,  magnesium,  and  iron; 
■x  occurs  also,  especially  in  the  thyroid  tissues.  In  the  liquids 
t^e  body  the  main  salts  are  sodium  chlorid,  sodium  carbonate, 
^Jm  phosphate,  potassium  and  calcium  chlorid  or  phosphate, 
considering  the  organic  foodstuffs  weight  was  laid  upon  their 
^^  as  sources  of  energy,  as  well  as  upon  their  function  in  con- 
^ting  tissue.  The  salts  have  no  importance  from  the  former 
^point.  Whatever  chemical  changes  they  undergo  are  not 
^ded  by  any  liberation  of  heat  energy — none  at  least  of  suffi- 
^  importance  to  be  considered.  They  have,  however,  most 
^liiant  functions.  They  maintain  a  normal  composition  and 
^tic  pressure  in  the  liquids  and  tissues  of  the  body,  and  by 
*^  of  their  osmotic  pressure  they  play  an  important  part  in 
^^Uing  the  flow  of  water  to  and  from  the  tissues.  Moreover, 
^  Salts  constitute  an  essential  part  of  the  composition  of  living 
^r.  In  some  way  they  are  bound  up  in  the  structure  of  the 
"-S  molecule  and  are  necessary  to  its  normal  reactions  or  irrita- 
y-  Even  the  proteins  of  the  body  liquids  contain  definite 
*^nts  of  ash,  and  if  this  ash  is  removed  their  properties  are 
^visly  altered,  as  is  shown  by  the  fact  that  ash-free  native  pro- 
^  lose  their  property  of  coagulation  by  heat.  The  globulins 
precipitated  from  their  solutions  when  the  salts  are  removed. 
'  special  importance  of  the  calcium  salts  in  the  coagulation  of 
•^  and  the  curdling  of  milk  has  l)een  referred  to,  as  also  the 
^liar  part  played  by  the  calcium,  potassium,  and  sodium  salts 
^e  rhythmical  contractions  of  heart  muscle,  the  irritability 
^Uscular  and  nervous  tissues,  and  the  permeability  of  the 
Hillary  walls  and  other  membranes.    The  special  importance  of 
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been  fed  (Forster)  upon  a  diet  composed  of  ash-free  £| 
hydrates,  and  meats  which  had  been  extracted  wit 
the  salts  had  been  much  reduced.  The  animals  were 
condition  at  the  end  of  26  to  36  days.  It  is  probi 
would  have  Mved  longer  if  depri%'ed  of  food  entirely,^ 
tion  of  water,  since  the  metaboli.sm  of  the  abundant 
aided  in  increasing  tlie  loss  of  sjilts  from  the  bodj 
described  experiments  wliich  indicate  that  some  M 
salts  must  be  provided  for  us  in  organic  combinatioi 
found  in  plant  and  animal  foods.  In  his  exf^erino 
that  mice  Uvcd  well  on  a  diet  of  dried  cows'  milk.  U 
on  a  diet  containing  the  organic  but  ash-free  constiti 
— namely,  sugar,  fat,  and  Ciisein, — ^together  with 
salts  of  cows'  milk,  they  died  in  20  to  30  days. 

The  Special  Importance  of  Sodium  Chloridy  i 
Iron  Salts,— Sodium  chlorid  occupies  a  peculiar  p 
the  iiiorganic  constituents  of  our  diet,  in  that  it  la 
wliich  we  deliberately  add  to  our  food.  The  ot 
material  is  taken  imconsciously  in  our  diet,  but  alt 
chlorid  exists  also  in  our  food  in  relatively  large 
purposely  add  more.  It  is  estimated  that  the  bx^ 
gestt5  from  10  to  20  gms.  a  day.  This  amount  seemsl 
nf  the  livtuid  necessities  of  tlie  body,  since  on  expel 
individuals  have  been  kept  in  good  condition  w| 
content  in  sodium  chlorid  was  reduced  to  one  (3 
This  desire  for  salt  is  exhibited  also  by  many  | 
farmer  provides  salt  for  his  stock  and  wild  animals 
licks  at  intervals.  Bunge  has  called  attention  to 
among  men  and  animals  the  desire  for  salt  is  limited 
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explanation  for  this  relation.     Most  vegetables  contain  a  large 
^onnt  of  potassium  salts,  and  in  the  blood  these  salts  react  with 
the  sodium  chlorid.    Thus,  if  potassium  sulphate  were  added  to 
tte  blood  it  would  react  with  sodium  chlorid,  giving  some  potas- 
sium chlorid  and  some  sodium  sulphate.   Both  of  these  salts  will 
be  removed  by  the  kidneys,  since,  except  in  minute  amounts,  they 
^>^,    so  to  speak,  foreign  to  the  blood.     This  latter  liquid  will 
thereby  lose  some  of  its  supply  of  sodium  salt,  whence  the  craving 
for  more  in  the  food.*     K6ppe,t  on  the  contrary,  emphasizes  the 
fact   that  while  vegetable  foods  have  much  ash,  most  of  it  is  in 
org&nic  combination  and  not  in  diffusible  form.     Vegetable  food 
conta^ins  but  little  salt  in  soluble  form  as  compared  with  animal 
roocis,   hence  the  necessity  of  adding  sodium  chlorid.     The  con- 
tent of  the  blood  in  sodium  chlorid  remains  remarkably  constant. 
W'hen  an  excess  is  taken  in  the  food  it  is  removed  by  the  kidneys. 
^  ^  Salt-free  diet  or  in  starvation  the  amount  of  sodium  chlorid 
'©creted  in  the  urine  soon  falls  to  a  low  figure  (0.6  gm.),  showing 
tha"t  the  tissues  are  holding  on  to  this  constituent.     It  cannot  be 
ioubted,  however,  that  under  ordinary  conditions  we  use  salt  in 
q\ia>ntities  much  larger  than  is  necessary  to  maintain  the  sodium 
chlori^j  content  of  the  blood.     It  is  employed  as  a  condiment  for 
its  pleasant  flavor,  and  it  is  possible  that  its  use  is  often  carried 
^  ^^ccess.     It  can  be  shown,  in  fact,  that  by  increasing  the  intake 
>i  s^t  an  edematous  condition  of  the  tissues  may   be  produced, 
^^'^^g  to  the  fact  that  the  salt  increases  the  osmotic  pressure  in 
^e  tiissues.   So  also  in  conditions  of  edema  or  inflammation  restric- 
'lon  of  ^jjg  gj^i^  Qf  ^]^Q  ^Iq^  jnay  give  the  contrary  result  and  help  to 
"^^^^^i^  the  tissues  to  a  normal  state  as  regards  their  water  contents. 
^he  calcium  salts  of  the  body  play  a  most  important  role  in 
JJJ^^^^ction  with  the  irritability  of  muscle  and  nerve  (p.  561). 
k^^  are  also  of  obvious  importance  in  furnishing  material  for 
^^  growth  of  the  skeleton.     Their  importance  in  this  regard  has 
^^  demonstrated  by  feeding  experiments.     Young  dogs  when 
?^^  a  diet  poor  in  calcium  salts  fall  into  a  condition  resembling 
^^*^^t8  in  children,  owing  to  a  deficient  growth  of  the  bones.     Pig- 
^[[^  also,  when  fed  upon  a  similar  diet,  exhibit  an  atrophy  and 
^Kility  of  the  bones  due  doubtless  to  the  lack  of  calcium  salts. 
~  ^  the  case  of  the  other  food  materials,  there  must  be  a  definite 
^^inm  metabolism  in  the  body.    It  is  probable,  indeed  certain, 
^^  most  of  the  calcium  salts  ingested  simply  pass  through  the 
°^y  without  entering  into  its  structure.    They  are  eliminated 
^i^^hanged  or  imused  in  the  feces  or  urine.    A  small  portion,  how- 
®^^^^,  must  be  absorbed  and  used  and  a  corresponding  amount  must 

I  *  For  an  interesting  discussion,  see  Hiinge,  ''Physiologie  des  Menschen," 
^°^-  ii.,  p.  103,  1901. 

t  Quoted  from  Alba  and  Neuburg. 
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fcdstory  of  the  metabolism  of  iron  in  the  body  is  surrounded  by 
mich  uncertainty.  After  absorption  its  synthesis  to  hemoglobin 
t^akes  place,  as  to  its  final  stages,  in  the  red  marrow,  but  it  is  possible 
iliat  other  organs  may  take  part  in  the  formation  of  intermediate 
>roducts.  As  regards  its  elimination,  we  know  that  the  breaking 
io-wn  of  the  hemoglobin  (forpiation  of  bile  pigments)  occurs  prob- 
ibly  in  the  liver,  but  the  final  excretion  of  the  iron  takes  place 
aaainly  through  the  walls  of  the  intestine. 

Accessory  Articles  of  Diet. — Under  this  general  term  we  may 
■nclude  all  those  bodies  classed  as  condiments,  fiavorsy  and  stimu- 
atUs,  which  we  habitually  take  in  our  diet  in  order  to  enhance  the 
attractiveness  of  the  food.  These  substances  may  or  may  not 
^ave  some  heat  value  to  the  body — that  is,  they  may  undergo 
oxidation  with  the  liberation  of  heat  energy;  but,  in  general,  their 
•^alue  in  nutrition  is  due  to  other  properties. 

7^he  Flavors  and  Condiments, — Perhaps  the  most  important 
pfluence  exerted  by  these  bodies  is  that  by  making  the  food  appe- 
^^itx^  they  increase  the  secretion  of  gastric  juice.  The  origin  of 
^^  so-called  psychical  secretion  has  been  described  (p.  762),  and 
len^  can  be  little  doubt  that  the  palatableness  of  food  influences 
■^tily  the  facility  with  which  its  gastric  digestion  is  accomplished. 

^^  said,  in  fact,  that  dogs  will  refuse  to  eat  food  that  has  been 
P*iTed  entirely  of  its  sapidity  and  flavor,  preferring  rather  to 
^'"'Vc  Some  of  these  substances  (pepper),  as  also  the  stimulants 
^J^^lol),  may  have  an  additional  value  in  that  they  increase  the 
^^^iity  of  absorption  from  the  stomach.  Gautier  divides  the 
^^iments  into  the  following  classes:  (1)  Aromniics,  comprising 
^^Xla,  anise,  cinnamon,  nutmeg,  and  other  similar  essential  oils. 
IPeppers.  (3)  The  alliaceous  condiments, — garlic,  mustard, 
(4)  The  acid  condiments, — vinegar,  citron,  pickles,  etc.  (5) 
^    ^^alty  condiments,  such  as  table  salt.     (6)  The  sugar  condiments. 

^*A€  Stimulants. — ^Under  this  head  we  include  alcohol,  tea,  coffee, 
^^^^Dlate,  or  cocoa.^and  meat  extracts  (beef  tea,  etc.).  Regarding 
'  X«wt  mentioned^substance,  its  physiological  vahie  has  been  made 
^^^  by  the  work  of  Pawlow  (p.  760).  Meat  extracts  of  various 
^*^i^  contain  sec):^togogues  which  stimulate  the  gastric  glands  to 
^^^'^'^^tion.  In  themselves  they  may  contain  very  little  actual 
^^^i^tuff.  Liebig^e  extract  contains  some  protein,  gelatin,  and  gly- 
^8^^,  which  form  an  actual  nourishment,  but  its  specific  value 
*  ^  gastric  stimulant  depends  upon  other  constituents,  possibly  the 
n^i^X^genous  extractives, — creatin,  xanthin,  camin,  etc.  Coffee 
^*  tea  owe  their  well-known  stimulating  action  to  the  presence 
M  *ix  alkaloid,  caffein  or  trimethyl-xanthin.  It  may  be  considered 
^  ^canthin  in  which  three  of  the  hydrogen  atoms  have  been  re- 
placed by  methyl  (CH3)  groups,  as  is  indicated  in  the  following 
•^ctural  formulas: 
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This  alkaloid  has  a  diuretic  action  on  the  kidneys  and  a  sti 
effect  on  the  nerve  centers,  as  is  illustrated  by  its  effect  in  rtiing 
blood-pressure  by  an  action  on  the  vasoconstrictor  center.  Tte 
influence  of  tea  and  coffee  in  preventing  sleepiness  may  Ije  ztfymi 
to  this  action  on  blood-pressure.    The  use  of  these  substaocOy 
according  to  general  experience,  augments  muscidar  enetff  ind 
diminishes  the  sense  of  fatigue.    Cocoa,  or  the   chocolate  wiM 
from  it  by  the  addition  of  sugar,  contains  consideralile  nourisb- 
raent  in  the  form  of  fats,  carbohydrates,  and  proteins,  but  its  stmw- 
latiiig  effect  b   referred  to  the  alkaloid  thenlironiin  or  dimethvf- 
xanthin,  and  to  some  extent  pos.sibly  to  the  essential  oils  devclt)pe*i 
in  rofLsting.     The  theobromin  exerts  stimulating  effects  similar  U> 
those  of  the  caff e in,  and  experiments  indicate  that  in  moder»t«^ 
doses  of  frotu  20  to  30  gi*aius  per  day  cocoa  has  no  perc<*ptilfl»* 
injurious  effect.     The   inethylxanthins   are  in   part   oxidiwd  «» 
the  body  and  in  part  (orie-third)  excreted  in  the  urine. 

Alcohol — ^The  physiological  effects  of  alcohol  are  of  peniBiT' 
interest  to  mankind,  owing  to  its  widespread  uae,  and  esp&ciiJir 
to  the  disastrous  results  following  its  intemperate  consumpdoft- 
Those  who  employ  it  in  excess  are  in  danger  of  acquiring  an  iko-' 
holic  thirst  or  habit  toward  which  the  body  possesses  no  oounlcr^ 
acting  regulation.    When  food  is  eaten  in  excess  we  expmone^i 
feeling  of  satiety  which  destroys  the  desire  for  more  food,  \ 
same  regulation  prevails  in  the  case  of  water.     With 
drinks,  ho%vever,  the  desire  may  continue  long  after  the 
taken  has  begim  to  exert  an  injurious  action  upon  the  ll^?uc» 
The  evil  effects  of  excessive  use  of  alcohol  arc  so  continually  dewaa^ 
strateil  upon  man  that  there  is  no  need  for  exfx^rimental  invtiti-^ 
gations  to  establish  this  fact*     Pathological  examination  of  tJi^ 
tissues  in  the  case  of  confirmed  drunkards  has  demonstmted  ik^ 
existence  of  definite  lesions  in  many  of  the  organs, — stomiA- 
Ever,  heart,  nervous  system, — ^and  have  shown  that  under  \ia^ 
conditions  it  acts  as  a  tissue  poison,*     ^Fhis  result  is  cxhihiliri 
not  only  in  cases  of  chronic  alcoholism  in  which  those  1 
have  developed  gradually,  but  also  in  cases  of  acute 
resulting  from  excessive  doses.     On  the  other  hand,  it  is  faw** 
that  many  individuals  use  alcoiiol  in  moderate  doses  thnw|M* 
life  witli  no  noticeably  evil  result,  but,  on  the  contrary,  with  poii^J^ 

♦See  Wdch,  '^Tke  Pathological  Effects  of  iUoohol/*  in  ^'Pbywiiop^  j 
Aspects  of  the  Liquor  Problem,  *'  vol.  ii,,  1903. 
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Jnefit,  particularly  in  advanced  life.  The  matter  of  practical 
iportance  and  interest  is  to  determine  the  physiological  rdle  of 
oderate  doses  of  alcohol.  Does  it  serve  a  useful  purpose,  acting 
a  food  or  stimulant,  or  is  it  a  poison  in  all  doses  to  a  greater  or 
8  extent  ?  The  literature  upon  the  subject  is  very  large  and 
many  respects  conflicting.  Only  a  brief  summary  can  be 
empted  here.  Regarding  its  stimulating  action  the  general 
)erience  of  mankind  attributes  a  result  of  this  kind  to  its  use 
small  quantities,  but  the  experimental  evidence  is  of  an  uncer- 
1  nature.  Some  observers  have  claimed  that  the  reaction 
e  is  diminished  after  the  use  of  alcohol,  but  most  of  the  recent 
estigation  goes  to  show  that  in  the  work  of  skilled  labor,  in 
ich  the  neuromuscular  machinery  is  involved,  alcohol  even 
anaall  quantities  decreases  the  efficiency.*  It  has  been  sug- 
ted,  therefore,  that  as  regards  the  higher  nerve  centers  it  acts 
oa  the  beginning  as  a  narcotic  or  paralysant  to  the  inhibitory 
texs.  By  thus  removing  inhibitory  control  there  is  an  apparent 
rease  in  activity  which  is  not  due  to  a  direct  stimulating  effect, 
other  mechanisms  different  results  are  reported.  Thus  it  is 
ted  that  the  secretion  of  the  gastric  and  of  the  pancreatic  juice 
it^arkedly  increased  by  the  use  of  alcohol  in  small  doses,  so  far, 
least,  as  the  water  secretion  is  concerned.  The  content  of  the 
T^ion  in  digestive  ferments  seems  to  be  diminished.  On  the 
a*^  and  blood-vessels  alcohol  in  small  quantities  appears  to  have 
positive  effect  of  a  stimulating  character.  It  is  known  that 
^  in  small  doses  it  causes  a  dilatation  of  the  skin  vessels,  giving 
feeling  of  warmth  and  leading  to  increased  loss  of  heat;  but 
^her  this  effect  is  due  to  a  stimulation  of  the  vasodilator  centers 
as  seems  more  probable,  to  a  narcotic  or  depressing  action 
^^  the  vasoconstrictor  centers  has  not  been  definitely  demon- 
*t^.  The  experience  of  explorers  bears  out  the  general  view 
^^  Under  conditions  of  stress  and  of  maintained  exertion  alcohol 
*^  little  value  as  a  stimulant  to  the  neuromuscular  apparatus, 
^^tiever  action  it  has  in  this  direction  is  temporar\\  After  the 
^  Q  work  is  done,  however,  or  in  conditions  of  mental  depression 
^se  of  alcohol  may  remove  the  sense  of  fatigue  and  exhaustion 
'  lead  to  a  sense  of  well-being.  The  most  important  work  of 
But  years  has  been  directed  toward  determining  the  nutritive 
^^  of  alcohol.  Does  it  function  under  any  circumstances  as  a 
^^    Much  depends  in  such  a  discussion  upon  the  meaning  of 

*  terms  used.     In  the  present  brief  statement  it  is  to  be  under- 
^^  that  by  food  is   meant  material  which  can  be  oxidized  in 

*  body  with  the  production  of  usable  energy,  but  without  in- 

*  For  literature  and  discussion,  see  Abel,  "The  Pharmacological  Action  of 
^^bol,"  in  **Pliysiological  Aspects  of  the  Liquor  Problem,"  vol.  ii.,  1903; 
^  Hopsley  and  Sturge,  "Alcohol  and  the  Human  Body, "  1907. 
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jurious  effect  ujwn  the  tissues,  and  moreover  a  mat 
consumption  protects  some  of  the  other  foodstuffs- 
hydrates,  and  protein^from  destruction.  In  the  first  pke( 
is  no  doubt  that  alcohol  is  oxidized  in  the  body.  Various  ol 
estimate  that  as  much  as  90  to  98  per  cent,  of  the  alcohol  &I 
is  destroyed.*  Since  1  gm.  of  alcohol,  when  burnt,  jields  7 
of  heat,  it  is  evident  that  its  oxidation  in  the  body  must 
large  supply  of  heat  energ\*.  The  question  arises  wheti 
oxidation  of  the  alcohol  o<*curs  in  addition  to  the  normal 
olism  of  the  protein  and  non-protein  foodstuffs,  or  whether 
tects  and  takes  the  place  of  tl^ese  foodstuffs.  With  re^^ 
non-pi"oteins  a  number  of  observers  have  attempted  to  del 
the  point  by  ascertaining  the  total  carbon  excretion  dm 
alcohol  period.  If  the  usual  amount  of  material  Is  burnt,  i 
alcohol  in  addition,  it  is  evident  that  the  carbon  excretion  sh 
markedly  incrcasetl.  Most  observei's,  however »  tind  that 
mains  practically  the  same.  Such  results  as  the  f<»llt»\^in! 
been  obtained: 


!*,»««».  „«  J  n^^A^ii^f  J  Alcohol-free  days. .   251.©  em- 

Atwater  and  Benedict |  ^j^^j^^j days. ... ..   238,5     " 


«.r 


—  13.4     '* 

■D .  ^^  f  Alcohol-free  days . .  21 2,58  gnw.  ^uhm 

■^J®™ ' '  t  Alcohol  d&yE. .....  220.84     *' 

-f  S,26 
rt,       ..  J  AlcohoHree  days.  .214.83  gms.  cArboi 

^^^P^^^ - 1  Alcohol  dajns. . .  _  .^.87     ** 

These  results  indicate  that  the  alcohol  is  used  by  the  body  n 
of  the  other  carbon-containing  foodstuffs,  and  this  conclu 
corroborated  by  experiments  reported  by  Atw^ater  and  B 
in  which  the  total  enericy  given  off  from  the  body  a^  he 
measuretl  in  a  respiration  calorimeter.  The  average  of  ll 
periments  gave  for  the  alcohol  days  2752  calories  and  for  tl 
hol-free  days  2723  calories. 

Theoretically  if  the  alcohol  takes  the  place  of  the  other  mat( 
amoimt  of  carbon  dioxid  excreted    should    be  diminished,      thie 
alcohol  when  oxidized  furnishes  as  much  heat  as  1,7  grnis.  of  sug^ir  of' 
of  fat.     But  1  gm.  of  alcohol  when  burnt  yields  only  1.91  gm^.  of  O 
IJ  gms.  of  sugar  yield  2.77  gms.  COj,  and  0.75  gtn,  of  fat,  2.13  itm* 
If  fat  were  replaced  by  the  aleohol  the  amount  of  COi  slimiici  ^ 
about  10  j>cr  cent.,  while  if  the  sugar  were  replaced  the  r 
amount  to  31  i>er  cent.     That  Mjrh  a  reduction  is  not  act 
explained  by  tne  fact  that  the  alcohol  leads  to  more  miisiuuii  atui 
a  greater  loss  of  lieat  from  the  congested  skiti,  thus  Indtrectly  AOgl 
the  oxidations  of  the  body. 

To  determine  whether  the  combustion  of  the  alcoi  p  .  ^ 
protein  material  from  metabolism  to  the  same  extent  as  is  di 

*8ee  AtwatFT  and  Bf-nodid,  Bulletin  69,  Umtixl  States  Deptft^ 
Agriculturt\  1SS9;  ali^o  Memotrbi  of  Ihc  National  Academy  o^  8ci*WMit 
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arbohydrates  and  fats,  experiments  have  been  made  in  which  the 
ndividual  was  brought  into  nitrogen  equilibrium  on  a  mixed  diet. 
rhen  for  a  given  period  a  portion  of  the  carbohydrate  was  omitted 
and  alcohol  in  isodynamic  amounts  was  substituted.  The  result 
was  an  increase  in  the  nitrogen  excretion,  showing  that  the  alcohol 
did  not  protect  fully  the  protein  tissue.  In  a  third  period  the 
first  diet  was  resumed,  and  after  nitrogen  equilibrium  had  again 
been  established  the  same  proportion  of  carbohydrate  was  omitted 
&om  the  diet,  but  this  time  alcohol  was  not  substituted.  If  the 
fct  was  poor  in  protein  it  was  found  that  less  protein  was  lost  from 
i^  body  when  the  alcohol  was  omitted  than  when  it  was  used, 
fettce  alcohol  not  only  did  not  take  the  place  of  the  carbohydrate 
tt  protecting  the  protein,  but  it  actually  caused  an  increased  pro- 
ein  consumption.*  Other  observers  (Neumann,  Rosemann  f)  have 
3uacl  that,  although  the  effect  just  described  may  occur  in  the  first 
Bw  days,  yet  if  the  alcohol  diet  is  maintained  the  injurious  effect 
xercised  by  it  disappears,  the  body  ceases  to  lose  its  protein  tissue, 
kud  may  even  lay  on  protein.  These  results,  taken  with  those 
liven  above,  indicate,  therefore,  that  the  alcohol  may  actually 
'ftke  the  place  physiologically  of  fat  or  carbohydrates  as  a  source 
)|  energy  and  as  a  protector  of  protein  metabolism.  J  Under  these 
rfrcuinstances,  therefore,  it  acts  as  a  true  foodstuff.  It  is  perhaps 
scarcely  necessary  to  emphasize  the  fact  that  this  scientific  con- 
clusion does  not  mean  that  alcohol  can  be  regarded  as  a  prac- 
tical food.  Its  expensiveness,  its  dangers  when  the  dose  is  too 
l^^ge,  etc.,  prevent  us  from  regarding  it  in  this  light.  As  Rosemann 
Wiys,  however,  it  is  possible  that  on  account  of  its  ready  absorption 
^^  palatableness  it  may  form  a  useful  substitute  for  the  solid, 
wm-nitrogenous  foodstuffs  in  sickness.  This  suggestion  seems 
^  be  supported  by  many  reports  of  cases  in  which  alcohol  has  served 
■8  the  sole  or  main  nutriment  during  the  critical  periods  of  fevers 
■^d  in  other  conditions,  but  it  needs  to  be  tested  more  carefully  by 
™ect  experiments  before  it  can  be  accepted  generally  for  prac- 
tical purposes.  In  line  with  this  suggestion  there  are  some 
"^Its  upon  diabetic  patients  (Benedict  and  Torok)  which  indi- 
^te  that  in  this  condition  alcohol  used  as  a  food  diminishes  the 
P'^uction  of  acetone  bodies  and  protects  the  protein. 

•  See  Miura,  "Zeitschrift  fttr  klin,  Medicin,"  20, 1892. 

t  See  Rosemann,  "Archiv  f.  die  gesammte  Physiologie  "  86,  307, 1901,  and 
J''0,348j  1903,  for  diflcussion  and  literature.  Also  "Handbuch  d.  Biochemie," 
^  413  1911. 

o.  tSee  also  At  water  and  Benedict,  "Memoirs  of  National  Academy  of 
^piences,"  1902;  and  Atwater,  "The  Nutritive  Value  of  Alcohol,"  in  "Physi- 
^^■^^cal  Aspects  of  the  Liquor  Problem,"  vol.  ii.,  1903. 


CHAPTER  L. 


EFFECT  OF  HUSCULAR  WORK  AND  TF3BIPERATUEE  < 
BODY  METABOLISM— HEAT  ENERGY  OF 
FOODS^DIETETICS. 


The  Effect  of  Muscular  Work. — It  is  a  matter  of 

knowledge  that  muscular  exercise  increases  the  food  oomoaiei^ 
and  scientific  experiments  have  shown  that  it  greatly  aopoeiil^ 
the  consumption  of   material   in   the  body-     Physiologistfi  hiTr- 
attempted  to  determine  which  of  our  energ>*-yielding  foodstyfi^ 
is  directly  affected  by  muscular  activity.    A  brief  statemait  dT 
the  development  of  our  knowledge  upon  this  point  will  make  cfcar^ 
our  present  theories.     Accortling  to  Liebig,  oiu*  foo<is  fulfill  t^n^ 
general  purpases  in  the  l>ody :  they  are  burnt  to  supply  heat,  itspira— 
tory  foods — fats,  and  carbohydrates,  or  they  are  used  to  coostiuc^ 
tissue,   plastic   foods — proteins.     It   seemed   to   follow,   from  thi^- 
generalization,  that  muscular  tissue  in  activity  should  use  piot«» 
material,  and  it  was  Ijelieved  at  that  time  that  the  metabobca  of 
protein  furnished  the  source  of  muscular  energ^%    That  it  is  oofc 
the  sole  source  was  demonstrated  by  the  interesting  experiments 
of  Fick  ami  Wislicenus.     These  physiologists  ascended  the  F>iil-^ 
horn  to  a  height  of  1956  meters.     Knowing  the  weight  of  hisbody^^ 
each  could  estimate  how  much  work  was  done  in  asoenctiiig  i 
a  height,     Fick^s  weight,  for  example,  was  66  kilograms; 
in  chmbing  the  mountain  he  performed  66X1956=129.096  kil^-^ 
grarameters  of  w^ork.     In  addition,  the  work  of  the  heart  aad  tk^ 
respiratory  muscles,  which  could  not  be  determined  accuraUir  ^ 
was  estimated  at  -30,000  kilogrammeters.    There  was.  i»oi«oitr'» 
a  certain   amount  of  muscular    work  performed  in  the  luav&r 
ments  of  the  arms  and  in  walking  upon  level  ground  thai  iP* 
omitted  entirely   from   their  calculations.     For  seventeen  boiix^ 
before  the  ascent,  during  the  climb  of  eight  hours,  azkd  far  «i^ 
hours  afterward  their  food  was  entirely  non-nitrogenous,  so  tkft* 
the  urea  eliminated  came  entirely  from  the  protein  of  the  hoif^^ 
Nevertheless,  when  the  urine  was  collected  and  the  urea  estinalfti  | 
it  was  found  that  the  energy  contained  in  the  protein  destn^jwi 
reckoned  as  heat  ene^g>^  was  entirely  insufficient  to  acfoimt  wr 
the  work  done.     Although  later  estimates  would  modify  Runetfa*^ 
the  actual  figures  of  their  calculation,  the  margin  was  j 
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e  experiment  has  been  accepted  as  showing  conclusively  that  the 
tal  energy  of  muscular  work  does  not  come  necessarily  from  the 
idation  of  protein.  Later  experiments  made  by  Voit  upon  a 
•g  working  in  a  tread-wheel  and  upon  a  man  performing  work 
liJe  in  the  respiratory  chamber  gave  the  surprising  result  that 
t  only  may  the  energy  of  muscular  work  be  far  greater  than  the 
it  energy  of  the  protein  simultaneously  oxidized,  but  that  the 
formance  of  muscular  work  within  certain  limits  does  not 
ct;  at  all  the  amount  of  protein  metabolized  in  the  body,  since 
output  of  urea  is  the  same  on  working  days  as  during  days  of 
Careful  experiments  by  an  English  physiologist,  Parkes,  made 
tx  soldiers,  while  resting  and  after  performing  long  marches, 
>vcd  also  that  there  is  no  distinct  increase  in  the  secretion  of  urea 
tr  muscular  exercise.  It  followed  from  these  latter  experiments 
»  Liebig's  theory  as  to  the  source  of  the  energy  of  muscular 
Ic  is  incorrect,  and  that  the  increase  in  the  oxidations  in  the 
y,  which  undoubtedly  occurs  during  muscular  activity,  must  affect 
^  the  non-protein  material — that  is,  the  fats  and  carbohydrates. 
3«quently  the  question  was  reopened  by  experiments  made 
Bi*  Pfliiger  by  Argutinsky.*  In  these  experiments  the  total 
^^n  excreted  was  determined  with  especial  care  in  the  sweat 
^^11  as  in  the  urine  and  the  feces.  The  muscular  work  done 
listed  in  long  walks  and  mountain  climbs.    Argutinsky  found 

•  ^work  caused  a  marked  increase  in  the  elimination  of  nitrogen, 
^Xicrease  extending  over  a  period  of  three  days,  and  he  estimated 

•  "the  additional  protein  metabolized  in  consequence  of  the  work 
suflScient  to  account  for  most  of  the  energy  expended  in  per- 
king the  walks  and  climbs.  A  number  of  objections  have  been 
1^^  to  Argutinsky *s  work.  It  has  been  asserted  that  during  his 
-xnment  he  kept  himself  upon  a  diet  deficient  in  non-protein 
^xial,  and  that  if  the  supply  of  this  material  had  been  sufficient 
"^  would  not  have  been  an  increase  in  protein  metabolism. 
^^  experiments  were  repeated  in  various  forms  by  many  ob- 
^i«  (Zuntz,  Speck,  et  cd.),  and  the  general  result  has  been 

«tbandonment  of  both  the  former  views — the  Liebig  theory, 
'  the  energy  comes  only  from  the  consumption  of  protein,  and 
"V'oit  theory,  that  it  comes  only  from  the  oxidation  of  non-pro- 
^  Material.     It  has  been  found  that  in  muscular  work  carried  to 

Ordinary  extent  protein  material,  in  excess  of  that  destroyed  in 
'^tions  of  rest,  may  or  may  not  be  used  according  to  the  amount 
^^ts  and  carbohydrates  contained  in  the  diet.  If  these  latter 
^ents  are  in  sufficient  quantity  they  furnish  the  energy  required, 
^  the  protein  metabolism  is  not  increased  by  work.     If,  however, 

*  Argutinsky,  ''Pfluger's  Archiv  f.  die  gesammte  Physiologic,"  46,  552, 


"Ztccoramjaj  to  tne  ^qew  aaoptea  m  ine  preceamg  paga 

membered  that  when  protein-ffxxl  is  used  as  a  souix 
is  used  not  as  protein,  hut  after  the  nitrogen  has  b| 
the  tissues  by  the  process  of  deamidizution  of  th| 
According  to  this  view,  therefore,  the  working  muse 
their  energy  always  hy  oxidation  of  non-nitrogeii 
although  a  portion  oi  this  material  may  have  beeU 
niately  from  the  protein  of  the  food*  7'he  Voit  th< 
to  the  extent  that  on  an  abundant  non-protein  diet  li 
work  may  be  done  without  any  increase  in  the  ca 
protein  tissue.  The  muscle  is  a  protein  maehine  f^ 
piishment  of  work,  but  in  the  performance  of  td 
there  Is  apparently  no  greater  wear  and  tear  of  th 
greater  tissue  waste,  than  under  resting  conditic 
the  muscular  work  is  excessive,  the  tissue  wiuste 
Artcntinsky  found  an  increased  nitrogen  elimination 
three  days  aft«r  the  cessation  of  the  work.  It  is  prol 
result  indicates  a  greater  waste  of  the  protein  appam 
this  idea  is  borne  out  by  the  fact  that  under  simj 
other  observei's  have  detected  an  increase  in  the 
uric  acid  excretion,  nitrogenous  wastes  that  are 
muscle*  The  effect  of  muscular  work  on  the  carbon  ( 
bon  dioxid,  is,  of  coui-se,  markeii  and  invariable.  Sal 
terial  must  be  oxithzed  to  furnish  the  ene^g}^  and  sinci 
is  usually  sugar,  or  sugar  and  fat,  or  the  non-nitrog 
of  the  protein  of  the  diet,  the  effect,  so  far  as  the  excn 
cerneil,  will  l>e  most  manifest  in  the  amount  of  i 
given  off.  Pettenkofer  and  Voit  found  that  the  \ 
eliminated  by  a  man  during  a  day  of  work  was  nmr\ 
excreted  during  a  day  of  rest.  Along  with  this  rise 
dioxid  exct^tiQa  thei'e  Ls  a  (iorrennondiny  mfirftniMi  mJ 
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[an  at  rest,  sleeping. . . . 

[an  at  rest,  sitting 

[an  at  rest,  standing .  .  . 
[an  during  severe  work . 
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Metabolism  Dtiring  Sleep. — It  has  been  shown  that  during 
eep  there  is  no  marked  change  in  the  total  nitrogen  excreted, 
lid  therefore  no  distinct  decrease  in  the  protein  metabolism, 
ccording  to  Siven,  there  is  a  distinct  diminution  in  the  secretion 
[  the  endogenous  purin  nitrogen.  On  the  contrary,  the  carbon 
ioxid  eliminated  and  the  oxygen  absorbed  are  unquestionably 
inainished.  This  latter  fact  finds  its  simplest  explanation  in  the 
opposition  that  the  muscles  are  less  active  during  sleep.  The 
lUscles  do  less  work  in  the  way  of  contractions,  and,  in  addition, 
•H)bably  suffer  a  diminution  in  tonicity,  which  also  affects  their 
tW  metabolism. 

Effect  of  Variations  in  Temperature. — In  warm-blooded 
ttimals  variations  of  outside  temperature  within  ordinary  limits 
0  not  affect  the  body  temperature.  An  account  of  the  means  by 
Wch  this  regulation  is  effected  will  be  found  in  the  chapter  upon 
JoixtisA  Heat.  So  long  as  the  temperature  of  the  body  remains  con- 
'^nt,  it  has  been  found  that  a  fall  of  outside  temperature  may 
^crease  the  oxidation  of  non-protein  material  in  the  body,  the  in- 
f^ase  being  in  a  general  way  proportional  to  the  fall  in  tempera- 
^-  That  the  increased  oxidation  affects  the  non-protein  con- 
Stuents  is  shown  by  the  fact  that  the  nitrogenous  excreta  remain 
QchaDged  in  quantity,  other  conditions  being  the  same,  while 
^  oxygen  consmnption  and  the  carbon  dioxid  elimination  are 
icreased.  This  effect  of  temperature  upon  the  body  metabolism 
^  due  mainly  to  a  reflex  stimulation  of  the  motor  nerves  to  the 
lUficles.  The  temperature  nerves  of  the  skin  are  affected  by  a 
^  in  outside  temperature,  and  bring  about  reflexly  an  increased 
Nervation  of  the  muscles  of  the  body.  Indeed,  it  is  stated* 
'^t  unless  the  lowering  of  the  temperature  is  sufficient  to  cause 
'^vering  or  muscular  tension  no  increase  in  the  excretion  of  COj 
^ts.  This  fact  suflSces  to  explain,  therefore,  the  physiological 
^ne  of  shivering  and  muscular  restlessness  when  the  outside 
'^perature  is  low.  The  fact  that  variations  in  outside  tempera- 
*J^  affect  only  the  consumption  of  non-protein  material  falls  in, 
^^efore,  with  the  conception  of  the  nature  of  the  metabolism 
Muscle  in  activity,  given  above.  When  the  means  of  regulating 
*  Johannson,  "Skandina\'ische8  Archiv  f.  Physiologic,"  7,  123,  1897. 
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the  IxMly  temperature  break  down  from  t«o  long  an  ex 
excessively  low  or  excestsiveJy  high  tenipt*raturei?',  the  total  bfl 
metabolism,  protein  iLs  well  as  non-protein,  increases  witb  a1 
in  body  ten^perature  and  decreases  with  a  fall  in  tenipc^raturp* 
fevers  arising  from  pathological  causes  it  has  been  shown  that  t| 
is  an  increased  excretion  of  nitrogen  08  w*ell  as  of  carbon  dioa^ 
Eflfect  of  Starvation. — A  starving  animal  must  Uve  upool 
material  present  in  its  body.  This  material  consistjs  of  the 
stored  up,  the  circulating  and  tissue  pit)tein,  and  the  glvcO 
The  latter,  which  is  present  in  comparatively  small  quantitii 
quickly  used,  disappearing  more  or  less  rapidly  according  Ul 
extent  of  muscular  mo\ements  made.  Thereafter  the  animal  | 
on  its  own  prntein  and  fat,  and  if  the  stanation  b  continued] 
fatal  termination  the  body  becomes  correspondingly  emadf 
Examination  of  the  several  tissues  in  animals  starved  to  deftdj 
brought  out  some  interesting  facts.  Voit  took  two  cata  rf  d 
equal  weight,  fed  them  equall>'  for  ten  days^  and  then  killed  o| 
serve  as  a  standard  for  comparison  and  starved  the  other  for  thil 
days;  the  latter  animal  lost  1017  gms.  in  weight,  and  tbekN| 
divided  as  follows  among  the  different  organs:  ^j 

SUPPOABD    WbIOHT 

OF  Okgahb  BieroRs 
Stabvatjon. 

Boae 393.4 

MuBcIe 1408.4 

Liver 9L9 

Kidney 25,1 

Spleen  8.7 

Panfreas , .  6.5 

Testes,. 2,5 

Lungs ., 15.8 

Heart , .  11.5 

Intestines  ., 118,0 

Brain  and  ford 40.7 

Skin  and  hair  . ,  _  .  432,8 

Fat 275.4 

BltM3d 138.5 

Remainder   ....,_  136.0 

According  to  these  results,  the  greatest  absolute  loss  was  W 
muscles  (429  gms.),  while  the  greatest  percentage  loss  was  in  till 
(97  per  cent.),  which  Imd  practically  disappeared  from  the  M 
It  is  ver>^  significant  that  the  central  nervous  s>'stem  and  the  III 
organs  which  we  may  suppose  w^ere  in  continual  activity,  mfll 
practically  no  loss  of  w^eiglit:  they  had  livetl  at  the  expense  <W 
other  tissues.  We  must  suppose  that  in  a  starving  animal  tta 
and  the  protein  materials,  particularly  in  the  voluntan"  mm 
pass  into  -solutioti  in  the  blood,  and  ai'e  then  used  to  nounaJij 
tissues  generally  and  t-o  supply  the  heat  necessar>"  to  mjuauial 
body  temperature,     Examiuation  of  the  exci^eta  in  stan^iai^ 


kcrrujLL  LoM 

Each  100  Gw^ 

or  OmGAMB 

OF  mtmrn  0»<Mt 

iw  Giis. 

fPsJICBTTTAaR  LOf 

54.7 

139 

429.4 

30^ 

49.4 

53J 

6.5 

259     i 

5,8 

66.7      1 

H 

17  0      1 

1.0 

40.0 

2.8 

17.7 

0.3 

2.6 

20.9 

18.0 

1.3 

3.2 

89.3 

206 

267.2 

97-0 

37.3 

27.0 

50.0 
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laJs  has  shown  that  a  greater  quantity  of  protein  is  destroyed  dur- 
Ig  the  first  day  or  two  than  in  the  subsequent  days.  This  fact 
explained  on  the  supposition  that  the  body  is  at  first  supplied 
ttx  a  certain  excess  ofprotein  material,  circulating  protein,  de- 
od  from  its  previous  food,  and  that  after  this  is  metabolized 
^  animal  lives  entirely,  so  far  as  protein  consumption  is  con- 
tx^,  upon  its  "tissue  protein."  If  the  animal  remains  quiet 
"ixig  starvation,  the  amount  of  nitrogen  excreted  daily  soon 
elies  a  nearly  constant  minimum,  showing  that  a  practically 
^"tant  amount  of  protein  (together  with  fat)  is  consumed  daily 
'U.mish  body  heat,  and  material  for  the  energy  needs  and  tissue 
K"t>c  in  the  active  organs,  such  as  the  heart..  Shortly  before 
*ii  from  starvation  the  daily  amount  of  protein  consumed  may 
"^ase,  as  shown  by  the  larger  amount  of  nitrogen  eliminated. 
^  fact  is  explained  by  assuming  that  the  body  fat  is  then  ex- 
^^'ted  and  the  animal's  metabolism  is  confined  to  the  tissue 
J^i^ns  alone.  The  general  fact  that  the  loss  of  protein  is  greatest 
■^*iig  the  first  one  or  two  days  of  starvation  has  been  confirmed 
'^^X  men  in  a  number  of  interesting  experiments  made  upon 
f'^sssional  fasters.  For  the  numerous  details  as  to  loss  of  weight, 
^^tions  of  temperature,  etc.,  carefully  recorded  in  these  latter 
'^mnents,  reference  must  be  made  to  original  sources*  It  may 
^<3ded,  in  conclusion,  that  the  fatter  the  body  is,  to  begin  with, 
longer  will  starvation  be  endured,  and  if  water  is  consumed 
-^3^  the  evil  effects  of  starvation,  as  well  as  the  disagreeable 
^^tions  of  hunger,  are  very  much  reduced. 
*^hc  Potential  Energy  of  Food. — The  food  material  during 
^^ion  and  after  absorption  undergoes  numerous  chemical 
■^Xges  in  the  body.     Some  of  these  changes  are  not  attended  by 

liberation  of  heat  to  any  marked  extent.  Such  is  the  case,  for 
^^Jice,  with  the  hydrolytic  cleavages  of  the  molecule  which 
^^  been  described  especially  in  connection  with  the  digestive 
^^esses.  As  an  example  of  this  fact  one  may  take  the  inversion 
/^he  double  sugars — one  molecule  of  maltose  yields  two  molecules 

dextrose.     The  heat  value  of  a  gram  molecule  of  maltose  is 

*^.7  calories.     The  heat  value  of  the  dextrose  resulting  from  its 

^^^Tsion  is  1347.4  cal.,  so  that  the  process  of  hydrolysis  liberates 

'^y  3.3  cal.  or  about  0.2  per  cent,  of  the  total  available  energy  in 

"^  maltose.t     Similar  hydrolytic  cleavages  occur  doubtless  within 

^^  tissues,  and  other  changes  connected  with  muscular,  nervous, 

''^d  glandular  activity,  and  the  building  up  and  breaking  down 

^  the  living  substance  take  place  constantly  as  a  part  of  general 

r  ***Virchow'8  Archiv,"  vol.  131,  siipplement ,  1893;  and  Luciani,  '*Das 
^^Jgem,"  1890.  See  also  Weber,  '*Ergebnisse  der  Physiologie, "  vol.  i., 
^  1.,  1902. 

t.  tSee  Herzog,  '*Zeit.  f.  physiol.  chem.,"  37,383,1903,  and  Tangl, 
^QOger's  Archiv,"  115,  1,  1906. 
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nutritifmal  metabolism.  On  the  other  hand,  many  of  the  etiemi 
processes  occurring  in  the  body  are  especially  valuul>le  on  aec^i 
of  the  heat  lihprated.  These  reactic^ns,  for  the  nmstt  part 
least,  are  oxiUjitions;  they  are  effected  under  the  influence 
oxidizing  enzymes  or  by  some  other  means  of  activatinct 
oxygen.  The  \*arit>us  stages  in  the  process  are  not  expl 
but  we  know  that  oxygen  is  necessiirj-  and  that  the  carbcm 
tl^e  hydrogen  contained  in  the  sulvstances  acted  iipt»i 
eventually  in  the  form  of  oxidation  [jroduct^ — nanieljrJ! 
dioxid  and  water — Liehig  de.signated  the  fat^  and  carbohyJf 
as  respiratory  fo^xls  on  the  hypothesis  that  their  fate  in  the  h 
is  to  be  oxidized  and  furnish  heat.  While  this  view  is,  in 
main,  connect,  it  is  evident  now  that  a  p<>rtion  at  leaa^  of 
protein  molecule,  after  the  splitting  off  of  the  nitrogen,  i 
also  undergo  oxidation  and  furnish  he^it.  In  Liebig's  3i 
therefore,  the  proteins  play  the  part  of  respirator}*  or  heair 
ducing  foods  as  well  as  acting  as  tissue  formers.  On  the  c 
hand,  fats  arid  cai'boliydrat-e  material  may  enter  to  some  exi 
togetlier  with  the  protein,  into  the  synthesis  of  cell  material, 
thus  play  the  role  of  a  plastic  or  tissue-forming  as  well  as 
respiratory^  food.  This  possilyility  is  emphasized  by  moi 
theories  regarding  the  intermediary  metalx>Iisni  of  the  carbc 
drates  (p.  888),  according  to  which  it  would  appear  thai 
lactic  acid  foniied  from  the  carbohydrates  may  be  eonvertei 
an  amino-acid,  after  passing  through  a  ketonic  acid  siagft, 
cannot  divide  tlie  f(x>dstuflfs,  therefore,  strictly  into 
classes,  but  we  may  perhaps  consider  the  cheniic-al  pi 
the  l)Ddy  under  the  two  heads  mentioned  above— namely,  til 
oxidation  or  heat-producing  changes  and  thase  due  to 
cleavages,  synthesis,  etc.,  which  are  attended  by  a  smaD 
tion  of  heat,  or,  indeed,  may  be  accompanied  by  an 
of  energy  (s^Tithesis).  The  great  supply  of  beat  enei 
by  the  body  to  maintain  its  temperature  comes  from  the  C 
ation  processes.  Tlie  heat  produced  in  and  given  off  from 
body  is  estimated  in  terms  of  calories.  The  small  calorie  (c 
gran^-ealorie  is  the  quantity  of  heat  necessary  to  raise  one 
water  one  degree  Centigrade  in  tem|>erature,  while  the 
calorie  (C)  or  kilogram-calorie  is  the  quantity  of  heat  nee 
to  raise  the  temperature  of  one  thousand  grams  of  water  one 
gree.  In  rounfl  numl>ers  an  adult  man  produces  in  his  body 
gives  off  to  the  surrounding  air  about  2,40),1XK}  calorit^  (2400 
of  heat  per  day.  This  great  supply  of  heat  is  de-ri\^ed  from 
physiological  oxidation  of  the  carbohydrate,  fat,  and 
material  of  the  foofl.  These  same  materials  may  be 
outside  the  body  by  burning  them  at  a  high  temperature  or  tti 
a  high  pressure  of  oxygen,  and  the  heat  that  they  give  off  in 
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process  can  be  measurerd  directly.  So  far  as  the  fats  and  carbo- 
hydrates are  concerned,  the  end-products  of  the  oxidation  in  the 
body  are  the  same  as  in  their  combustion  out  of  the  body,  and  we 
oaay  believe,  therefore,  that  the  amount  of  heat  produced  is  the 
anrie  in  both  cases.  Consequently  the  heat  value  of  a  gram  of  fat 
)r,carbohydrate  burnt  outside  the  body  is  spoken  of  as  its  combus- 
wwi  eguivalentj  and  it  measures  the  amount  of  potential  energy 
f  these  foodstuffs  which  is  available  for  the  production  of  heat 
r  for  the  supply  of  energ}^  in  other  forms  to  the  working  cells. 
rlth  regard  to  the  protein,  the  case  is  somewhat  different.  Its 
id-products  in  the  body  are  carbon  dioxid,  water,  and  urea 
•  some  other  of  the  nitrogenous  waste  products.  These  nitrog- 
loxis  wastes  are  capable  of  further  oxidation  with  liberation 
heat,  so  that,  as  far  as  they  are  eliminated,  the  body 
ses  a  possible  supply  of  heat  energy,  which  must  be  subtracted 
oixi  the  total  heat  energy  that  the  protein  gives  upon  oxida- 
^^  outside  the  body,  in  order  to  determine  the  available  heat 
ergy  yielded  within  the  body.  The  figures  obtained  for  the  heat 
^valents  of  the  foodstuffs  by  burning  them  outside  the  l>ody  in 
Df^^  form  of  calorimeter  are  as  follows:  1  gm.  of  fat  yields  an  aver- 
6  of  9300  calories,  or  9.3  large  calories  (C),  1  gm.  of  carbohydrate 
5lcis  an  average  of  4100  calories  (4.1  C).  These  figures  may  be 
ten,  therefore,  to  express  the  quantity  of  heat  given  to  the  body 
^he  oxidation  within  its  tissues  of  these  elements  of  our  food. 
gi"ani  of  protein  when  burnt  outside  of  the  body  yields  on  the  aver- 
^  S778  calories.  The  heat  value  of  the  urea  Ls  estimated  as  1 
^'  ==  2523  calories.  If  we  assume  that  all  the  nitrogen  of  the  pro- 
^^  appears  as  urea  and  that  1  gm.  of  protein  yields  J  gm.  of  urea, 
®^  the  available  heat  energy  of  a  gram  of  protein  should  be  equal 
^"^78  —841  (or  i  of  2523)  =  4937 calories.  Later  workers,  however, 
^  given  reasons  for  believing  that  this  last  figure  is  too  high. 
^  ^f  the  nitrogen  is  not  eliminated  as  urea,  and,  moreover,  all  of 
®  nitrogenous  waste  is  not  excreted  in  the  urine;  a  distinct  pro- 
►rtion  is  given  off  in  the  feces.  Rubner  has  calculated  the  avail- 
^*^  heat  energy  of  proteins  by  direct  experiments  upon  animals. 
I  these  experiments  the  heat  value  of  the  protein  fed  was  directly 
^^Mnined  by  burning  a  sample  in  a  calorimeter.  Then  after  feed- 
^  ^  known  amount  of  the  protein  the  urine  and  feces  were  col- 
^;^  and  their  heat  value  was  determined  in  the  same  way.  The 
^^rence  between  the  total  heat  value  of  the  protein  fed  and  the 
heat  Value  lost  in  its  excreted  products  in  the  feces  and  urine  gave 
w^^  actual  heat  energy  obtained  from  the  protein  by  the  animal 
^^y.  Results  obtained  by  this  method  give  an  average  value 
'^^  1  gm.  protein  of  4100  calories  (4.1  C),  or,  since  protein  contains 
^  average  of  16  per  cent,  of  nitrogen,  we  may  say  that  1  gm.  of  ni- 
^^gen  ingested  as  protein  has  a  heat  value  of  4.1  X  6.25  =  25.6  C. 
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The  figures  that  are  used,  therefore,  in  estimating  the  heat  valil 

of  our  foodstuffs  are: 

1  gm.  protein  -s-  4100  calories  (4.1  C). 

1  gni.  carl  lohydrate  =  4100  calories  (4»l  C), 
1  gin-  fat  =  9305  calories  (9 J  C). 

Making  use  of  these  values,  it  is  obvaous  that  we  can  c&lcuUu  I 
total  heat  value  of  any  given  diet.  If  we  analyze  the  food  for| 
composition  in  the  three  principal  foodstuffs  we  may  determine  I 
many  calories  will  be  furnished  to  the  body.  In  many  of  the  1 
published  to  show  the  composition  of  the  dififerent  foods  figures  aii 
given  also  tu  express  tlu'ir  heat  value  or  potential  energy*,  on  fhm 
belief  that,  for  the  most  part,  our  food  is  used  as  fuel  to  supplj 
eneiig}'^  to  the  body.  These  values  for  some  of  our  ordinari'  h 
are  as  follows:* 


Protbht.  Fat. 


Carboht- 

DRATK. 


Beefsteak,  pcirterlionsc. 19.1  17.9        

Beefsteak,  round  (lean) 20,2  2.4        

Corned  beef  (panned) 26.3  18.7        , 

Veal,  !e^  (lean)..... 19.4  3.7  .... 

Veal  liver 10,0  5.3        

Milt  ton,  leg  (lean) 16.5  10.3        

Pork,  ham  (fresh,  lean) 24.8  14.2  .... 

Pork  chops,  mediino  fat 13.4  24.2        

Chicken  (fowl) 13 J  12.3        

Shad,......,. ...      W  4.8  .... 

Shad  roe 20.fl  3.8  2.6 

Er^.,. 11.7  10.7 

Milk...... 3.3  4.0  5,0 

Oatmeal 10.1  7.2  67.5 

Rine ,                ,      8.0  0.3  79,0 

Wheat  flour  (entire  uUeat) 13,8  1S\  71.9 

Green  f)cas.. 7.0  0.5  16.9 

Potatoes  (raw) 2.2  0,1  1S.4 

Spinach 2,1  0,3  3.2 

Tomato€!S 0.9  0.4  3.9 

Apples...... 0,4  0.5  14.2 

Bananas.*.* 1.3  0.6  22.0 

It  must  be  borne  in  mind,  however,  that  the  entire  nutritioiiil 
vjdue  of  a  food  is  not  expressed  in  its  heat  value.  Some  of  «»f 
food  material ^the  green  foods  and  finiit-s,  for  example— an? tt«W 
and  in  a  measure  essential  because  of  their  salt.s  and  organic  uibk 
in  spite  of  the  fact  that  thoy  contain  but  little  erierK>'  thalOB 
be  utilized  by  the  l)ody.  Moreover  recent  work,  aln-ndy  refefffJ 
to  (p.  883),  makes  it  inereasins^ly  probable  that  tfio  different  p©- 
teins  or  even  the  different  car lx>hyd rates  or  fats  may  Ik?  found  *»» 
have  each  a  specific  influence  upon  mptalx>lism.  And  li<*lf 
specific  substances  may  be  foimd  in  the  foods,  which  as  bofUMO^ 
or  in  some  ;\s  yet  midetermined  way  are  import^int  or  esBoM  ^ 
the  metaboli.sm  in  some  part  of  the  body.     Thus  it  is  stated  th*i 

•  SplfH-toii  from  At  water  and  firyant,  PuHetin  28  (revised  editm^  t'**^ 
States  Department  of  Agriculture,  1889. 
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e  disease  known  as  beri-beri,  which  formerly  in  the  Japanese 
v^  showed  the  high  incidence  of  325  cases  out  of  1000,  has  been 
bi  jely  eradicated  by  substituting  for  an  exclusive  diet  of  polished 
^  one  of  equal  quantities  of  barley  and  rice.  Investigation  has 
^"«vn  that  the  material  lost  in  the  process  of  polishing  the  rice 
^  Telatively  simple  organic  base  (p.  885).  In  the  absence  of  this 
^^atance  grave  disorders  of  metabolism  occur,  particulariy  in  the 
^ipheral  nerves.  In  these  respects  the  science  of  dietetics  has  a 
l^  field  for  investigation.  In  a  general  way,  however,  the  heat 
^:»rgy  of  a  food  expresses  its  value  as  a  means  for  suppljdng  the 
'^^"^gy  needs  of  the  living  cells.  In  the  work  that  these  cells  per- 
"^3,  whether  it  is  contraction,  secretion,  or  nervous  activity,  energy 
^^3eded,  and  this  energy  is  carried  into  the  body  in  the  potential 
^^^nical  energy  of  the  proteins,  fats,  and  carbohydrates,  whatever 
ii^  be  the  source  from  which  these  foodstuffs  are  obtained. 
~^S)ietetics. — ^The  subject  of  the  proper  nourishment  of  individ- 
^  or  collection  of  individuals  in  health  and  in  sickness  is  treated 
^  ^illy  in  works  upon  hygiene  or  dietetics.  The  practical  details 
"tihe  preparation  and  composition  of  diets  must  be  obtained 
^^^  such  sources.*  The  general  principles  upon  which  practical 
-'tiing  depends  have  been  obtained,  however,  from  experimental 
^^k  upon  the  nutrition  of  man  and  the  lower  animals,  some 
*^^ount  of  which  has  been  given  in  the  foregoing  pages.  In  a 
^^^Uhy  adult  the  main  objects  of  a  diet  are  to  furnish  sufficient 
^trogenous  and  non-nitrogenous  foodstuffs,  salts,  and  water  to 
'Maintain  the  body  in  an  equilibrium  of  material  and  of  energy — 
that  is,  the  diet  must  furnish  the  material  for  the  regeneration  of 
tissue  and  the  material  for  the  heat  produced  and  the  muscular 
iVork  and  other  work  done.  Nutritional  experiments  prove  that 
his  object  may  be  accomplished  by  protein  food  alone,  together 
nth  salts  and  water.  It  is  doubtful,  however,  whether,  in  the 
ase  of  man,  such  a  diet  could  be  continued  for  long  periods  without 
musing  some  nutritional  disturbance,  directly  or  indirectly.  It 
ill  be  remembered  that  a  pure  meat  diet  is  not  entirely  protein, 
nee  all  flesh  contains  some  fats  and  carbohydrates  (glycogen). 
he  functions  of  a  diet  are  accomplished  more  easily  and  more 
•onomically  when  it  is  composed  of  proteins  and  fats,  or  proteins 
id  carbohydrates,  or,  as  Ls  almost  universally  the  case,  of  proteins, 
its,  and  carbohydrates.  The  experience  of  mankind  shows 
lat  such  a  mixed  diet  is  most  beneficial  to  the  body  and  most 
ttisfying  to  that  valuable  regulating  mechanism  of  nutrition, 
le  appetite.  Expressed  in  its  most  general  form  the  cells  of  our 
ody  need  food  for  two  purposes:  first,  to  supply  the  energy 
eeds;  second,  to  furnish  the  material  for  the  constmction  of  their 

*  For  practical  directions,  see  Gautier,  "  L'alimentation  et  les  regimes,'' 
04;  BljrUi,  "Foods:  their  Composition  and  Analysis." 
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own  l!\4ng  substance,  that  Ls,  for  assimilation.  The  first  ofl 
puri>os<*s  is  fulfilled  by  any  of  the  three  energ>'->ielding  foodfltnib^^ 
carbohydrates,  fate  or  proteins,  but  as  a  matter  of  fact  we  u** 
chiefly  the  cartx>hydrates  on  account  of  their  ea>nomy  and  the 
ease  with  which  they  are  utilized  by  the  body.  For  the  mixA 
purpose,  the  construction  of  protoplasm  or  li\iiig  matter  proimi 
(or  their  cleavage  procfuct.s,  the  various  amino-bodies)  mt  ahsh 
lately  necessarJ^*  Whether  fat.s  or  carbohydrates  partkiptte  «t 
all  in  this  process  is  perhaps  an  open  question.  In  accofdaac? 
with  this  specific  and  necessary  function  of  the  protein  wi*  fiod 
that  the  amount  used  in  the  daily  diet  is  fairly  coniiitant,  about 
100  grams,  while  the  proportioas  of  fat  and  carbohydrate*  show 
wide  variations.  Since  from  the  energy  standix)int  the  fut*  ud 
carbohydrates  have  a  common  function,  serving  as  fuel  for  tbf 
energj^  needs  of  the  Ijody,  we  oogiit  to  Ite  able  to  exchange  them  in 
the  fliet  in  the  ratio  of  their  heat  values. 

This  ratio,  or  as  it  is  frequently  caDed,  the  iBodynamic  equiv^ 
kntf  is  as  9.3  to  4.1  or  2,3  to  1,  and  within  the  limits  pemiitti^  I 
the  appetite  we  should  be  able  to  substitute  1  part  of  f at  f 
parts  of  sugar  or  starch.  Experiments  upon  animal^.  asi 
the  experience  of  mankind,  show  that  this  substitution  r*nn 
made  in  a  general  way.  althijugh  it  is  not  aiivieable  to  elinirnji 
either  of  these  foodstuffs  entirely  from  the  diet.  The  fact  th 
witlun  certain  limits  fats  and  carbohydrates  may  be  subs 
fnr  each  other  is  illustrated  in  a  general  way  by  the  different! 
recommended  by  various  physiologists,  since  it  will  be  notieri 
that  in  those  in  which  the  proportion  of  fat  is  large  the  amount  of 
carboliydrate  is  reduced. 

AVERAGE  DIETS  AND  THEIR  HEAT  VALUES, 


MOLESCHOTT. 

Rankc. 

Voir 

CAhommm. 

Caix>rixa. 

Cy 

Protein    ......  130  ffms.   ...     533 

Fat?             ....    40      *'      ...     372 

Caxbohydmttt  ...  650     "      ...  2275 

100  Km* 

100    " 
240     " 

.  .   .  410 
.       .030 
.   .      984 

iiseiiB^ 

66     " 
600     *' 

2060 

2324 

F0R8TER. 

Atwate*. 

DAUoiamm. 

C4txiBiai^ 

Protein    ...      .  .  131  fms. 

Fat* 68     " 

CArbohydimtes     .  .  41»4     '' 

.  .   .     667 
.  .  .     032 

.  ,  .    1823 
2024 

125  Kms. 
400     •' 

,612       . 

.1172       ' 

.  .  .   164D     1 

The  average  heat  value  of  these  diets  is  e<{ual  to  2742  cak'ri" 
of  which  about  18  per  cent*  is  furnished  by  the  protein*  Qmefn!9 
speaking,  it  will  be  found  tiiat  in  the  dietaries  selected  volunttfihr^ 
by  mankind  the  protein  fundshes  from  15  to  20  per  cent.  «'  t' 
total  heat  value  of  the  diet.  According  to  some  physioI< 
this  proportion  is  unnef^essarily  large  and  it  might  l>e  Tf»iui^i 
to  as  little  as  5  or  10  per  cent.  Whether  or  not  such  a  ehaaf^  ^ 
*  S<*c  p*  ^T^  lot  ft.  \«wa\UQ  aitiejidmcoit  t<)  this  geitenl  sUtfoiiss 
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justified  has  already  been  discussed  to  some  extent  (p.  880). 
Leaving  aside  this  point,  it  is  usually  estimated  in  roimd  numbers 
that  the  diet  should  furnish  daily  2400  Calories  for  an  individual 
weighing  60  kgms.,  or  about  40  Calories  per  kgm.  of  body  weight. 
It  will  be  noticed  that  in  all  cases  the  greatest  portion  of  this 
energy  is  obtained  from  the  carbohydrate  food,  which,  on  account 
of  its  economy,  its  abundance,  and  its  ease  of  digestion  and 
oxidation  in  the  body,  constitutes  the  bulk  of  our  diet.  In  cases 
of  excessive  muscular  work  the  food  eaten  may  supply  more  than 
twice  the  average  heat  value  given  above.  Thus,  Atwater  and 
Sherman  estimate  that  in  a  six-day  bicycle  race  by  professionals 
the  heat  value  of  the  food  for  the  different  participants  varied  from 
4770  to  6095  calories.  Chittenden,  in  the  work  previously  re- 
ferred to,*  has  raised  the  question  whether  the  heat  value  of  the 
diet  ordinarily  employed  is  unnecessarily  high.  In  his  own  case 
he  found  that  the  body  could  be  well  nourished  on  a  diet  con- 
taining a  total  heat  value  of  only  1600  calories  or  28  calories  per 
kgm.  of  body  weight  instead  of  40  calories.  The  diet  in  this 
case,  it  will  be  remembered,  contained  only  36  to  40  gms.  of  protein 
in  place  of  the  100  to  130  gms.  recommended  in  the  diets  mentioned 
above.  The  question  thus  raised  is  one  that  must  be  decided  by 
actual  experience,  but  from  the  numerous  statistical  and  experi- 
mental results  now  availablef  it  would  appear,  as  has  been  stated 
above,  that  the  total  energy  necessary  in  a  diet,  estimated  in 
terms  of  its  heat  value,  varies  chiefly  with  the  amount  of  muscular 
work  to  be  done.  Persons  who  lead  a  very  muscular  life  require 
a  correspondingly  large  amount  of  energ>^  in  the  diet,  and  this 
demand  is  met  usually  by  augmenting  the  proportion  of  carbo- 
hydrate and  fat,  especially  the  carbohydrate.  Since  the  amount 
of  protein  is  not  varied  greatly  in  such  cases  the  diet  is  relatively 
j>oor  in  this  foodstuff.  On  the  contrary,  those  who  lead  a  sedentary 
life,  including,  broadly  speaking,  all  the  well-to-do  class,  require 
less  energy  in  their  diet,  and  they  can  afford  to  reduce  the  pro- 
j>ortion  of  carbohydrate  and  fat.  The  diet  in  such  cases  may  be 
relatively  rich  in  protein,  although  the  amount  per  kilogram  of 
body  weight  is  not  increased,  in  fact,  is  usually  diminished  some- 
what. These  facts  are  illustrated  in  Atwater's  estimate  of  the 
diet  necessary  for  men  performing  different  amounts  of  muscular 
work. 

Protein.         Carbohydrate 
AND  Fat. 

Man  doing  hard  muscular  work 600  cal.  3550  cal. 

Man  doing  moderate  muscular  work 500    "  2900    " 

Man  doing  no  muscular  work 360    "  2040    " 

♦Chittenden,  "Physiological  Economy  in  Nutrition,"  1905. 
t  See  especially  tne  numerous  Bulletins  of  the  U.  S.  Department  of 
Agriculture,  Noe.  28,  116,  129,  149,  etc. 


922 


NUTRITION    AND    HEAT    REGULATION. 


On  Comparing  these  rliVts  it  will  be  ohson'cd  * 
forniing  hard  muscular  wcnk  the  diet  contained  ITO' 
energy  beyond  that  um^d  when  no  work  was  donje.  About 
sevenths  of  this  inereast^  was  provided  for  by  the  carbohydn 
and  fats-  It  will  be  seen  aist)  that  in  this  case  the  proporf 
of  the  total  euerg}-  rjhtairied  from  protein  remained  pnu'tio 
identieah 

Mankind  is  guideil  and  has  been  guided  in  all  timcf 
the  control  of  the  appetite*  using  this  term  in  a  general 
designate  the  eonscittus  desire  for  food,  and  alsci  the  dt'sire, 
or  less  clearly  recngnized,  for  special  kinds  of  food.  If  scletl 
experiments  indicate  that  this  regulator}'  apparatus  lemb  u 
ingest  more  food  than  is  actually  required  for  the  assimilll 
needs  and  the  energ}^  needs  of  1  he  body,  it  remains  for  otiaB 
tion  iind  experiment  to  detenu ine  whether  this  excess  is  beoei 
or  useless  or,  perhaps,  even  harmful. 

Munk  f^ves  an  interesting  table  showing  how  much  of  Pd 
familiar  articles  of  food  would  l>e  neeessar>\  if  taken  alone,  to  ^ 
the  requisite  dailv  amoiuit  of  protein  or  non-protein  materiiil 
estimates  are  hti^d  upon  the  percentage  compasition  of  the  ( 
and  upon  experimental  data  showing  the  extent  of  ab&orpiion  e 
foodstuffs  in  each  food.  In  this  table  he  supposes  that  the  ' 
diet  should  contain  110  gms.  of  protein  =  17.5  gms.  of  N,  and 
proteins  sufficient  to  contain  270  gms.  of  C: 


For  110  Gms.  Protbk 
(17.5  Gmb,  N)* 

Milk.... 2900  gms. 


Meat  (lean). 
Hen's  eggs... 
Wheat  uouT. , 
Wheal  bread, 
Rve  bread, ,., 

Rice 

Com,..,. . . .. 

Peas 

Potatoes 


540 
18  « 

800  gma. 
1650     ** 
lUOO     ** 
1870     " 

990     *• 

520     ** 
4500     *' 


d800f 

2000 

37  < 

«70i 

1000 

1100 

750 

G60 

750 

2550 


As  Munk  points  out,  this  table  shows  that  any  single  food,  if 
in  quantities  sufficient  to  supply  the  nitrogen,  would  give  loo 
or  too  little  carbon  and  the  reverse;   those  animal  fooda 
certain  amounts,  supply  the  nitrogen  needed  furnish  only 
fourth  to  two-thirds  of  the  nece^ssary  amount  of  carbon  jmA 
versa,  the  vegetable  foods  if  taken  in  sufficient  quantity  t^ 
the  carljon  would  nut  give  sufficient  nitrogen,  or  if  used  alonii 
furnish  the  requisite  nitrogen  would  give  an  excess  of 
This  same  fact  is  illustrated  in  another  way  in  a  table  eoi 
by  Cohnheini.*    To  furnish  the  body  with  its  neceasary 
♦  Oihnheim,  **  Die  PhjTjiologie  der  VenJauung  und  Em&hnmK.^ 
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lO'fca  of  100  grains  of  protein  the  following  amounts  of  different 
ods,  expressed  in  their  heat  values,  would  be  required: 


Meat 

495 

Coarse  bread 

4552 

cl^we '.......! 

1133 

Fine  bread 

4720 

1704 

Potatoes 

5000 

Milk 

2070 

Rice 

5600 

Com 

4104 

is  evident  from  this  table  that  a  person  leading  a  sedentary 
&  ^ho  used  a  vegetable  diet  alone  would  be  required,  in  order  to 
tiain  his  necessary  protein,  to  consume  much  more  carbohy- 
a'te  than  from  an  energy  standpoint  was  needed  by  the  body. 

Cohnheim  points  out,  the  animal  foods  are  for  this  reason  espe- 
J^y  suited  to  supply  the  protein  needs  of  those  who  lead  a  com- 
«^a.tively  inactive  life.  In  practical  dieting  we  are  accustomed 
S^t  our  supply  of  proteins,  fats,  and  carbohydrates  from  both 
S^table  and  animal  foods.  To  illustrate  this  fact  by  an  actual 
^,  in  which  the  food  was  carefully  analyzed,  an  experimenter 
^ghing  67  kgms.  records  that  he  kept  himself  in  nitrogen  equilib- 
^'^  upon  a  diet  in  which  the  protein  was  distributed  as  follows: 

300     gms.  meat  =  63.08  gms.  protein  =  9.78    gms.  N. 

€66.3  c.c.  milk  =  18.74     "  "  =  2.905     "      " 

100     gms.  rice  =  7.74     "  "  =  1.2        "      " 

100       "     bread  =  11.32    "         "  =  1.755     "     " 

500     CO.  wine  =  1.17     "  "  =  0.182  gm.     " 

102.06     "  "  =      15.868  gms.  " 

^^  a  person  in  health  and  leading  an  active,  normal  life,  appetite 
^  experience  seem  to  be  safe  and  sufficient  guides  by  which  to 
^trol  the  diet;  they  may  be  relied  upon,  at  least,  to  protect  the 
^y  from  undernutrition.  The  opposite  danger  of  overeating 
^  r^al  one,  particularly  among  those  who  do  not  lead  an  active 
*•  It  is,  however,  a  hygienic  offence  that  is  usually  committed 
^^^ingly  and  may  consequently  be  controlled  by  those  who  have 
^^ient  wisdom.  Physiological  knowledge  emphasizes  clearly 
^"^gh  the  great  fact  that  the  mechanisms  of  nutrition  and 
^^"tion,  like  the  other  mechanisms  of  the  body,  should  not  be 
'^J^cted  to  unnecessary  strain.  For  those  who  are  in  health, 
^  ^^^portant  rule  to  follow  in  the  matter  of  diet  is  to  avoid  an 
^^^^s  in  eating.  In  conditions  of  disease,  in  regulating  the  diet 
^t^ildren  or  of  collections  of  individuals,  as  in  the  army,  navy, 
^•»  it  is  necessary  for  purposes  of  hygiene  or  for  purposes  of 
^^omy  to  arrange  the  diet  in  accordance  with  the  knowledge 
^^^ined  from  experience  and  from  scientific  investigations. 
^  "^his  direction  much  has  already  been  accomplished,  but  more 
'^ains  to  be  done,  particularly  perhaps  in  the  relation  of  diet  to 
'^^Hological  conditions. 


to 


lf«cu«wr;^^^c^^' 


ov\t 


\^^ai' 


fti»' 


lOSt 


iuces  t»e^  that 

-mre    "'      ,  •-    Vipav  »       .  _...n  to  '^  tin 


tvUti«a»' 


re  ' 


\ence  o\^,„,-,„n  anil  1-=^^^^^  ^^isps 


8C 
6U< 


ic\v  ft-^ 


ificfio" 
tViat 


the 


-:^t^t---v-^ 


d"«^  ^,  „«T  te&P^ 


i>av« 


V*VesP 


,\ttce-^^ 


tittac 


ked 


d^^^^-!theV.«it^: 


\t>f 


pot' 
rboleot^r^'t.sfacxot 


Vuto^,^ 


=^l5i£^^5Si-. 


•-"i,~v;s_s«"'5.'S?;3- 


bc»<"    ;roccut^^ 


\ess 


->Ltrir'^-::-':s.r«'>*^ 


me<^^ 


Jvtbe^>o'i>- 


?ti»P> 


,™>.     ««a^:^_.. 


BODY  TEMPERATURE.  925 

)logists  have  been  solved  satisfactorily,  but  there  remain,  of  course, 
laxiy  more  to  interest  this  and  succeeding  generations.  Investi- 
ations  in  this  field  at  present  are  directed  mainly  to  an  effort  to 
nderstand  the  details  of  the  heat-regulating  apparatus,  on  the  one 
and,  and,  on  the  other,  to  comprehend  more  satisfactorily  the 
Ature  of  the  process  of  oxidation.  This  latter  problem  is  one  of 
ocnmon  interest  at  present  in  chemistry  and  in  physiology. 

The  Body  Temperature. — ^We  divide  animals  into  the  two 
Peat  classes  of  warm  blooded  and  cold  blooded,  according  as  their 
Jnaperature  is  or  is  not  above  that  of  the  surrounding  air.  In 
lis  sense,  birds  and  mammals  are  warm  blooded  and  reptiles, 
iil>hibia,  and  fishes  are  cold  blooded.  The  names,  however,  are 
idly  chosen.  The  difference  of  deepest  significance  between  the 
&xicunals  and  birds,  on  the  one  hand,  and  the  fishes,  amphibia,  and 
P^iles,  on  the  other,  is  that  in  the  former  the  body  temperature 
"^vnthin  wide  limits,  independent  of  the  outside  temperature;  it 
ti^^L^ins  practically  constant  during  winter  and  summer,  whether 
^  surrounding  air  is  hotter  or  cooler  than  the  body.  They  are, 
^^^''^fore,  constant-temperature  animals  (homoiothermous).  The 
^'t'iles,  amphibia,  and  fishes,  on  the  contrary,  have  a  body  tem- 
f'^'ture  that  changes  with  the  environment.  On  winter  days 
^i^:*  temperature  is  low,  approximately  that  of  the  surrounding 
Or  water,  and  in  summer  their  body  temperature  rises  to  cor- 
'f>CDnd  with  that  of  the  outside.  Strictly  speakmg,  they  are  cold 
^^'^^ded  only  in  cold  surroundings.  This  group  may  be  designated 
'tie  changeable-temperature  animals  (poikilothermous).  The 
^'^^Xi-blooded  animals  mamtain  a  constant  high  body  temperature 
)  ^.ccount  of  their  relatively  active  oxidations  and  the  existence 
^  ^  heat-regulating  mechanism.  In  the  cold-blooded  animals  the 
*^^ations  are  not  so  intense  and  a  heat-regulating  mechanism  is 
ha^Ht  or  poorly  developed.  The  hibernating  animals  form  a  group 
i^^nnediate  in  many  ways  between  these  two  classes.  They  possess 
ft  ^^at-regulating  apparatus  that  maintains  a  constant  body  tem- 
P^^ture  imder  most  conditions,  but  breaks  down  in  very  cold 
^'^ther;  so  that  during  the  period  .of  winter  sleep  their  tem- 
P^^ture  is  but  little  above  that  of  the  surrounding  air.  In 
*>nie  of  the  cold-blooded  animals  the  production  of  heat  is  more 
'^pid  during  warm  weather  than  its  loss;  so  that  they  exhibit 
*^  body  temperature  slightly  higher  than  the  surrounding  me- 
^um.  A  hive  of  bees  in  activity  may  raise  the  temperature 
^thin  the  hive  through  a  nmnber  of  degrees,  and  snakes  and 
^^kany  reptiles  show  a  temperature  of  2°  to  8°  C.  above  that  of 
the  air.  So  also  some  reptiles  possess  a  rudimentary  means  of 
^tecting  their  bodies  from  too  great  a  rise  of  temperature, — 
Or  instance,  by  accelerated  breathing  whereby  more  water  is  evap- 
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orated  from  the  lungs  and  thus  more 
tion  between  the  two  great  groups  of  amraals  is 

markefl  to  constitute 


heat  is  lost.^     The  iU» 


not  entirely  abao- 
a  striking  phyao* 


I 


lute,  hilt  it  is  sufficiently 
logical  characteristic. 

The  teuiperature  of  the  human  body  is  measured  ugually 
thermometers  placeil  in  the  mouth,  in  the  axilla^  or  in  the  rectm 
Measurements  made  in  this  way  sliow  that  in  general  the  temjiem* 
tnre  in  the  interior  of  the  body  (rectal)  is  slightly  higher  than  on  lb 
surface  of  the  skin.  The  average  temperature  in  the  rectum  b  37:? 
a  (98.96'^  K);  in  the  axilla,  36.9*'  CI  (98.45**  F.);  in  the  mouth, 
m.H7°  C.  (98.36°  F,)^  We  may  speak  of  the  body  tenapemture, 
therefore,  in  the  places  in  which  it  can  l>e  conveniently  measumliil 
varying  between  36.87°  C\  and  37.2°  C.  Some  of  the  int* 
gans  have  a  higher  temperature,  particularly  during  their 
greatest  activity.  The  tem|>erature  of  man,  measured  in  the 
mentioned,  shows  also  atlistinct  variation  during  the  day, a  diui 
rhythm.  This  daily  variation  has  been  me-a^ured  by  manroJv 
servers,  and  shows  individual  peculiarities  that  depend  largely  upt>n 
the  manner  of  living,  time  of  meals,  etc.  In  general  it  may  be 
that  the  lowest  t-eraperature  is  shown  early  in  the  morning,— 6 
7  A.M. ;  that  it  rises  slowly  during  the  day  t^  reach  its  m&ximt 
in  the  evening,  5  to  7  p.m.  ;  and  falls  again  during  the  night 
difference  between  early  morning  anti  late  afternoon  or  evemnf 
may  amount  to  a  degree  or  more  centigrade,  and  this  fact  mii.**t 
borne  in  mind  by  physicians  when  observing  the  temperature 
patients.  Muscular  activity  and  footl  appear  to  be  the  factors 
are  mainly  responsible  for  the  rise  in  temperature  during  the 
Most  obsen^ei^  state  that  when  the  habits  of  life  are  re^t-ised  fof 
some  time — that  is,  when  work  is  jjerformed  and  meals  are  rai 
during  the  night,  anil  the  day  is  given  up  to  sleep  and  rest — the » 
variation  of  temperature  is  inverted  to  correspond,^ — that  is, 
higliest  temperature  is  observed  in  the  early  morning  and  the 
in  the  late  afternoon.  Age  also  has  a  slight  influence.  Newly 
infants  and  young  children  have  a  somewhat  higher  teni] 
than  adults.  The  difference  may  amount  to  half  a 
a  degree  centigrade.^ — 37,6°  C*  in  infants  as  compared  wili 
36 . 6°  CI  or  37.1°  C.  in  the  adult.  It  is  known,  also,  that  the  !«•*- 
regulating  mechanism  in  infants  and  young  children  is  doI  ^ 
efficient  as  in  adults,  and  that  therefore  febrile  disturbances  am  m^ 
easily  excited  in  the  former  than  in  the  latter.  In  the  matter  id  botr 
temperature,  as  in  so  many  other  characteristics,  aged  peopto  Ao^ 
a  tendency  to  revert  to  infantile  conditions.  Their  tempCfSttsiiV 
according  to  most  observ^ers^  is  slightly  higher  than  in  miclcBeSfc- 

♦  Se©  Langlois,  ''Journal  de  physiologic  et  de  pathol  g^^nl*/*  W^^ 

249. 
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jDong  physiological  conditions  that  influence  the  body  tempera- 
ire,  muscular  work  and  meals,  as  stated  above,  have  the  most  posi- 
ve  effect.  Marked  muscular  activity  implies  a  great  increase  in 
le  production  of  heat  in  the  body  and  most  observers  find  that 
le  initial  result  at  least  is  a  small  rise  in  body  temperature, — a  fact 
hich  indicates  that  the  heat  regulation  is  not  perfect;  the  excess 
:  heat  produced  is  not  dissipated  promptly.  In  the  period  of  rest 
allowing  upon  work,  on  the  contrary,  the  body  temperature  may 
til,  owing  probably  to  the  fact  that  more  heat  is  lost  through  the 
Lij^ed  skin  than  is  produced  within  the  body.  In  this  matter  of 
le  effect  of  muscular  work  individual  variations  are  to  be  expected, 
nee  the  perfection  of  the  heat-regulating  mechanisms  may  vary'^ 
imewhat  in  different  persons.  Meals  also  cause  a  slight  rise  in 
ady  temperature,  which  reaches  its  maximum  about  an  hour  and 
half  after  the  ingestion  of  the  food.  The  explanation  in  this  case 
flo  is  to  be  found  doubtless  in  a  greater  production  of  heat,  due  to 
le  increased  metabolism  in  the  secreting  glands,  the  liver,  and  the 
Lusculature  of  the  gastro-intestinal  canal .  The  excessive  production 
'  heat  is  not  compensated  completely  by  a  corresponding  increase  in 
le  heat  dissipated.*  It  is  sufficiently  obvious,  perhaps,  from  these 
icts  that  the  temperature  as  measured  by  the  thermometer  is  a 
ftlance  between  the  amount  of  heat  produced  and  the  amoimt  of 
sat  lost  or  dissipated.  The  thermometer  alone  gives  us  no  cer- 
iin  indication  of  the  quantity  of  heat  produced  in  the  body.  A 
smi)erature  higher  than  normal,  fever  temperature,  may  be  due 
ther  to  an  excessive  production  of  heat  or  to  a  deficient  dissipa- 
on.  To  understand  and  control  the  processes  by  which  the  body 
»inperature  is  kept  normal  it  is  necessary  to  discover  a  means  for 
icertaining  at  any  time  the  actual  quantities  of  heat  produced 
ad  dissipated,  and  the  effect  upon  each  factor  of  different  normal 
id  pathological  conditions.  The  method  used  for  determining 
le  quantity  of  heat  is  designated  as  calorimetry.  It  is  necessary, 
lerefore,  to  describe  the  principle  and  construction  of  calorimeters 
id  the  methods  of  calorimetry  before  attempting  to  explain  the 
lechanism  of  heat  regulation. 

Calorimetry. — ^A  calorimeter  is  an  instrument  for  measuring 
le  quantity  of  heat  given  off  from  a  body.  The  unit  employed  in 
lese  determinations  is  the  calorie, — that  is,  the  amount  of  heat 
ecessary  to  raise  1  gm.  of  water  1°  C.,or  more  accurately  the  amount 
F  heat  required  to  raise  1  gm.  of  water  from  15°  to  16°  C.  This 
nit  is  sometimes  designated  as  a  small  calorie  to  distinguish  it 
om  the  large  calorie  (C), — that  is,  the  quantity  of  heat  necessary 
>  raise  1  kgm.  of  water  1°  C.    The  large  calorie  is  equal  to  1000 

*  For  further  details  see  Richet,  "  La  chaleur  animale, "  1889 ;  and  Pem- 
r^y,  *' Animal  Heat,"  Schaefer's  "Text-book  of  Physiology,"  vol.  i,  1898. 
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small  calories*  In  physiology  calorimeters  have  been  used  for  t«tj 
mahi  piir]X)ses:  to  determine  the  heat  equivalent  of  foods  ,-*tlati 
the  amount  of  heat  given  off  when  the  various  foodstuffs  are  bu 
— and,  secondly,  to  determine  the  heat  produced  and  the  beat  < 
pated  b\'  living  animals  during  a  given  period.  For  the  fint  puf*^ 
pose  the  appamtiis  that  is  most  frequently  employed  at  praem  !• 
the  Ijomb  calorimeter  de\^ised  by  Berthelot.  Tlie  bomb  coaattm 
of  a  strong  st^el  cylinder  in  which  the  food  to  be  burned  ii  phcfd 
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W\s.  300. — Heiohert's  water  calonmeCer. 


and  which  is  filled  with  oxygen.    The  combustion  of  the  f( 

is  initiated  by  means  of    a  spiral  of  platinum  wire  heated  ^  ^ 
electrical  current.     The  bomb  is  immersed  in  water  and  the  h"*'! 
given  off  raises  the  water  to  a  measured  extent  of  temperati 
The  weight  of  water  being  known,  the  amount  of  heat  \&  c»s 
expressed   in   calories.     For  the  purpose  of  measuring  the 
given  off  by  living  animals  two  principal  forms  of  catorimettf  tf* 
used,  each  form   having  a  number  of  modiiicattons.    Tliese  ^ 
forms  are  the  water   calorimeter  and  the  air  calorimeter.   *n* 
water  calorimeter  was  the  form  used  in  the  first  experimenta 
ord  (Crawford.  1779).     In  principle  it  consists  of  a  doubl 
box  with  a  kno\^Ti  weight  of  water  between  the  walls.    The 
is  placed  in  the  inner  lx>x  and  the  heat  given  off  is  absorbed 
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ir.  Knowing  the  weight  of  the  water  and  how  much  its  tem- 
ture  is  raised,  the  data  are  at  hand  for  determining  the  number 
alories  given  off  during  the  experiment.  One  form  of  this 
Jty  of  calorimeter,  used  in  this  country  by  Reichert,  is  shown 
ig.300.  It  consists  of  two  concentric  boxes  of  metal  with  a 
3  between  them  of  about  1^  inches.  The  animal  is  placed 
8  inner  box  (A).  The  two  boxes  are  inclosed  in  a  large  wooden 
the  space  between  the  metal  and  wooden  boxes  being  filled 
shavings  (SH).  The  object  of  this  outer  box  is  to  prevent 
tion  of  heat  from  the  metal  boxes.  The  tubes  EN  and  EX, 
1  lead  into  the  interior  chamber  containing  the  animal,  are  for 
entrance  and  exit  of  the  ventilating  air.  A  thermometer  is 
d  in  each  to  determine  the  heat  carried  off  by  the  air.  The 
IOmeter,  CT,  measures  the  temperature  of  the  water,  and  S  is 
Ter  to  keep  the  water  well  mixed  and  thus  insure  a  imiform 
erature.  When  the  animal  is  placed  in  the  apparatus  the 
given  off  warms  not  only  the  water,  but  also  the  metal;  so 
bo  determine  the  total  heat  the  weight  of  metal  must  be  re- 
l  to  an  equivalent  amount  of  water  by  multiplying  its  weight 
J  specific  heat,  or,  a  more  simple  method,  the  ccdorimetric  eguiv- 
of  the  apparatus  is  determined, — ^that  is,  the  actual  amount  of 
necessary  to  raise  the  temperature  of  the  apparatus,  water  and 
1,  one  degree.    This  value  is  obtained  by  burning  in  the  appa- 

a  known  weight  of  some  substance  (alcohol,  hydrogen)  whose 
of  combustion  is  known.  Knowing  how  much  heat  is  given 
y  this  combustion  and  how  much  the  temperature  of  the 
ratus  is  raised,  the  calorimetric  equivalent  is  easily  calcu- 

and  may  be  used  subsequently  in  estimating  the  results  ob- 
d  from  animals.     In  the  use  of  the  apparatus  many  precau- 

must  be  observed.  These  practical  details  need  not  be  des- 
i  here  except  to  say  that  account  must  be  taken  of  the  warm- 
f  the  air  used  to  ventilate  the  apparatus  and  of  any  changes 
e  amount  of  its  moisture.  The  calorimeter  used  in  this  way 
Ures  directly  the  amount  of  heat  given  off  from  the  animal 
g  the  period  of  observation.  The  amount  of  heat  produced  in 
.nimal's  body  during  this  time  may  be  the  same,  or  may  be 

or  less.     To  arrive  at  a  knowledge  of  this  factor  observations 

be  made  upon  the  animaFs  body  temperature  by  means  of  a 
Ckometer  in  the  rectum.  If  this  body  temperature  is  the  same 
B  end  as  at  the  beginning  of  the  experiment  then  it  is  obvious 
the  heat  produced  must  h^ve  been  equal  to  the  heat  lost.  If 
i-nimars  body  temperature  has  fallen,  then  it  is  evident  that 
^eat  has  been  produced  than  was  lost.  To  ascertain  how  much 
the  weight  of  the  animal  is  multiplied  by  its  specific  heat  (0.8) 
duce  it  to  so  much  water,  and  this  product  is  multiplied  bv  the 
59 


930 


NUTRITION    AND    HEAT    REGULATION. 


difference  in  body  temperature  at  the  beginning  and  the  end  gf  the 
experiment.  The  product  is  obtained  in  calories  and  is  aubiracted 
from  the  amount  of  heat  lost,  as  determineil  by  the  calorimeter,  to 
obta*m  the  amount  of  heat  produced.  If,  on  the  contrar>',  theaoH 
mal*s  temperature  has  risen  during  the  experiment  the  bodv  his 
produced  more  heat  than  it  has  dissipated.  The  increase  may  be 
determined  as  above  by  multiplying  the  weight  of  the  anima],  the 
specific  heat  of  the  body,  and  the  difference  in  temperature.  TTiia 
amount  addetl  to  the  heat  lost  gives  the  heat  prc>duced. 

Many  investigators  have  used  some  form  of  air  calorinirt*' 
An  air  calorimeter  consists  e.ssentially  of  a  double-walled  chamN 
or  box  with  iur  between  the  walls.  The  animal  is  placed  in  i 
inner  box  and  the  heat  given  off  is  measured. by  the  expaiirion^ 
the  air  between  the  walls.     Many  different  forms  are  used,  prefei 
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Fig.  :iOL — lyAraon vol's  differantul  cBlcmmeter. 


ence  being  given  to  some  modification  of  the  differential  air  cab" 

rimeter  In  this  last-named  instrument  two  exactly  siniilArehambcfS 

are  constructed ;  one  contains  the  animal  wMle  the  other  serves  ii  a 

dummy.     These  two  chamljers  are  balanced  against  each  otbfft 

the  air  space  in  the  dummy  being  heated  by  immerEion  in  a  hatiiar 

by  burning  hydrogen  in  the  interior.    As  these  sources  of  heat  art 

known  and  can  he  controlled,  it  is  evident  that  if  the  dumisy  ii 

made  to  balance  exactly  the  chaml>er  containing  the  animal  to 

amount  of  heat  given  off  in  each  is  the  same.    The  principle  irf  tk 

differential  calorimeter  is  represented  in  Fig.  301,  which  gi%'«  » 

schema  of  the  form  originally  employed  by  d'ArssonMil;  SandS'' 

represent  the  two  calorimeters,  in  one  of  %vhieh  the  animal  is  placiil 

while  the  other  acts  as  dummy.     Each  is  double  walled  ami  tk 

air  spaces  are  connected  by  tubes,  10  and  10',  to  small  gasomrtA 

4,  4',  suspended  in  water  and  hung  on  opposite  sides  of  a  halaaw- 

The  movements  of  these  gasometers  antagonize  each  other,  ao^  to 

resultant  may  be  recorded  upon  smoked  paper,  as  indicated  in  to 

figure* 

♦  For  detailed  accounts  of  s()eciaJ   fomus  of  air  calorimeters 
"  Calorimetriflche  Mcthodlk/'  1891;  and  Rosenthal,   '^i^chiv  f. 
181*7,  p.  170. 
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The  Respiration  Calorimeter, — ^When  a  calorimeter  is  so  arranged 
bskt  the  composition  of  the  air  drawn  through  the  apparatus  for 
rentilation  can  be  determined  as  well  as  the  amount  of  heat  pro- 
lucedy  the  apparatus  becomes  a  respiration  calorimeter.  In  such 
ji  apparatus,  if  proper  provision  is  made  for  analyzing  the  urine, 
he  feces,  and  the  food,  the  total  carbon  and  nitrogen  excretion  may 
le  obtained  simultaneously  with  the  heat  loss.  Since  we  may 
alculate  from  the  carbon  and  nitrogen  excretion  how  much  pro- 
ein,  fat,  and  carbohydrate  have  been  burnt  in  the  body,  and  since 
he  heat  values  of  these  constituents  are  known,  it  is  evident  that 
ve  may  reckon  indirectly  how  much  heat  ought  to  be  produced 
rom  the  combustion  of  so  much  material.  This  method  of  arriv- 
Qg  at  the  heat  production  is  designated  indirect  calorimetry.  With 
ji  adequate  respiration  calorimeter  it  is  possible  to  ascertain 
irhether  the  results  calculated  by  the  method  of  indirect  calorim- 
try  really  correspond  with  the  heat  obtained  by  direct  measure- 
aent.  In  the  hands  of  good  observers  the  correspondence  is 
•^eiy  close,  and  gives  substantial  proof  of  the  scientific  belief 
hat  in  the  living  body  the  energy  liberated  as  heat  or  as  heat 
riid  work  is  all  contained  in  potential  form  in  the  foodstuffs 
aten.  By  means  of  the  respiration  calorimeter  we  can  obtain  a 
glance  between  the  energy  income  and  outgo  of  the  body  as  well 
s  between  the  material  income  and  outgo, — ^that  is,  the  carbon  and 
litrogen  equiUbrium.  The  most  complete  and  elaborate  form  of 
espiration  calorimeter  used  is  that  devised  by  Atwater  and  Rosa  for 
ixperiments  upon  man.*  Considered  as  a  calorimeter  the  appara- 
us  used  by  these  investigators  belongs  to  the  type  of  water  cal- 
irimeters.  Instead,  however,  of  having  a  stationary  stratum  of 
irater  to  be  warmed  by  the  heat  given  off  from  the  body,  the  appara- 
118  is  arranged  so  that  a  stream  of  water  may  be  circulated  between 
he  walls,  and  this  stream  is  so  regulated,  as  to  quantity  and 
emperature,  as  to  keep  the  temperature  of  the  calorimeter  as  a 
onstant  point.  In  other  words,  the  heat  given  off  from  the  body 
3  carried  away  by  the  circulating  water,  and  the  quantity  of  the 
leat  may  be  calculated  when  the  temperature  and  amount  of  the 
^ater  are  known.  By  means  of  this  apparatus  many  interesting 
nd  important  experiments  have  been  made  upon  the  nutrition 
f  man  under  different  physiological  and  pathological  conditions, 
nd  it  seems  probable  that  it  will  supplant  entirely  the  earlier 
orms  of  calorimeter  described  in  the  preceding  pages.  As  an 
ddication  of  its  sensitiveness  the  following  result  may  be  quoted 
>f  observations  made  upon  a  man  who,  while  in  the  apparatus,  did 
nuch  muscular  work  on  a  bicycle  ergometer: 

♦  See  Atwater  and  Rosa,  Bulletin  63,  United  States  Department  of  Agri- 
ulture,  1899;  and  for  recent  improvements,  Atwater  and  Benedict,  "A  Respi- 
Btion  Calorimeter,"  Carnegie  Institution,  Washington,  1905. 
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Income:  Potential  energy  of  material   metaboliaed   in   body 

Outeo    /  I^ner^y  givea  off  from  the  body  a^  heat, . . ,  4833  Cal 

*     1  Heat  equi^-alent  of  muscular  work 6Q2  Cal 
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Experimental  error. 
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Results  of  Calorimetric  Measurements. — ^The  actual  msah 
obtained  from  direct  (calorimetric  measurements  corroborate  ihose 
deduced  from  the  study  of  the  energy  given  off  in  the  oxidatioa  vi 
the  foodstuffs  of  the  daily  diet.  They  show  that  man  gives  off  belt 
from  hi8  body  to  the  amount  of  40  to  50  Calories  per  kpu. 
weight  <lurjng  24  hours  under  conditions  of  ordinarj'  life, 
total,  therefore,  of  2400  to  3000  Calories  per  day  for  an  individull' 
weighing  60  kgms.  This  amount  Is  increased  greath^  untitf 
conditions  demanding  much  muscular  work.  This  loas  erf  beit 
is,  of  course,  made  good  by  the  production  of  an  ^ual  aiwtmd 
within  the  body  by  the  oxidation  4>f  the  food  Uiaterial.  Actiul 
experiments  upon  different  animals*  show  that  small  aaimal? 
produce  more  lieat  in  proportion  to  their  weight  than  larger  atiimAis 
of  tlie  same  species,  owing  to  their  relatively  larger  surface  and* 
therefore,  greater  Inss  of  heat.  This  fact  h;is  be*n  ex 
Rubner  in  what  he  calls  his  "surface  area  law,*^  A^ 
this  law  the  metabolism  is  proportional  to  the  surface  areii 
for  the  same  amount  of  surface  area  there  will  be  the  same  p 
duction  of  lieat.  He  estimates  that  in  nu«i  there  is  produced  m 
24  hours  for  each  square  meter  of  surface  1042  cal.  The  figare» 
for  other  mammals  are  nearly  the  same.  In  small  animab  'rf, 
a  given  species  in  which  the  surface  area  Is  greater  relativdy 
the  iiiitss  than  in  the  larger  aninjals,  the  metal>cilism  per  kil 
of  \reight  will  he  larger^ — for  example,  in  the  human  infant 
pared  with  the  itdult. 
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HEAT  REGULATION. 

From  a  general  standpoint  the  most  important  probleni  thattl* 
physiologist  has  to  stud}'  is  the  means  hy  which  the  heat  prodoctitfi 
and  heat  loss  are  so  regidated  as  to  maintain  a  practic4ill>*  eonstinl 
body   temjjeratiire.     Experiments  show   that   the  "       sta^i 

heat  regi dation  is  ver\"  com plcx  and  is  two-sided, — 1 1 .  <  boiK 

possesses  means  of  coTitrnliing  the  loss  of  heat  as  well  as  ihe  prodtw^ 
tion  of  heat,  ami  under  the  conditions  of  normal  life  both 
are  userh 

Regulation  of  the  Heat  Loss* — Heat  is  regidarly  loel  fn 
bodies  in  a  nnnilier  of  different  ways,  which  may  In*  cbttwfkd  * 
follows : 

*Sep  Rubner,  "  Zeitsi-hrift    f.  BlobKii*,''  19,   \Vi,  IS83;   and  "  Gf«<«. 
dea  EiH'rKievt'rbraurhfi,"  H>02. 
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1.  Through  the  excreta,  urine,  feces,  saliva,  which  are  at  the  temperature 

of  the  body  when  voided. 

2.  Through  the  expired  air.     This  air  is  warmer  than  the  inspired  aii% 

and,  moreover,  is  nearly  saturated  with  water-vapor.  The  vaporizar 
tion  of  water  requires  heat,  which  is,  of  course,  taken  from  the  body 
supply.   Each  gram  of  water  requires  for  its  vaporization  about  0.5  cal. 

3.  By  evaporation  of  the  sweat  from  the  skin.    The  amount  lost  in  this 

way  mcreases  naturally  with  the  amount  of  sweat  secreted. 

4.  By  conduction  and  especially  by  radiation  of  heat  from  the  skin. 

The  relative  values  of  these  different  means  of  heat  loss  are 
estimated  as  follows  by  Vierordt: 

1.  By  urine  and  feces 1.8  per  cent,  or       48  calories. 

2.  By  expired  air:  Warming  of  air 3.5        "        "         84 

Vaporization  of  water  from  lungs 7.2        "        "       182 

3.  By  evaporation  from  skin 14.5        "         "       364 

4.  By  radiation  and  conduction  from  skin 73.0        "        ''     1792 

Total  daily  loss =2470 

It  is  obvious  that  the  relative  importance  of  these  factors  will  vary 
with  conditions.  Thus,  high  external  temperatures  will  tend  to 
diminish  the  loss  from  radiation  while  increasing  that  from  evapora- 
tion, owing  to  the  greater  production  of  sweat.  The  variation 
in  this  respect  is  well  illustrated  by  the  following  table,  compiled 
by  Rubner,  from  experiments  made  upon  a  starving  dog:'*' 


Temperature. 

Calories  lost  by  imdiar 
tion  and  conduction. 

Calories  lost  by 
evaporation. 

Total  calories  of 
metabolism. 

16** 
20* 
25* 
30* 

78.5 
55.3 
45.3 
41.0 
33.2 

7.9 

7.7 

10.6 

13.2 

23.0 

86.4 
63.0 
55.9 
54.2 
56.2 

It  will  be  noted  that  between  25®  and  30**  C.  there  was  a  marked 
increase  in  the  loss  of  heat  through  evaporation. 

In  man  loss  of  heat  is  regulated  chiefly  by  controlling  the  impor- 
tant factors  of  evaporation  and  radiation.  We  accomplish  this  end  in 
part  deliberately  or  voluntarily  by  the  use  of  appropriate  clothing. 
Clothing  of  any  kind  captures  a  layer  of  warm  and  moist  air  between 
it  and  the  skin  and  thus  diminishes  greatly  the  loss  by  evaporation 
and  by  radiation.  In  cold  weather  the  amount  and  character  of  the 
clothing  is  changed  in  order  to  diminish  the  heat  loss.  The  ideal 
clothing  for  this  purpose  is  made  of  material,  such  as  wool,  which, 
while  porous  enough  to  permit  adequate  ventilation  of  the  air  next 
to  the  skin,  is  at  the  same  time  a  poor  conductor  of  heat  and  thus 
diminishes  the  main  factor  of  loss  by  radiation.  The  most  impor- 
tant means  of  controlling  the  heat  loss,  however,  is  by  automatic 

♦Taken  from  Lusk,  "Elements  of  the  Science  of  Nutrition/'  Philadel- 
phia, 1906. 
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reflex  control  through  the  sweat  nerves  and  the  v^as*  >^»^ 

By  these  means  the  amount  of  penspiration  evap^jr  t^^ 

skin  and  the  amount  of  warm  blood  sent  through  the  skin  m 
controlled.  Rubner  speaks  of  this  side  of  the  heat  rejeulilk* 
as  the  phif»icxil  regulation.  By  its  means  the  body  may  bestir 
guarded  from  an  abnormal  rLse  of  temperature.  In  warm  wTMb?f 
the  secretion  of  sweat  is  greatly  increased  by  reflex  stinjulatitD 
of  the  sweat  nerves.  The  greater  amount  of  water  requirw  » 
greater  amount  of  heat  to  vaporize  it,  and  thus  the  heat  l«« 
is  increased.  The  value  of  this  control  k  illustrated  by  a  c^ 
recorded  by  Zuntz*  nf  a  man  who  possessed  no  sweat  glands,  b 
summer  this  individual  was  incapacitatecl  fur  W'ork,  since  cveti  * 
small  ile^ee  of  muscular  activity  would  cause  an  increase  in  his 
body  temperature  t(;  -iQ^  or  41  '^  C. 

The  control  through  the  vasomotor  nerves  b  doubtless  evm 
more  imjwrtant.  The  blood-vessels  bring  the  warm  blood  U)  tbi 
skin,  where  it  loses  its  heat  by  conduction  and  especially  by  nwlU- 
tion  to  the  cooler  air.  WTien  the  surrounding  air  is  much  bebw  il^ 
temperature  of  the  body  the  vasoconstrictor  center  is  stirauUtM. 
the  lilood-vessels  in  the  skin  are  constricted,  the  supply  of  w»nn 
blood  to  the  skin  is  diminished,  and  therefore  the  amount  of  heat  kit 
is  less.  The  reflex  in  this  case  may  be  attril>uted  primarily  to  tlie 
action  of  the  cool  air  on  the  cold  nerves  of  the  skin.  The  impubes 
carried  b>^  these  fibers  to  the  nerve  centers  stimulate  the  vasocofr 
strictor  center  or  that  part  of  it  controlling  the  vasomotor  fibers 
to  the  skin.  On  warm  days,  on  the  contrary,  the  blood-vesai* 
in  the  skin  are  dilated  sometimes  to  an  extreme  extent,  tl» 
supply  of  warm  !>lood  is  therefore  increased,  and  more  hni 
is  lost  if  the  air  is  lower  in  temperature  than  the  blood,  Thf 
refiex  in  this  case  may  be  regarded  possibly  as  an  inhibition  of  tin 
vasoconstrictor  center  through  the  warm  nerv^es  of  the  skin,  ^h- 
stances,  such  as  alcohol,  which  cause  a  dilatation  of  the  skin  X» 
sels  also  increase  the  loss  of  body  heat,  in  some  cases  to  a  suffickst 
extent  to  lower  the  body  temperature.  To  a  smaller  extent  ouf 
heat  loss  is  controlled  through  an  acceleration  of  the  biwithifi? 
movements.  The  greatly  increased  respirations  in  muscular  •^ 
tivity  must  airl  somewhat  in  eliminating  the  excess  of  heat  pgofbit*^ 
although  this  factor  must  l>e  much  less  important  than  thesvuliqi 
and  the  flushing  of  the  skin  which  are  produced  reflexly  duro* 
muscular  work.  In  some  of  the  lower  animals — the  dog,  for  i»* 
stance — in  which  the  sweat  nerves  are  absent  over  most  of  tbebodr 
and  in  which  the  coat  of  hair  interferes  with  the  free  to  tf 
radiation,  it  is  fimnd  that  the  loss  through  the  respiratory  chiifin^* 

♦  Zimtz,  ''  Deiit-sche  inedizinal-Zeituiig/*  1903,  Xo.  2a 
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relatively  more  important.  The  panting  of  the  dog  is  a  familiar 
phenomenon.  Richet  has  studied  this  reflex  upon  dogs  and  has 
designated  the  greatly  accelerated  breathing  in  warm  weather  or 
after  muscular  exercise  as  thermic  polypnea  (according  to  Gad, 
tachypnea).  He  assumes  a  special  center  for  the  reflex  situated  in 
the  medulla  and  acting  through  the  respiratory  center.  It  is  a 
curious  fact,  as  shown  by  Langlois,  that  some  reptiles  exhibit  a 
similar  reflex;  when  their  body  temperature  is  raised  to  39°  C.  they 
8how  a  condition  of  marked  polypnea  (rapid  breathing)  the  ap- 
parent object  of  which  is  to  augment  the  loss  of  heat  from  the 
body. 

Regulation  of  Heat  Production. — Heat  production  is  varied 
in  the  body  by  increasing  or  decreasing  the  physiological  oxida- 
tions. This  end  is  effected  in  part  voluntarily  by  muscular  exercise 
or  by  taking  more  food.  Muscular  contractions  are  attended  by 
a  marked  liberation  of  heat  and  it  is  a  part  of  everyone's  experience 
that  by  work  or  muscular  activity  the  effect  of  outside  cold  may  be 
counteracted.  In  the  case  of  food  the  body  bums  promptly  most 
of  the  material  of  a  daily  diet.  By  increasing  the  diet  in  cold 
weather  provision  is  made  for  replacing  the  greater  amount  of 
heat  lost  from  the  body  without  calling  upon  the  tissues  of  the 
body  itself.  In  normal  individuals  this  regulation  is  not,  strictly 
speaking,  voluntary.  Outside  cold  is  most  effective  in  stimulating 
the  appetite  and  thus  leading  us  to  increase  the  diet.  In  this,  as  in 
other  respects,  the  appetite  serves  to  control  the  amount  of  food  in 
proportion  to  the  needs  of  the  body.  The  purely  involuntary  con- 
trol of  heat  production  consists  of  an  involuntary  reflex  upon  mus- 
cular metabolism  and  possibly  in  the  existence  of  a  special  set  of 
heat  centers  and  heat  nerves.  With  regard  to  the  first  effect  we 
have  the  striking  experiments  quoted  by  Pfliiger,*  according  to 
which  a  rabbit  paralyzed  by  large  doses  of  curare  is  no  longer  able 
to  maintain  its  body  temperature  when  the  outside  temperature  is 
changed.  The  rabbit  behaves,  in  fact,  like  a  cold-blooded  animal. 
In  the  calorimeter  it  shows  a  marked  loss  of  heat  production,  and  its 
temperatlue  may  be  made  to  go  up  and  down  with  the  outside 
temperatme.  The  same  result  may  be  obtained  by  section  of  all 
the  motor  nerves, — ^that  is,  section  of  the  spinal  cord  in  the  upper 
cervical  r^on.  Rubner  has  shown  by  calorimetric  experiments 
upon  animals  that  although  the  body  temperature,  as  we  know, 
may  remain  constant  when  the  outside  temperature  is  changed, 
the  heat  production  is  increased  as  the  outside  temperature  is 
lowered.  This  fact  is  well  sho>;v'n  by  the  following  table,  compiled 
by  Rubner,  from  experiments  made  upon  a  fasting  guinea-pig  rf 

♦PflQger  "  Archiv  f.  die  gesammte  Physiologic/'  18,  255,  1878. 
t  Taken  from  Lusk,  loc.  cU. 
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Tflmpfiinlure 

Tempermtura 

Gimnu  of  CO^  elimJB»t«i  fmf^imt 

of  air. 

of  «ium*l. 

and  per  Idlocmm  of  adiidiI 

0.0*  c. 

37.0°  C. 

2.905 

ILl 

37.2 

2.151 

20.8 

37.4 

1.766 

25.7 

37.0 

1.540 

30.3 

37.7 

1.317 

34.9 

38.2 

L273 

40.0 

39.5 

1.454 

From  0'*  to  about  35'^  C.  the  animars  body  temperature  remained 
practically  constant,  hut  the  oxidations  at  the  lower  tempcrttm 
were  over  twice  the  amount  of  those  at  the  higher  tempcfaturr- 
At  about  33^  C-  the  metabolism  of  the  mammal,  accoidijig  to 
Rubner,  is  at  its  minimum.  From  35°  to  40 ^^  C.  the  heat  legulji- 
ting  raechani.sm  in  the  experiments  quoted  broke  down,  in  ihit 
heat  loss  was  prevented  to  such  an  extent  by  the  outside  high 
temperature  that  the  body  temperature  rose  in  spite  of  the 
diminution  in  heat  production*  The  increased  production  of 
heat  in  the  body  in  consequence  of  a  fall  in  external  temperifcttirc 
ijs  a  elmracteristic  property  of  warm-blooded  animals.  Rubner 
designates  this  side  of  the  regulating  mechanism  as  the  ehemucl 
regulaiwn,  and  he  calls  attention,  moreover,  to  the  fact  th^l  io 
mankind,  owing  to  our  custom  of  protecting  the  surface  <>f  tta 
body  by  clothing  and  by  artificial  heat,  chemical  reguUtion 
plays  less  of  a  r61e  than  in  the  lower  animals.  Man,  in  fan, 
keeps  most  of  his  skin  surrounded  by  a  warm  layer  of  m  M 
about  the  temperature  (33°  C.)  at  which  the  metaboliiro.  J* 
affected  by  temperature,  is  minimal*  Cold  baths,  cold  winds, 
and  various  climatic  conditions,  such  as  high  altitudes  mid  «r 
side  conditions,  may  cause  a  marked  increase  in  body  metaboiisra^ 
Joliannson*  has  shown  that  the  increased  oxidations  tb^t  occar 
under  the  influence  of  outside  cold,  as  measured  by  the  CO,  out- 
put, occur  only  when  muscular  tension  is  increased  or  shi^wni 
is  noticed.  We  may  belie%^e*  therefore,  that  the  increased  ondir 
tions  caused  by  cold  are  due  to  motor  reflexes  upon  the  skth^ 
muscles.  These  reflexes  take  place  doubtless  through  the  wdUt 
fibers,  and  lead  to  an  augmented  muscular  tone  or  to  snuifl  cmk 
tractions  (shivering),  according  t4>  their  intensity.  This  W 
accords  with  one'.s  person d  sensations  regarding  the  condition  rf 
las  muscles  in  cold  weather. 

The  Existence  of  Heat  Centers  and  Heat  Nerves.— H>?«" 
ologists  have  luiig  suppi>sed  that  there  may  l>e  in  the  body  a  i^>e^ 
set  of  heat  nen^es  and  heat  centers,  separate  in  their  action  froath^ 
motor,  secretor>%  and  other  efferent  nerves  that  influence  ihtw^ 

*  Johannson,  ''Skandinavisehes  Archiv.  f.  Physi<>tofie,"  7»  I2S,  10** 
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:abolism  of  the  peripheral  organs.  It  is  supposed  that  these  fibers, 
f  they  exist,  when  in  activity  augment  or  inhibit  the  physiological 
oxidations  in  the  tissues,  and  that  this  effect  has  for  its  specific 
ibject  an  increase  or  decrease  in  heat  production,  outside  of  any 
unctional  activity  of  the  tissues.  Bernard  thought  at  first  that 
le  had  demonstrated  the  existence  of  calorific  fibers  in  the  cervical 
ympathetic,  but  it  was  afterward  recognized  that  the  fibers  in 
luestion  are  vasoconstrictors.  Since  that  time  very  numerous 
ocperiments  have  been  made  with  this  object  in  view,  but  it  must 
)e  admitted  that  no  conclusive  proof  has  yet  been  obtained  of  the 
adstence  of  such  a  system.  The  evidence  that  has  been  most  re- 
ied  upon  is  the  effect  of  lesions,  experimental  or  pathological,  of 
lefinite  portions  of  the  brain  or  cord.  The  following  facts  are 
ignificant:  A  number  of  observers*  have  found  that  section  or 
juncture  of  the  brain  at  the  junction  of  medulla  and  pons  causes 
\n  increase  in  heat  production  and  a  rise  of  temperature.  Section 
if  the  cord  in  the  cervical  region  is,  on  the  other  hand,  attended 
isually  by  a  fall  in  body  temperature.  These  experiments  might  be 
iterpreted  to  mean  that  there  exists  in  the  brain  anterior  to  the 
leduUa  a  general  heat  center  of  an  inhibitory  character.  Under 
ormal  conditions  this  center  may  hold  the  lower  heat-producing 
enters  in  check.  When  cut  off  by  section  this  inhibitory  influence 
3  removed  and  ^increase  in  heat  production  and  body  temperature 
esiilts.  A  second  important  fact,  brought  out  by  Ott,t  is  that  in- 
ury  to  the  corpus  striatum  causes  a  rise  in  heat  production  and 
ody  temperature.  This  result  has  been  confirmed  by  many  other 
Eivestigators,  making  use  especially  of  what  is  known  as  the  "heat 
juncture."  In  this  experiment,  made  upon  rabbits,  a  probe  or 
tyle  is  inserted  into  the  brain  so  as  to  puncture  the  corpus  stria- 
um.  The  result  in  the  majority  of  cases  ii3  a  rise  of  temperature 
irhich  may  last  for  a  long  time,  although  the  animal  shows  no  par- 
Jysis  and  apparently  no  other  effect  from  the  operation.  Accord- 
Qg  to  some  observers,^  the  increased  production  of  heat  takes  place 
oainly  in  the  liver,  and  is  due  to  the  oxidation  of  the  glycogen. 
According  to  others  (Aronsohn),  the  increased  production  of  heat 
»cciirs  mainly  in  the  muscles.  The  fever  produced  by  the  "  heat 
)uncture"  seems  to  be  due  essentially  to  an  irritation  of  the  nerv- 
►ufl  system,  and  is  an  experimental  demonstration  of  the  possi- 
)ility  of  fever  arising  from  lesions  of  the  nerve  centers.  White  and 
ithers  have  described  similar  disturbances  of  heat  production  from 
esions  of  the  optic  thalamus.     Heat  centers  have  been  located 

♦See  Wood,  "Fever,**  "Smithsonian  Contributions  to  Knowledge," 
^asWngton,"  1880. 

tOtt,  "Journal  of  Nervous  and  Mental  Diseases,"  1884,  1887,  1888; 
Obo  "Brain,"  1889. 

%  RoUy,  "Deutches  Archiv  f.  klinische  Medicin,"  78,  250,  1903. 
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also  in  the  septum  lucidum,  in  the  eortex,  the  midbrain,  poos, 
medulla.       The  great  amount  of  experimental  work  done 
these  lines  has  been  inspired  doul>tle8s  by  the  hope  of  distxivpruiR 
a  special  heat-regulating  iierv^ons  apparatus?  wliich  if  demanstnted 
would  enable  us  to  explain  the  causation  of  fevers.    In  its  mon 
elaljnrate  form  this  hypothesis  assumes  the  existence  of  jnimiPF 
heat-producing  (thermogenic)  cent<ers  in  the  cord  and  hraio  hm 
which  the  calorific  or  heat  nerv^es  arise.    These  centers  in  txim  ire 
controlled  b>^  regulating  (thermotaxic)  centers  of  an  augiiienttti| 
and  inhibitory  character  in  the  higher  portions  of  the  hmiiL   By 
reflex  influences  upon  these  latter  centers  the  activity  of  the  themo- 
genie  centers  may  be  increased  or  diminished  and  the  ppwluction 
of  heat  in  the  body  controlled.      While  such  an  apparatus  may 
exist,  it  is  nevertheless  tnie  that  the  evidence  in  favor  of  it  so  ftf 
produced  has  faileil  to  convince  the  majority  of  ph\'siologist*,   Tli* 
existence  of  a  special  set  of  heat  nerves,  in  fact,  is  stilJ  uiipro\*e^^| 
Most  physio lo^^ists,  perhaps,  believe  that  variations  in  heat  r^^^^ 
duction  occur,  as  stated  above,  by  alterations  in  the  intensity  of  tk 
oxitlations  in  the  muscles  brought  about  by  reflex  exc  i  Hrouisk 

the  motor  nerve  fillers,  and  that  a  sjjecial  set  of  heat  mdffi 

exist.  We  may  at  present  adopt  the  conserv^ative  view  that  bat 
production  and  heat  dissipation  in  the  body  are  controlled  oot 
by  a  special  heat-regidating  apparatus  composed  of  heat  ccntefs 
and  heat  nerves,  but  by  the  co-oriiinated  acti\ity  of  a  number  <rf 
different  centers  in  addition  to  the  voluntan^  means 
specified.  The  unconscious  regulation  of  the  body  tempefatoiv 
effected  chiefly  through  the  following  centers: 


Heat  dissipation 


I' 


Heat  production  <  ^ 


The  sweat  centers  and  sweat  nervea. 
The  vasocoQstrictor  center  and   the 

nerve  fibers  to  the  skin. 
The  respiratory  center. 
The  motor  nerve  centers  and  the  motor 

to  the  skeletal  muscles* 
The  quantity  and  character  of  the  food  m 

niineil  by  the  appetite. 


Theories  ol  Physiological  Oxidations. — ^Lavoisier  oompai«i 

the  oxidations  in  the  body  to  the  oxidation  of  organie  sufastAlM 
in  combustions  at  high  tem|>erature8.  He  supposed  that  the  lo^ 
lecular  oxygen  unites  tlirectly  witli  the  substances  oxidized  id  out 
case  as  in  the  other.  It  soon  l>ecame  evident,  however,  that  tli 
direct  analogj-  is  not  applicable.  The  material  that  k  o3Pidat(j 
in  the  body— fata,  carbohydrates,  proteins — \b  consumed  with  • 
certain  rapidity,— in  the  case  of  muscular  contractions  wth  grwi 
rapidit}', — and  we  know  that  these  same  materials  out  of  the  both" 
at  a  temperature  of  39*^  G.  are  oxidized  with  extreme  slownns.  h 
became  cuatomarvv,  therefore,  to  speak  of  the  oxidations  in  tbe  boiiy 
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as  indirect,  meaning  thereby  that  the  material  is  not  acted  upon 
directly  by  the  molecular  oxygen.  Within  recent  years  it  has  been 
ahown  that  the  oxidation  in  ordinary  combustions — ^the  burning 
of  gaseous  hydrogen,  for  instance — ^is  not  explained  by  assuming 
that  the  oxygen  unites  directly  with  the  hydrogen.  It  is  stated, 
for  instance,  that  this  combustion  does  not  take  place  if  both  gases 
Bupe  entirely  free  from  water  vapor;  the  presence  of  water  is  necessary 
Tor  the  oxidation.  Chemists  are  not  agreed  as  to  the  exact  nature 
[>f  simple  combustion,  and  it  is  therefore  increasingly  difficult  to 
compare  these  processes  with  the  oxidations  in  the  body.  Leaving 
Euside  the  details  of  the  process,  it  may  still  be  believed  that  tho 
metabolism  of  material  in  the  body  by  means  of  which  its  heat 
energy  is  produced  is  at  bottom  comparable  to  ordinary  combus- 
tions. Oxygen  is  absolutely  necessary  to  the  process  in  each  case; 
the  same  end-products  are  formed  and  the  same  amount  of  heat  is 
liberated  in  the  one  case  as  in  the  other.  The  fundamental  point 
that  the  physiologist  is  attempting  to  solve  is  the  means  by  which 
the  body  accomplishes  these  oxidations  at  such  a  low  temperature. 
The  theories  suggested  to  explain  this  fact  have  changed  naturally 
with  the  advance  of  chemical  knowledge.  After  the  discovery  of 
Dzone  (Schonbein,  1840)  and  its  great  power  of  oxidation  as  com- 
pared with  oxygen  it  was  suggested  that  in  some  way  the  oxygen 
in  the  body  is  ozonized  and  is  thus  able  to  bum  the  food  material. 
Grorup-Besanez  showed  that  some  of  the  oxidations  that  take  place 
in  the  body  can  be  successfully  accomplished  outside  the  body 
with  the  aid  of  ozone,  especially  in  the  presence  of  alkalies  or  alka- 
line carbonates.  Others  suggested  that  the  oxygen  in  the  body  be- 
comes converted  to  atomic  oxygen  and  is  thus  enabled  to  attack  the 
tissue  materials.  Hoppe-Seyler  formulated  a  theory  according  to 
which  the  living  molecule  is  first  split  into  smaller  molecules  by  the 
hydrolytic  action  of  ferments.  In  this  process,  as  in  fermentation,  to 
which  he  compared  it,  hydrogen  is  liberated  in  the  nascent  or  atomic 
state,  and  this  hydrogen  acting  upon  the  oxygen  forms  water  with 
the  liberation  of  some  atomic  oxygen,  which  in  turn  oxidizes  the 
BpUt  products  of  the  fermentation.  Others  still  (Traube)  laid  stress 
upon  the  possibility  of  the  formation  of  hydrogen  peroxid  or 
similar  organic  peroxids  which  are  then  capable  of  effecting  the 
oxidation  of  the  body  material.  This  latter  theory,  in  modified 
form  still  prevails.* 

The  great  amount  of  experimental  and  theoretical  work  upon 
the  nature  and  cause  of  physiological  oxidations  has  established 
pretty  clearly  two  general  beliefs  which  it  is  important  to  keep 
in  mind.    It  has  been  shown,  in  the  first  place,  that  the  amount  of 

♦See  Engler  and  Weissberg,  "Kritische  Studien  iiber  die  Vorg&nge  der 
Autoxydation,*'  1904. 
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the  oxidation  is  governed  by  the  tissue  itself  and  not  by  theqi 
of  oxygen  present.  The  view  that  by  increasing  the  amount  rf 
oxygen  offered  to  the  tissue  the  intensity  of  the  oxidations  can 
likewise  be  increased  was  formerly  held  and  is  still  met  with,  ll 
is  often  supposed,  for  example,  that  by  breathing  pure  ox>*geD  the 
oxidations  of  the  body  may  be  augmented.  On  the  contran',  the 
facts  indicate  that  when  a  Buffieient  supply  of  oxygen  is  provickd 
any  further  increase  has  no  immediate  effect  in  aiding  or  hastemog 
the  oxidations.  The  intensity  of  the  process  is  conditioned  by  the 
tissue  itself.  The  initial  stimulus  or  substance  that  sets  goixi(llK 
whole  reaction  arises  within  the  tissues.  The  second  ge: 
that  seems  to  be  accepted  more  and  more  of  recent  years  is 
oxidations  of  the  body,  those  reactions  that  give  rise  to  much 
do  not  affect  the  living  tissue  itself*  They  take  place  under  the 
influence  of  the  hving  matter,  or  by  the  aid  of  substances  (enrymes) 
formed  by  the  living  matter,  but  the  material  actually  burnt  is  not 
organized  living  substance.  As  the  hving  yeast  cells  break  down 
sugar  in  the  liquid  surrounding  them,  so  the  Uving  tissue  cells  metab- 
olize and  oxidize  the  dead  food  material  contained  in  the  lymjA 
and  tissue  liquid  in  which  they  are  l>athed.  The  opposite  point  d 
view  was  ably  advocated  by  Pfliiger.  This  observer,  in  fact, 
plained  the  myster>^  of  physiological  oxidations  by  assuming 
the  oxygen  together  with  the  food  material  is  synthesized  into 
highly  complex  and  unstable  living  molecules.  The  active  intiv 
molecular  movement  i^ithin  these  molecules  leads  constantly  t4>a 
breaking  down,  a  splitting  off  of  simpler  molecules  which  courti- 
tute  the  products  of  physiological  oxidation.  The  instability  d 
the  molecule  is  due  to  its  size  and  the  activity  of  the  intraznofecolir 
movements,  or,  as  Pfliiger  expressed  it,  "  The  intramolecular  haX 
of  the  cell  is  its  life/'  This  point  of  view,  however,  has  not  found 
acceptance  of  late  years.  It  is  implied  or  stated  by  most  Pecoit 
authors  that  the  food  material  is  attacked  and  oxidized  outside  thr 
living  molecule,  in  the  form  of  fat,  sugar,  protein,  or  rather  in  thf 
form  of  the  intermefliar>^  products  arising  in  the  metabolijism  rtf 
these  substances.  The  tendency  for  many  years  has  been  to  sho* 
that  these  processes  in  the  boiiy  are  chemical  chaoses  that  <io  ntl^ 
differ  fundamentally  from  similar  processes  outside  the  hoif 
The  point  of  view  actually  adopted  l>y  most  workers  is  that  ihe 
living  matter  effects  its  wonderful  changes  in  the  food  material 
making  use  of  intracellular  ferments  or  enzymes  (endo-ennmf^ ' 
That  Kuch  enzjiues  are  formed,  one  may  say,  generally  in  the  te^ 
sues  of  the  boily,  has  been  brought  out  in  tlie  preeetliiig  chapUi^ 
upon  Digestion  and  Nutrition,  It  is  necessary^  only  to  reoJ!  <k* 
facts  that  lipase,  the  fat-splitting  enxyroe,  has  been  isolated  frow 
*  For  litorature,  nfv  Vernon,  "IntnicelluliirEni>*meB,*'  Ixmdon,  IW* 
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many  tissues,  and  that  in  the  liver  and  muscles  and  probably  other 
tissues  there  exist  enzymes  capable  of  converting  glycogen  to  sugar 
or  the  reverse,  and  of  destroying  the  sugar  completely  by  the  serial 
action  of  several  intracellular  enzymes.  Finally,  with  regard  to  the 
protein  material,  it  is  now  recognized  that  proteolytic  enzymes  are 
formed  within  many,  if  not  all,  of  the  living  tissues.  This  point  is 
demonstrated  by  the  fact  of  atUolysiSy — that  is,  if  living  tissue  is 
taken  from  the  body,  with  precautions  against  contamination  by 
bacteria,  and  while  under  perfect  aseptic  conditions  is  kept  warm 
and  moist,  it  will  digest  itself.  The  protein  is  split  up  into  the  same 
simple  hydrolytic  products  as  are  obtained  by  boiling  it  with 
acids.  It  has  been  shown  that  this  digestion  is  due  to  enzymes — 
autolytic  enzymes — formed  within  the  living  tissue.  There  is  no 
doubt,  therefore,  of  the  existence  of  intracellular  enzymes,  and  that 
these  substances  play  a  conspicuous  part  in  the  metabolism  of  food 
material.  The  lipase,  the  diastase,  and  the  autolytic  enzymes 
(proteases)  just  referred  to  all  belong  to  the  group  that  cause 
hydrolytic  cleavages — that  is,  they  induce  splitting  or  decompo- 
sition of  the  material  by  a  reaction  with  water.  The  supposition 
has  naturally  been  made  that  probably  the  oxidations  of  the  body 
are  effected  also  by  enzymes  which  in  some  way  activate  the 
oxygen.  Enzymes  of  this  character  have  been  found;  they  are 
designated  in  general  as  oxidases  or  as  oxidases  and  peroxidases, 
the  former  term  referring  to  those  enzymes  that  effect  oxidations 
in  the  presence  of  oxygen,  while  the  latter  is  applied  to  certain 
enzymes  supposed  to  act  only  in  the  presence  of  petoxids.  Bach 
and  Chodat  have  simplified  this  conception  by  the  hypothesis  that 
all  the  oxidizing  enzymes  of  the  tissues  are  peroxidases,  that  is 
to  say,  substances  which  have  the  power  of  liberating  active  oxygen 
from  hydrogen  peroxide  or  similarly  constituted  organic  peroxides. 
They  assume  that  there  are  present  in  the  tissues  certain  organic 
substances,  designated  as  oxygenases,  which  have  the  property  of 
combining  with  the  oxygen  furnished  by  the  blood  to  form  organic 
peroxides,  and  that  these  peroxides,  under  the  influence  of  per- 
oxidase, give  up  their  oxygen  in  atomic  or  active  form,  which  then 
effects  the  characteristic  physiological  oxidations.  This  view 
can  be  presented  schematically  by  the  following  equations,  in  which 
A  represents  the  oxygenase,  P  the  peroxidase,  and  B  the  tissue 
material  which  undergoes  oxidation: 

A         4-     O2  =     AO2  (organic  peroxide) 

AOj     -f     P     +     B     =     BO     +     AO     +     P. 

According  to  this  view  the  oxidations  in  the  body  are  primarily 
due  to  the  formation  of  the  organic  peroxides,  and  the  mode  of 
action  of  these  peroxides  would  be  represented  outside  the  body  by 
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the  reactions  of  hydrogen  peroxide  (H4J|).    As  a  matter  of  bet 
it  has  been  found  that  many  of  the  characteristic  oxidations  iha; 
occur  in  the  body,  such  iis  the  oxidation  of  the  fatty  adds  il  tin 
j9-carbon  atom  in  the  chain,  the  oxidation  uf  glucose  to  glyeiinmic 
acid,  ete.y  may  be  imitate  outside  the  body  by  oxidation  ^ill^ 
hydrogen  peroxide,   but  not  by  other  oxidizing  agents/    Thi* 
collateral  evidence  gives  impc>rtant  support  to  the  theor5\    (>d 
the  other  hand,  oxidases  or  peroxidases  have  l>€en  discovered  in 
the  blood,  milk,  and  in  various  of  the  tissues  of  the  body,  sucb  35 
the  I>Tnphoc)^ies,  sperm  cells,  etc.f    They  can  be  tested  for  b>'  a 
number  of  reactioms,  chiefly  color  reactions,  such  as  the  bluing  of  a 
tincture  of  guaiacmn  in  the  presence  of  a  peroxide  or  the  coavmm 
of  a  colorless  or  leucobaae  to  a  colored  oxidation  product.    Some  of 
these  oxidases  or  peroxidases  have  been  given  specific  names  in 
accordance  with  the  parti(*uhu"  compounds  whose  oxidation  tlwy 
effect.     For  example,  xantbinoTidase,  which  effects  the  oxidaticiD 
of  h57>oxanthin  and  xauthin  to  uric  acid;  the  glycoh'tic  oxidai?<?<»r 
oxidases,  which  effect  the  oxidation  of  the  intermediarj"  productii 
of  sugar  nietatolism  in  the  tissues;  tyrosinase,  wliich  effects  the 
oxitlation  of  tyrosin.  and  in  this  way  is  supposed  by  many  obsen*m 
to  give  rise  to  various  animal  pigments,  such  iis  melanin;  tk 
aldehjduses,  which  effect  the  oxidation  of  aldehydes  to  their  cor- 
responding acids— salicylic  aldehyd,  for  instance,  to  salicylic  acids. 
This  list  might  he  greatly  extended,  particularly  if  thuee  that  < 
in  the  plants  were  also  considered ^  but  ils  it  is,  it  suffices  perhi 
to  illustrate  the  general  belief  regarding  the  wide-spread  occurrcn 
and  the  specific  properties  of  these  important  substances*  Wlu-r 
formerly,  the  general  belief  among  physiologists  was  that  pbys 
logical  or  ^dtal  oxidations  are  effected  as  part  of  the  mc 
of  the  hviiig  substance,  the  tendency  at  present  is  to  assume  i 
these  oxidations  are  not  effected  directly  by  changes  in  the  Wn 
substance,  but  indirectly,  in  that  the  latter  forms  theise  or 
peroxides  and  peroxidtises  through  whose  interaction  the  ox)i 
is  liberated   in   active  form.      The  oxidations  effected  by  tli 
means  are  the  principal  source  of  the  development  of  heat  in  Xhe 
body — ^they  are  especiidly  exothermic  reactions.     Many  otht^r  of 
the  chemical  changes  of  metal>ohsm,  such  as  the  hyclrolytic  clfAT- 
ages,  liberate  l)ot  little  heat,  and  others  still,  such  as  the  synthest^ 
of  one  kind  or  another  in  which  there  is  a  union  of  compounds  to 
form  more  complex  substances,  may  even  l>e  attend***!  by  a^ 
absorption  of  heat,  that  is,  a  conversion  of  heat  energy  to  Xhetoffff 
chemical  affinity.    The  oxidiising  reactions  constitute,  tha^eforr,^ 

•  Consult  Diikin,  "Oxidations  and  Rethiciions  in  the  Aniinal  Borfjr^  IMi 
t  For  discussion  and  literalurp  roiisuit   Ka^^tle,  "The  O:^^         ^  fc^it^i* 
No.  59|  1910,  Hygirnif  Ltiboralor>',  WasbingtOD,  D.  C. 
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a  large  and  very  characteristic  feature  of  the  metabolism  of  the 
warm-blooded  animals.  The  heat  thus  produced  by  the  oxidation 
of  our  food  material  serves  to  maintain  the  body  temperature  at 
its  normal  high  level.  In  addition  many  physiologists  believe  that 
a  portion  of  this  heat  is  used  in  the  work  of  the  body,  that  is  to  say, 
they  r^ard  the  body  as  a  sort  of  thermodynamical  engine  in  which 
the  energy  of  the  food  is  obtained  first  as  heat,  and  the  heat  is  then 
utilized  in  part  for  the  other  energy  needs  of  the  body.  Others, 
however,  are  unwilling  to  accept  this  view  of  the  body  mechanism, 
and  prefer  to  believe  that  the  chemical  energy  of  the  food  can  be 
utilized  directly  for  the  various  energy  needs  of  the  body  without 
passing  through  the  form  of  heat. 


SECTION  IX. 
THE  PHYSIOLOGY  OF  REPRODUCTION." 


With  the  exception  of  the  phenomenon  of  cofiscKHiaittB,  1 
fact  of  life  excites  ttiore  interest  and  seems  to  offer  greater  diffi- 
culties to  an  adequate  explanation  than  the  function  of  ^ep^o(io^ 
tion.  The  male  cell  {spermatoxoon)  and  the  female  cell  lovm\ 
unite  to  form  a  new  cell  which  thereupon  begins  to  prow  r 
and  produces  an  organism  that  in  all  of  its  manifold  jjecul 
of  structure  and  function  is  essentially  a  replica  of  its  piittriit*. 
The  fundamental  prolilenis  presented  in  this  act  of  reproductwo 
are  those  of  fertilization  and  heredity.  In  the  former  we  murt 
ascertain  why  the  union  of  the  two  cells  is  necessary'  or  adv$iiti- 
geous,  and  the  secret  of  the  stimulating  influence  upon  growth  th*t 
arises  from  this  union.  Under  the  tenn  heredity  we  express  the  obi* 
ous,  yet  mysterious  fact  that  the  fertilizetl  o\Tim  of  each  species dt* 
velops  into  a  structure  like  that  of  its  parentis.  Both  of  tbi?ee  im- 
portant problems  are  essentially  of  a  physiologic^il  character.— thst 
is,  they  deal  with  properties  of  the  li\ing  material  compo^^ing  tk 
reproductive  cells;  but,  at  present,  biological  investigation  »iaaf 
these  lines  is  largely  in  the  morphological  stage,  The  jmrt  of  the b«Ii- 
ject  that  can  be  studied  with  most  success  is  the  structural  ch*ii«* 
that  are  associated  with  fertilization  and  reproduction.  ' 
indeed  w^onderfuL  progress  has  been  made  during  the  last  cc! 
but  it  is  needless  |3erhaps  to  say  that  much  remains  unexptoe^i* 
and  that  in  this,  as  in  so  many  other  problems  of  nature,  the  gf»tff 
our  knowledge  the  clearer  becomes  our  vision  of  the  difficulties  aaJ 
complexities  of  a  final  scientific  explanation.  Outside  these  fwA" 
mental  problems  there  are  other  accessor}*  functions  conuecieA  fr 
instance,  with  the  external  genital  organs  which  in  a  measure  hrtd 
more  immediate  practical  interest.  In  one  way  or  anotbisr  th* 
functions  are  necessary-  or  helpful  to  the  final  union  of  the  ifpn^ 
ducti  ve  cells.  They  form  a  part  of  the  reproductivne  life  which  eoPB* 
more  immediately  under  our  observ^ation  and  control,  and  coo^ 
tute,  therefore,  a  subject  which  has  been  more  aceesaUt  to  i** 
vestigation.  In  the  brief  treatment  given  in  the  folIowiEDf  cki^ 
ters  more  emphasis  is  laid  upon  this  side,  the  accessory  [ 
of  reproduction,  than  upon  the  deeper,  more  fundamental 
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Ums,  in  view  of  the  fact  that  the  accessory  phenomena  are  the  ones 
which  have  at  present  the  greater  practical  interest. 

The  function  of  reproduction  is  often  omitted  from  physiolog- 
ical courses,  and  the  reason  perhaps  is  partly  that  the  structural 
features  and  the  development  of  the  embryo  have  been  assigned  to 
the  department  of  anatomy,  and  partly  because  it  is  a  function 
not  essential  to  the  maintenance  of  the  existence  and  reactions  of 
the  oi^anism.  The  reproductive  organs  might  be  eUminated  en- 
tirely and  the  power  of  the  body  as  an  organism  to  maintain  its 
individual  existence  not  be  seriously  interfered  with.  The  physio- 
logical importance  of  the  reproductive  organs  lies  not  in  their 
co-operation  in  the  communal  life  of  the  various  parts  of  the  body, 
but  in  their  adaptation  to  produce  another  similar  being.  We 
may  explain,  therefore,  the  co-ordinating  mechanisms  of  the 
body  without  reference  to  the  reproductive  tissues,  except  so  far 
as  their  supposed  internal  secretions  affect  general  or  specific 
metabolism. 


CHAPTER  LII. 


PHYSIOLOGY  OF  THE  FEHALE  REPRODUCTIVE 
ORGANS- 

The  Graafian  Follicle  and  the  Corpus  Luteum. — The  functional 
value  of  the  ovary  is  connected  with  the  formation  and  ruptiu^ 
of  the  Graafian  follicles,  whereby  an  oviun  is  liberated.  The  pri- 
mordial follicles  consist  of  an  ovum  surrounded  by  a  layer  of  fol- 
licular epithelimn.  Beginning  at  a  certain  time  after  birth  and 
continuing  throughout  the  period  of  active  sexual  life,  some  of  these 
primordial  follicles  develop  into  mature  Graafian  follicles  and  mi- 
grate to  the  surface  of  the  ovary.  The  change  consists  in  a  pro- 
liferation of  the  follicular  epithelium  and  the  formation  of  a  serous 
liquid,  the  liqiurr  folliculiy  between  the  layers  of  this  epithelium. 
In  the  matured  follicle  there  is  a  connective  tissue  covering,  the 
theca  foUiadif  formed  from  the  stroma  of  the  ovary  and  consisting 
of  two  coats  or  timics — the  external  and  the  internal.  Ther  cells 
in  the  internal  tunic  develop  a  yellowish  pigment  as  the  follicle 
grows,  and  are  sometimes  designated  as  lutein  cells.  Within  the 
capsule  formed  by  the  internal  tunic  there  is  a  layer  of  follicular 
cells  known  as  the  membrana  granulosa  and  attached  to  one  side 
18  a  mass  of  the  same  cells,  the  discus  proligerus — within  which 
the  ovum  is  imbedded.  The  follicular  liquid  lies  between.  This 
liquid  increases  in  amount,  and  when  the  follicle  has  reached  the 
60 
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surface  it  forms  a  vesicle  projecting  to  the  exterior.    This  projectioi 
portion  is  nearly  bloodless  and  thinner  than  the  rest  of  the  wall  of 
the  follicle.     It  is  designated  as  the  stignia.    When  fully  mature 
follicle  ruptures  at  the  stigma  and  the  egg^  together  with  the 
rounding  follicular  cells  of  the  discus  proligerus  and  a  portion  of  tl 
mem  bran  a  granulosa,  is  extnided^  the  egg  being  received  into  t) 
open  end  of  the  Fallopian  tube.    According  to  Clark,*  the  rupture 
the  follicle  is  lirought  about  by  an  increa^sing  vascular  coi 
of  the  ovary.     The  tension  within  the  ovary  is  thereby  inci 
the  follicle  is  forced  to  the  surface,  and  the  circulation  at  the  mort 
projecting  portion  is  interfered  with  to  such  an  extent  b&  to  ca-i 
necrotic  changes  at  the  stigma,  at  w^hich  rupture  finally  occurs,   A/1 
the  bursting  of  the  follicle  its  walls  collapse,  and  the  central  cavi 
receives  also  some  blood  from  the  ruptured  vessels  of  the 
Later  on  the  vesicle  becomes  tilled  with  cells  containing  a  yel! 
pigment.     These  cells  increxise  rapidly  and  form  a  festoonetl  i)Oi 
of  increasing  thickness  around  the  central  blood  clot.     The  vii 
at  this  stage,  on  account  of  the  yellow^  color  of  the  new  cells, 
knowTi  as  a  corpus  lut^um.     The  structure  thus  formed  m 
in  size  for  a  period  and  then  undergoes  retrogressive  chai^ges  ani 
is  finally  completely  absorbed .     The  diu*ation  of  the  period  of  gn: 
and  retrogression  varies  according  as  the  egg  liberated  becoi 
fertilized  or  not.     If  fertilization  does  not  occur,  as  \s  the  ctet 
the  usual  monthly  periods,  the  corpus  luteum  reaches  its  maximi 
size  within  two  to  three  weeks  and  then  begins  to  be  ab^irtied 
It  is  frequently  designated  imder  these  circumstances  as  the  f»l« 
corpus  luteum  (corpus  luteum  spurium)  or  corpus  luteum  of  men- 
struation.    In  case  the  egg  is  fertilized  ami  the  woman  beooiaei 
pregnant  the  life  histor}^  of  the  corpus  luteum  is  much 
Instead  of  undergoing  absorption  after  the  third  w^eek  it  eontini 
to  increase  in  size  by  multiplication  of  the  lutein  cells  during 
first  few  months  of  pregnancy,  and  does  not  show  ret 
changes  until  the  sixth  month  or  later.     The  total  size  of  the  corpui 
in  such  cases  is  much  larger  than  in  menstruation,  and  it  wasde^ 
ignated,  therefore,  by  the  older  wTiters  as  the  true  corpus  luteum 
(corpus  luteum  venim)  or  corpus  luteum  of  pregnancy.    lAte 
observers  agree  that  there  is  no  essential  difference  in  stnictiiff 
between  the  tnie  and  the  false  corpus  luteum,  although  the  torwei 
has  a  longer  history  and  attains  a  greater  size,      llie  point 
greatest  stnictural  interest  in  the  corpus  luteum  is  the  origin  of 
yellow^  (hitcin)  cells.     Histologists  have  been  and  still  are  di' 
upon  this  point;  some  believe  that  they  arise  from  the  cells  of 
membrana  granulosa,  others  that  they  come  from  the  conneeri^ 
tissue  cells  in  the  internal  capsule  (theca  interna)  of  the  foffidt- 
♦Clurk,  "Johns  Hopkins  Hospital  Reports,  '  7,  181,  ISSft, 
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The  majority  of  writers  seem  to  favor  the  latter  view.*  Regarding 
the  physiological  importance  of  the  corpus  opinions  also  differ. 
Some  r^ard  it  as  simply  a  protective  mechanism  by  means  of 
which  the  empty  space  in  the  follicle  is  filled  up  by  a  tissue  which  is 
afterward  easily  absorbed;  instead  of  by  scar  tissue.  Others,  how- 
ever,  attribute  to  the  lutein  cells  secretory  functions  of  the  most 
important  character  in  connection  with  the  subsequent  develop- 
ment of  the  egg  and  the  activities  of  the  uterus.  Some  reference 
will  be  made  to  these  views  farther  on. 

Menstruation. — ^The  attainment  of  sexual  maturity  or  puberty 
is  marked  by  a  niunber  of  visible  changes  in  the  body,  but  in  the 
female  the  characteristic  change  is  the  appearance  of  the  men- 
strual flow  from  the  uterus.  The  age  at  which  this  phenomenon 
occurs  shows  many  individual  variations,  but  the  average  for 
temperate  climates  is  given  usually  at  14  to  15  years.  In  the 
warmer  countries  the  age  is  earlier, — ^8  to  10  years, — and  in  the  cold 
regions  somewhat  later, — 16  years.  The  racial  characteristic  in 
this  respect  is  said  to  be  maintained,  however,  after  generations  of 
residence  in  countries  of  a  different  climate,  as  is  illustrated  by  the 
relatively  early  appearance  of  menstruation  among  Jews  even  in 
the  colder  countries.  After  the  phenomenon  appears  it  occurs  at 
r^ular  intervals  of  28  days,  more  or  less,  and  hence  is  known  as 
the  monthly  period,  menses,  menstruation,  or  catamenia.  The 
interval  is  not  absolutely  regular,  and  shows  many  individual 
variations  within  limits  which  may  be  placed  at  20  to  35  da,y8. 
Absence  of  the  menstrual  flow  is  designated  as  a  condition  of  amen- 
orrhea. Certain  premonitory  symptoms  usually  precede  the 
appearance  of  the  menses,  such  as  pains  in  the  back  or  head  or 
a  general  feeling  of  discomfort,  although  in  some  cases  these  symp^ 
toms  are  absent.  When  these  premonitory  symptoms  are  unusually 
painful  or  serious  and  the  flow  is  difficult  or  irregular  the  condition 
is  designated  as  dysmenorrhea.  The  flow  begins  with  a  dischai^e  of 
mucus,  which  later  becomes  mixed  with  blood.  The  quantity  of 
blood  lost  is  subject  to  individual  variations,  but  it  may  amount  to 
as  much  as  100  to  200  gms.  The  flow  continues  for  3  or  4  days 
and  then  subsides.  Under  normal  conditions  this  phenomenon 
occurs  regularly  throughout  sexual  life, — that  is,  during  the  period 
in  which  conception  is  possible.  If  fertilization  occurs  the  flow 
ceases  normally  during  pregnancy  and  the  period  of  lactation.  At 
the  forty-fifth  to  the  fiftieth  year  the  flow  disappears  permanently, 
and  this  change  marks  what  is  known  as  the  natural  menopause, 
elimacteric,  or  change  of  life.  The  change  is  sometimes  abrupt, 
iometimes   very    gradual,   being    preceded    by    irregularities   in 

♦  For  discussion  and  literature  see  Marshall,  "The  Physiology  of  Repro- 
duction," London,  1910;  and  Loeb,  "  Jouraal  of  the  American  Me£cal  Associa- 
tion," 1906,  xlvi.,  416. 
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mens t mat  ion  t  and  it  is  not  infrequently  associated  with  psychicalj 
and  physical  diyturljances  of  a  serious  character.     If  at  any  Un 
during  sexual  life  the  ovaries  ;ire  completely  removed  by 
operation  menstruation  is  brought  to  a  close,  this  conditioa ' 
designated  as  artificial  menopause. 

Structural  Changes  in  the  Uterus  During  Menstruation.— Uc 
struation  is  a  phenooienon  of  the  uterus.  The  lining  mucous  i 
brane,  the  eodometriumj  in  I  he  period  of  four  or  five  da}^  piwedinf 
the  flow,  becomes  rapidly  thicker  and  its  superficial  layers  are  ccm- 
gested  with  blood,  and  indeed  in  places  small  collections  of  Uood 
may  be  noticed.  Opinions  differ  very  much  as  to  the  change  uade^ 
gone  by  this  thickened  membrane  during  the  flow.  According  to 
some  authors,  most  of  the  membrane  is  thrown  off  and  the  blood 
escapes  from  the  denuded  surface  mLxed  with  pieces  of  the  mem- 
brane. According  to  others^  no  material  destruction  of  the  menh 
brane  occurs,  the  blood  that  escapes  being  due  to  small  capilUiT 
extravasations  or  perhaps  mainly  to  a  process  of  diapedesis.  It 
would  seem  that  the  amount  of  destruction  of  the  endometrillin 
must  be  siibject  to  individual  variations.  After  the  cess&lioii  d 
the  flow  the  mucous  membrane  is  rapidly  repaired  by  regeoetBti\t 
changes  in  the  tissues;  the  surface  epitlielium,  if  denuded,  is  »• 
placed  by  proliferation  of  the  cells  lining  the  uterine  glands  ind 
the  thickened,  eilematous  condition  of  the  membrane  rapidly  sub- 
sides during  a  period  of  sbc  or  seven  days.  WTiile  the  escape  d 
blood  takes  place  only  from  the  surface  of  the  uterus,  the  oUief 
reproductive  organs — the  ovar}%  the  Fallopian  tubes,  and  even  tht 
external  genital  organs — share  to  some  extent  in  the  vascular  coo* 
gestion  exhi!>ited  by  the  uterus  during  the  period  piecedmg  tht 
menstrual  flow.  The  mucous  membrane  of  the  uterus  naay  be  mH 
to  exhibit  a  constantly  recurring  menstrual  cycle  which  faUi  into 
four  periods:  (1)  Period  of  groi^lh  in  the  few  (5)  da^ys  prooediqf 
menstruation,  characterized  by  a  rapid  increase  in  the  strami, 
blood-vessels,  epithelium,  etc.,  of  the  membrane.  (2)  The  ©»• 
struation  or  period  of  degeneration  (4  da>^),  during  whid  tbi 
capillary  hemorrhage  takes  place  and  the  epithelium  suffers  <te- 
generative  changes  and  is  cast  off  more  or  less,  (3)  The  perioi  « 
regeneration  (7  days),  during  which  the  mucous  membrane  retuiBi 
to  its  nonnal  size,  (4)  The  period  of  rest  (12  days),  during  whiA 
the  endometrium  remains  in  a  quie^^cent  condition. 

The  Phenomenon  of  Heat  (CEstrus)  in  Lower  MammAli*— 
The  phenomenon  known  as  heat  in  lower  mammals  reeembJe*.  ^^ 
many  essential  respects,  menstruation  in  human  beings,  and  ih^ 
may  l>e  regarded  as  homologous  functions.  He^t  is  a  perioii  d 
sexual  excitement  which  occurs  one  or  more  times  during  the  y^ 
and  during  which  the  female  will  take  the  male.    The  condftioi_ 
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lasts,  as  a  rule,  for  several  days,  and  in  the  female  is  accompanied 
by  changes  which  resemble  those  of  menstruation.  The  external 
genital  organs  become  swollen  and  in  many  animals  there  is  a 
discbarge  of  mucus  or  mucus  and  blood  from  the  uterus.  His- 
tologically the  mucous  membrane  of  the  uterus  undergoes  changes 
similar  to  those  of  menstruation — that  is.  the  membrane  increases 
in  size  and  becomes  congested  with  blood — and  it  exhibits  a  phase 
of  degeneration  during  which  some  of  the  epithelial  lining  may  be 
east  off  and  some  hemorrhage  occur.  As  in  the  case  of  the  men- 
strual period,  the  heat  period  or  cestrous  cycle  may  be  divided  into 
four  subperiods  (Marshall  and  Jolly) :  the  procestrum,  during  which 
the  genital  organs  are  congested  and  bleeding  occurs,  corresponds 
with  menstruation;  the  cestrus,  the  period  of  sexual  desire;  the 
metaestrum,  the  period  of  repair  and  return  to  normal  conditions, 
and  the  anoestrum,  the  period  of  rest.  If  sexual  union  is  prevented 
during  this  period  heat  passes  away  in  a  few  days,  but  recurs  again 
at  intervals  which  vary  in  the  different  mammals:  4  weeks  in  the 
monkey,  mare,  etc.;  3  to  4  weeks  in  the  cow;  2i  to  4  weeks  in  the 
sheep;  9  t6  18  days  in  the  sow;  12  to  16  weeks  in  the  bitch,  etc. 
The  recurrence  of  the  period  under  these  circumstances  suggests 
at  once  the  essential  resemblance  to  the  monthly  periods  of  women. 
According  to  Heape's  most  interesting  observations  upon  monkeys 
(Semnopithecus),*  some  of  these  animals  show  a  regular  monthly 
flow  lasting  for  4  days,  except  when  conception  takes  place.  The 
changes  during  heat  must  be  considered  as  physiologically  ho- 
mologous to  those  of  menstruation.  The  sexual  excitement  that 
attends  the  condition  in  the  lower  animals  is  not  distinctly  repre- 
sented in  man,  although  it  is  commonly  said  that  in  the  period 
following  menstruation  the  sexual  desire  is  stronger  than  at  other 
times,  but  in  the  changes  undergone  by  the  uterus  and  the  fact 
that  these  changes  are  connected,  as  a  rule,  with  the  liberation 
of  an  egg  from  the  ovary  (ovulation),  the  two  phenomena  are 
physiologically  similar. 

Relation  of  the  Ovaries  to  Menstruation. — It  appears  to  be 
clearly  demonstrated  that  the  phenomenon  of  menstruation  is  de- 
]>endent  upon  a  periodical  activity  in  the  ovaries.  When  the 
ovaries  are  completely  removed  menstruation  ceases  (artificial 
menopause)  and  the  uterus  imdergoes  atrophy.  When  the  ovaries 
are  congenitally  lacking  or  rudimentary,  a  condition  of  amenorrhea 
also  exists.  These  facts  and  the  connection  of  the  ovaries  with 
menstruation  are  further  corroborated  in  a  striking  way  by  experi- 
ments upon  transplantation  or  grafting  of  the  ovary.  This  experi- 
ment has  been  performed  upon  lower  animals  (apes)  as  well  as  upon 

♦Heape,  "Philosophical  Transactions,  Royal  Society,"  185  (B),  1894, 
and  188  (B),  1897. 
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human  beings.  Removal  of  both  ovaries  in  apes  is  followed  by  a 
satioii  of  meastruation.  TraiKsplaritation  of  an  ovary  under  the 
servas  to  maintain  menstruation,  but  if  subsequently  removed  this 
function  disappeura.*  In  the  human  l>eing  Morris  and  Glaaa  ob- 
tained similar  results, f  An  ovarj^  or  a  piece  of  an  ovary  inm- 
planted  into  the  uterus  itself  or  the  broad  Ugjunent  caused  a  re- 
turn of  the  menstrual  periofls  which  had  ceased  after  surgical  re- 
moval of  the  glands,  or  brought  on  free  menstruation  in  eonditiODB 
of  amenorrhea  or  dysmenorrhea. 

Many  \iews  have  been  pniposed  to  explain  this  lel&tioQBhip 
between  ovary  and  uterus.  In  moat  cases  it  has  been  assumed 
that  the  menstruation  in  the  uterus  is  connected  with  the  act  ol 
ovulation, — that  is,  the  ripening  and  thscharge  of  a  Graafian  folUd 
G>Tiecologists,  it  is  true,  have  accumulated  facts  to  show  that  o^ 
lation  may  occur  Lndei>endently  of  menstruation,  but*  as  a 
the  two  acts  occur  together,  not  simultaneously,  but  in  a  dei 
sequence,  and  the  significance  of  menstruation  is  to  be  fcmnd  ini 
physiological  connection  with  the  fate  of  the  ovum.  It  w» 
believed  at  first  that  the  processes  in  the  ovar>'  influence  tl« 
uterus  by  a  nervous  reflex.  This  view  finds  its  most  compbte 
expression  in  the  theory  fornTulated  by  Pfluger.  Acconling  totltii 
physiologist^  the  congestion  of  the  uterus  which  leads  to  menstrua^ 
tion  and  the  congestion  of  the  ovarj'  which  leads  to  ovulation  ire 
both  reflex  vasodilator  effects  due  to  the  mechanical  stimulatkn 
of  the  sensor}'  nerv^es  of  the  ovar\'  by  the  growt  h  in  size  of  the  fol- 
licle. As  this  structure  develops  the  mechanical  stimulus  incretfos 
in  int-ensity,  the  congestion  in  Ixjth  organs  becomes  more  pro- 
nounced and  leads  finally  to  the  bursting  of  the  follicle  and  tbf 
hemorrhage  in  the  utenis.  This  ver>^  attractive  theory  doBs  not^ 
however,  accord  with  the  facts.  Goltz  and  Rein  J  have  shown  bjr 
experiments  upon  dogs  that  when  the  nerves  going  to  the  utcfui 
are  completely  severed  from  their  central  connections  the  animih 
can  be  ferlihzed,  l>ecome  pregnant,  and  give  birth  to  a  fitter  d 
young.  Moreover,  the  ex)Deriments  upon  transplantation  rtiemi 
to  above  seem  to  show  quite  conclusively  that  a  nervous  conoeetiao 
is  not  essential  to  the  influence  that  the  ovary  exerts  apoo  U» 
uterus.  The  present  \dew,  therefore,  is  that  this  influence  is  taaolti 
through  the  blood,— the  other  great  system  connecting  the  QtgtBt 
with  one  another.  The  usual  assumption  is  that  the  ovaries  fonnaB 
internal  secretion  which  is  given  to  the  blood  or  lymph  and  upon 
reaching  the  uterine  tissues  serves  to  stimulate  the  mucous  nicii^ 
brane  to  a  more  active  growth.    This  theory  has  been  Mbon^ 

♦Halban.  '*Deijta<!he  Gf^ellschaft  f,  GvmikoL  "  9,  190L 

tGiaas,  **MetJi€al  News/'  523,  1899;  Alorris,  "Medical  Record/*  83.  1«L 

j  Rein   "  ArcLiv  f.  diu  geaammte  Phyeiologie/ '  voL  xjuii. 
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most  fully  perhaps  by  Fraenkel,*  who  believes  that  this  internal 
secretion  is  furnished  by  the  yellow  cells  of  the  corpus  luteum. 
This  observer,  from  the  results  of  operations  upon  women,  believes 
that  the  ovum  is  normally  discharged  two  weeks  before  menstrua 
tion,  and  the  resulting  increased  activity  of  the  cells  of  the  corpus 
luteum  is  responsible  for  the  secretion  which  stimulates  the  uterus 
to  the  augmented  growth  that  takes  place  in  the  premenstrual 
p>eriod.  Whether  or  not  the  monthly  change  in  the  endometrium 
is  directly  dependent  upon  an  internal  secretion  from  the  ovary  or 
is  an  independent  cyclic  process  peculiar  to  this  tissue,  there  seems 
to  be  no  doubt  that  the  physiological  integrity  of  the  uterus  as  a 
whole  is  dependent  upon  the  ovaries.  Removal  of  the  ovaries 
in  the  young  prevents  the  normal  development  of  the  uterus, 
while  removal  in  the  adult  causes  a  degeneration  of  the  uterus, 
which,  however,  can  be  averted  by  a  successful  transplantation 
of  ovarian  tissue.f  In  the  lower  animals  Marshall  and  JoUyt 
have  been  able  to  show  that  extracts  of  the  ovaries,  taken  from 
an  animal  in  or  just  before  heat  (procestrous  or  oestrous  period), 
when  injected  into  an  animal  during  the  anoestrum  bring  on  a 
transient  condition  of  heat.  These  authors  do  not  believe,  how- 
ever, that  the  chemical  stimulus  (hormone)  formed  in  the  ovary 
is  developed  by  the  cells  of  the  corpus  luteum,  since  according 
to  their  observation  on  cats  and  dogs  ovulation  does  not  occur 
until  after  heat  has  begun  (prooestrum). 

The  Physiological  Significance  of  Menstruation. — Naturally 
many  views  have  been  proposed  to  explain  the  significance  of  men- 
struation. According  to  the  Mosaic  law,  it  is  a  process  of  purifica- 
tion; others  have  seen  in  it  a  mechanism  to  remove  an  excess  of 
nutriment  in  the  body;  but  since  the  period  in  which  oiu*  knowl- 
edge of  the  structure  of  the  organs  concerned  and  of  the  histo- 
logical changes  during  the  act  became  more  definite,  theories  of  the 
meaning  of  menstruation  have  usually  assumed  that  it  is  a  prepara- 
tion for  the  reception  of  the  fertilized  ovum.  These  views  have 
taken  two  divergent  forms  according  as  the  act  of  ovulation  was 
believed  to  precede  or  to  happen  simultaneously  with  or  subse- 
quently to  the  act  of  menstruation.  According  to  one  view,  the 
swelling  and  congestion  of  the  membrane  constitute  a  prepara- 
tion for  the  reception  of  the  fertilized  ovum.  If  the  ovum  fails  of 
fertilization,  then  degenerative  changes  ensue,  and  the  membrane 

♦Fraenkel,  ''Archiv  f.  Gynakologie/'  68,  2,  1903.  See  also  Ihm, 
"Monatsschrift  f.  Geburtshulfe  u.  GynftkoL,"  21,  515,  1905,  for  discussion 
-and  extensive  literature. 

tCarmichael  and  Jolly,  "Proc.  Roy.  Soc,"  B,  79,  1907,  and  Marshal) 
and  JoUy,  ''Roy.  Soc.  Edinb.,"  45,  589,  1907. 

}  Marshall  and  Jolly,  *'Pliilosophical  Transactions,  Royal  Society," 
London,  1905,  B.  cxcviii.,  99. 
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or  a  portion  of  it  is  cast  off  in  the  menstral  flow,  while 
mainder  is  absorbed,  Arrording  to  this  view,  raenstniatiou  il 
indication  that  fertilization  Las  nut  taken  place,*  This  view 
falls  in  with  t  he  belief  that  ovulation  normally  precedes  menstnuip 
tion  by  a  considerable  interval.  A  modification  or  exteoflioii  df 
this  general  hypothesLs  is  proposed  by  Bryce  and  Teaclief4 
They  believe  that  the  process  of  menstniation  is  a  cyclic  ooe, 
which  has  for  its  object  the  preparation  of  the  endometrium  far 
the  reception  of  the  ovum.  The  monthly  regeneration  k«f» 
this  membrane  in  that  condition  of  youthful  irritability  which 
enables  it  to  respond  pronii>tly  to  the  stimulus  of  the  ovum  by 
the  formation  of  a  decldua.  The  other  point  of  view  was  advth 
cated  especially  by  Pfliiger  in  connection  with  his  theory  of  i 
common  cause  of  ovulation  and  menstruation.  He  assumed  thai 
menstruation  occurs  before  the  ovum  reaches  the  uterus  and  that 
its  physiological  value  lies  in  the  fact  that  a  raw  surface  is  thus  msde 
upon  which  the  ovum  Ls  grafted.  Menstruation,  according  lo  him* 
is  an  operation  of  nature  for  the  grafting  of  the  fertilis&ed  ov 
upon  the  maternal  organism.  This  view  finds  considerable  sup] 
in  the  fact  that  in  some  of  the  lower  animals  (dogg)  the  flow 
blood  (proopstrum)  precedes  fertilization. 

The  Effect  of  the  Menstrual  Cycle  on  Other  Functions*— 
Ls  natural  to  suppose  that  such  marked  changes  as  occur  in 
ovar>^  and  uterus  during  the  menstrual  cycle  should  have  an 
fluence  uix>n  other  parts  of  the  body.  As  a  matter  of  fact,  it 
known  that  in  general  the  sense  of  well-being  varies  with  the 
of  the  cycle.  At  the  time  of  or  in  the  period  just  preceding  ito 
menstrual  flow  there  is  usually  a  more  or  less  marked  sense  of  fll- 
being  or  despondency,  and  a  diminution  in  general  efhciencv** 
Among  the  various  observations  made  by  objective  methods  upon 
the  functions  of  the  different  organs  during  these  periods  the  most 
significant,  probably,  are  those  upon  blood-pressune.  AeoordiDg 
to  Mosher,t  the  blood-pressure  falls  at  the  time  of  the  menfltnill 
periods.  The  curves  obtained  in  these  experiments  are  not  enlix^y 
regular,  but  at  or  near  the  menstruation  the  blood-pressure  fall« 
slowly,  the  maximum  fall  being  coincident  with  the  appeamnce  of 
the  flow.  It  would  seem  probable  that  the  fall  of  general  blood- 
pressure  is  due  directly  to  the  vascular  dilatation  in  the  genital  o^ 
gans  and  in  turn  is  responsible  for  some  of  the  secondary*  phenomeoi 
observed  in  the  organism  as  a  whole.  Similarly,  Zuntx  rreordi 
that  during  the  menstrual  period  there  is  a  faU  in  pulse-fftle  o&d 
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•This  \n(?w  finds  expression  in  the  aphorisms:  *' Women 
beraimt*  ihev  do  not  poncoive/*  Powers,  and  "The  nienstntal 
physiolopn^'fil  homologuc  of  parturition/'  Jacob! . 

t  Bn^f^c  and  Teacher,  ''Earlv  Development  and  Imbedding  of  ibrili 
Ovum/'  1906. 

I  MoflhfiT,  "The  JohBa  Hopkins  Hospital  Bulletin/'  1901. 


THE  FEMALE  REPRODUCnVE  ORGANS.  953 

in  body  temperature,  so  that,  so  far  as  the  female  is  concerned,  there 
is  evidence  of  a  periodic  oscillation  in  pressure,  rate,  and  tempera- 
ture synchronous  with  the  menses,  and  it  is  probable  that  other 
functions  and  even  the  x)sychical  states  may  be  affected  by  this 
rhythm.  Some  observers  claim  to  have  obtained  similar  periodical 
falls  in  blood-pressure  in  men,  suggesting  the  idea  that  has  fre- 
quently been  expressed,  that  in  man  as  well  as  woman  there  is  a 
rhythmical  activity  of  the  genital  organs,  a  reproductive  cycle 
that  in  man  may  be  referred  to  the  development  and  extrusion 
of  the  spermatozoa  in  the  testis,  as  in  woman  it  is  connected  with 
the  growth  and  expulsion  of  the  ova  in  the  folUcles  of  the  ovary. 
This  suggestion  at  present  has  very  little  precise  evidence  in  its 
favor. 

The  Passage  of  the  Ovum  into  the  Uterus. — ^The  means  by 
which  the  oviun  gains  entrance  to  the  Fallopian  tubes  has  given 
rise  to  much  speculation  and  some  interesting  experiments.  It 
was  formerly  believed  (Haller)  that  at  the  time  of  ovulation  the 
fimbriated  end  of  the  Fallopian  tube  is  brought  against  the  ovary, 
the  movement  being  due  to  a  congestion  or  a  sort  of  erection  of  the 
fimbriae.  This  movement  has  not  been  observed,  and,  as  experi- 
ments show  that  small  objects  introduced  into  the  pelvic  cavity  are 
taken  up  by  the  tubes,  it  is  believed  that  the  cilia  upon  the  fimbriae 
and  in  the  tubes  may  suffice  to  set  up  a  current  that  is  sufficient 
to  direct  the  movements  of  the  ovum.  Attention  has  been  called 
to  the  fact  that  in  animals  with  a  bicomate  uterus  the  ova  may 
be  liberated  from  the  ovary  on  one  side,  as  shown  by  the  presence 
of  the  corpora  lutea,  while  the  embryos  are  developed  in  the  horn 
of  the  other  side.  As  further  evidence  for  the  same  possibility  of 
migration  it  has  been  shown  that  the  ovary  may  be  excised  on  one 
side  and  the  horn  of  the  uterus  on  the  other  and  yet  the  animal  may 
become  pregnant  after  sexual  union.  It  would  seem  probable, 
therefore,  that  the  ovum  is  discharged  into  the  pelvic  cavity  and 
may  be  caught  up  by  the  ciliary  movements  at  the  end  of  the  tube 
on  the  same  side,  or  may  traverse  the  pelvic  cavity  in  the  narrow 
spaces  between  the  viscera  and  be  received  by  the  tube  on  the 
other  side.  Such  a  view  explains  the  possible  occurrence  of  true 
abdominal  pregnancies,  and  suggests  also  the  possibility  that  ova 
may  at  times  fail  to  reach  the  uterus  at  all  and  may  undei^o  de- 
struction and  absorption  in  the  abdominal  cavity.  In  some  of 
the  lower  animals — ^the  dog,  for  example — ^provision  is  made  for 
the  more  certain  entrance  of  the  ova  into  the  tubes  by  the  fact 
that  the  latter  end  in  connection  with  a  membranous  sac  of  peri- 
toneum which  envelopes  the  ovary.  The  sexual  fertilization  of  the 
ovum  is  supposed  to  take  place  shortly  after  its  entrance  into 
the  Fallopian  tube,  since  spermatozoa  have  been  found  in  this 
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region,  and  the  fertilized  ovum»  before  reaching  the  seat  of  ii 
plantation  in  the  body  of  the  uterus,  has  begun  its  develop 
By  the  act  of  coitus  the  s|>ermatozoa  are  deposited  at  the  muuti 
of  the  uterus,  whence  tliey  make  their  way  toward  the  lulx 
being  guided  in  their  movements  ver\'  probably  by  the  opposin 
force  of  the  ciliaiy  contractions  in  the  uterus*  It  is  known  i 
the  cilia  of  the  tubes  and  uterus  contract  so  as  to  drive 
objects  toward  the  vagina  and  they  carry  the  egg  in  this  directioD. 
but  the  spermatozoa,  being  moved  by  the  contractions  of  '^  ■- 
own  cilia  or  tails,  are  stimulated  to  advance  against  thif^ 
current.  The  act  of  fertilization  of  the  ovum  is  preceded  b> 
certain  preparatory-  changes  in  the  o\Tjm  itself  which  are  deacrih 
under  the  term  maturation. 

Maturation  of  the  Ovum* — The  process  of  maturation  \ 
before  or  just  after  the  sperniatozoon  enters  the  o\Tim,     Ai 
time  the  latter  is  extruded  from  the  follicle  it  is  a  single  ceU  stxr^ 

rounded  by  a  lay^  of  fol- 

..  -^  "^"*>-^  ilcular  epithelium   forniioc 

'"^  "  '        the  corona   rarliata,  whirh 

is   subsequently  lofft-    Tht 

egg  proper  consists  of  cyl 

,  J       plasm    and    a    nud 

/  j         germinal  vesicle  con 

"  a    nucleolus    or     germa 

spot-  Within  the  c}l 
plasm  is  a  deSnite  ctJ 
tion  of  food  m&jterial 
yolk  which  is  sometii 
design  at  efl  as  deutoplasmT 
Tlie  whole  structure  »  -^^r- 
rounded  by  a  memhni^ 
known  as  the  zona  radiaU 
( Fig,  302) .  Before  or  of*^ 
the  egg  reaches  the  Ti 
lopian  tube  its  nucleus  undergoes  the  changes  preparartor) 
a  mitotic  division.  The  changes  that  occur  in  an  ordtaaiy 
division  are  represented  schematically  in  Fig,  303,  The  nn 
at  first  present^s  the  ordinary'  chromatin  network,  and  in 
cytoplasm  lies  the  minute  structure  known  as  the  centniw>ii*. 
This  latter  divides  into  two  daughter-centrosomes  (b)  which  i 
to  opposite  sides  of  the  nucleus  and  become  surrounded  by  i 
each  centrosome  witli  its  radiating  system  foriniiig  an 
sphere.  The  chromatin  material  in  the  nucleus  meanwhik 
collected!  into  larger  threads  known  as  chromosomes  (c), 
the  nuclear  memf^rane  disappears  (d).    The  Qumber  of  chrofli^ 


\ 


Fig.  302.— Hiurmo  ovum  (La«,  modifleti  from 
Nagvl):  n,  Nucleus  (KermLniU  vflmde)  caotjunitig 
the  &rneb>oid  nucleolu-s  {geroimiJl  «|iot};  d,  ilcu- 
t4>pLa«mio  xone;  p.  proUiplMdnk  Bone:  i.  Aona 
mdmta;   «,  penviteUin  space. 
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jTjfj,  303. — Schematic  roi)reHentation    of    the    F>ro<?P"<*«f<   rM-cnrriiiK  durinic   cell    divi.Minn.- 
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soznes  is  definite  for  each  species  of  animal.  The  chromosomes 
arrange  themselves  equatorially  between  the  astrospheres  and  then 
each  divides  longitudinally  into  two  parts  (/) .  These  parts  migrate 
or  are  drawn  toward  their  respective  centrosomes  (gf,  h,  t),  and  this 
division  is  followed  by  a  separation  of  the  cytoplasm  into  two 
parts.  Thus,  two  daughter-cells  are  formed,  each  containing  the 
same  number  of  chromosomes  as  the  parent  cell,  but  only  half  the 
amount  of  chromatin  material.  The  cell  division  results  in  a 
quantitative  reduction  of  the  chromatin  material.  In  ordinary 
cell  division  the  chromosomes  again  form  a  resting  reticulum  and 
a  nuclear  membrane  and  the  chromatin  substance  increases  in 
quantity.  In  the  ovum  during  maturation  two  successive  cell- 
divisions  occur  which  resemble  the  typical  cell-division  just 
described,  except  that  the  daughter-cells  are  of  very  unequal  size 
and  that  they  contain  each  only  half  the  normal  number  of 
chromosomes.  In  the  first  division,  known  sometimes  as  the 
heterot3rpical  division,  the  process  is  preceded  by  a  fusion  of  the 
chromosomes  in  pairs.  In  the  division  that  ensues  the  pairs  of 
chromosomes  are  split,  one  part  going  to  each  cell,  with  the  result 
that  each  of  the  latter  now  contains  half  the  number  of  chromo- 
somes— and  each  chromosome  is  an  entire  one  from  the  parent 
cell,  instead  of  half  a  one,  as  in  the  usual  cell  division.  The  two 
resulting  cells  are  of  very  unequal  size,  the  larger  one  is  designated 
still  as  the  ovum,  the  smaller  one  as  the  first  polar  body.  The 
ovum  now  divides  again  (homotypical  division),  throwing  off  a 
second  polar  body.  In  this  division  the  chromosomes,  according 
to  some  observers,  divide  transversely,  according  to  others,  they 
divide  longitudinally  as  in  typical  cell  division.*  In  the  formation 
and  extrusion  of  the  two  polar  bodies  the  matured  ovum  has  suf- 
fered a  quantitative  and  perhaps  a  qualitative  reduction  in  chroma- 
bin  material,  and  is  left  with  only  half  its  number  of  chromosomes. 
Since  the  first  polar  body  after  its  separation  may  again  divide  into 
two  cells,  the  process  of  maturation  results  in  the  formation  of  four 
cells,  three  of  which  are  polar  bodies  and  may  be  regarded  as  abor- 
tive ova.  The  fourth,  the  matured  ovum,  retains  practically  all  of 
bhe  original  cytoplasm,  but  has  lost  a  part  of  its  chromatin  material 
ind,  according  to  Boveri,  also  its  centrosome.  The  production 
>f  the^e  four  cells  may  be  represented,  therefore,  by  a  schema  of 
rhe  kind  shown  in  Fig.  304.  The  details  of  this  process  of  forma- 
ion  of  the  polar  bodies  and  of  reduction  in  chromatin  material 
lifFer  somewhat  in  different  animals,  f  The  process  has  not  been 
ollowed  in  the  human  ovum,  but  since  it  occurs  in  the  eggs  of  all 

*  For  further  details  see  Bryce  in  Embryology,  "Quain's  Anatomy^"  1908. 
t  For  details  see  Wilson,  ^'The  Cell  in  Development  and  Inheritance," 
^ew  Yoric. 
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animals  with  sexual  reproduction,  so  far  as  they  have  been  studi 
it  \s  justifiable  to  assume  that  a  similar  change  takes  place  in  mMt 
From  a  biological  standpoint  the  rerluction  of  ehromcMKXim 
throws  much  light  iijx>n  the  significance  of  fertilization  by  themilfc 
cell     The  spermatozocm  before  it  is  ripe  undergoes  a  proccsB  of 
maturation  essentially  similar  to  that  descriL>ecl  for  the  ovum. 
Two  cell  divisions  take  place  with  the  formation  of  four  spermatozoa. 
each  of  which,  however,  is  a  functional  spermatozoon*     In  the  pro- 
cess of  division  the  nura!>er  of  chromosomes  in  each  cell  is  reduced 


-*— Ovarian  < 


-Fint  palmr  Doa> 


^^"       '  iTomdMrim/m 
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by  half.  WTien  the  matured  ovum  and  the  matured  spermatasodn 
fuse,  therefore,  each  brings  half  the  normal  numl^r  of  chromonioitt. 
and  the  resulting  fertilized  ovum  is  a  cell  with  its  chromcnonMi 
restored  to  their  usual  number.  The  chromatin  material  hasbMS 
regarded  as  the  essential  part  of  the  reproductive  element,  Accoid- 
ing  to  some  authors  it  is  the  substance  which  has  the  power  ol 
development  and  which  eonvej*^  the  hereditary  structure  specific 
to  the  animal.  The  process  which  causes  each  element  to  kwi 
part  of  this  material  before  its  union  with  the  cell  of  tbe  oppoetle 
sex  is,  from  this  standpoint,  a  pro\ision  by  means  of  which  the 
fertilized  egg,  from  which  the  offspring  develops,  diall  inherit  lie 
characteristics  of  each  parent,  without  increase  in  the  tjpicil 
number  of  the  chromosomes.* 

Fertilization  of  the  Ovum. — The  spermatosoto  coma  ial9 
contact  with  the  ovum  probably  at  the  beginning  of  the  Falk>piiiO 
tubes.  The  meeting  of  the  two  cells  is  possibly  not  simply  a  mAtSir 
of  accidental  contact,  although  the  number  of  spennatosoa  i^- 
charged  by  the  male  at  coitus  is  so  great  that  there  would  mem 
to  be  Mttie  chance  for  the  ovum  to  fail  to  meet  some  of  tbeoi.  B- 
periments  upon  the  reproductive  elements  of  plants  indicate,  hsm* 
ever,  that  the  egg  may  contain  substances  which  ser\'e  to  attiici 
the  spermatozoon,  within  a  certain  radius*  by  that  force  wtiA 

•  For  a  popular  presenUtion  see  Bovoi.  **  Dim  Probletn  der  Bcfniclrtsv.* 
Jena,  1902. 


Fi«.  305. — Schematic  representation  of  the  processes  occurrinR  during  the  fertiliza- 
tion and  subsequent  segmentation  of  the  ovum. — (Boveri.)  The  chromatin  (chromo- 
M>ines)  of  the  ovum  is  repre.sente<i  in  blue,  that  of  the  spennatoaoon  m  red. 


THE    FEMALE    REPRODUCTIVE   ORGANS.  957 

ribed  under  the  name  of  chemotaxis.  However  this  may  be, 
g  miites  with  a  spermatozoon  and  mider  normal  conditions 
3nly  one.  A  nimiber  of  the  spermatozoa  may  penetrate 
•na  radiata,  but  so  soon  as  one  has  come  into  contact  with 
i;oplasm  of  the  egg  a  reaction  ensues  in  the  surface  layer 
makes  it  impervious  to  other  spermatozoa.  The  spermato- 
jonsists  of  three  essential  parts, — the  head,  the  middle  piece, 
be  tail.  The  last  named  is  the  organ  of  locomotion,  and 
the  spermatozoon  enters  the  egg  this  portion  atrophies  and 
•ears,  probably  by  absorption.  The  head  of  the  spermato- 
epresents  the  nucleus,  and  contains  the  valuable  chromatin 
al.  On  entering  the  egg  it  moves  toward  the  nucleus  of  the 
meanwhile  enlarging  and  taking  on  the  character  of  a  nu- 

The  egg  now  contains  two  nuclei, — one  belonging  to  it  origi- 
bhe  female  pronucleus;  one  brought  into  it  by  the  sperma- 
,  the  male  pronucleus.  The  two  come  together  and  fuse, 
rficially  at  least, — ^forming  the  nucleus  of  the  fertilized  egg,  or 
nuentation  nucleus.  The  middle  piece  of  the  spermatozoon 
ters  the  egg,  but  its  exact  fimction  and  fate  is  still  a  matter 
Jertainty.  Boveri  believes  that  it  brings  into  the  egg  a 
3ome  or  material  which  induces  the  formation  of  a  centro- 
n  the  ovum,  and  is,  therefore,  of  the  greatest  importance  in 
Jig  the  actual  process  of  cell  division  which  begins  promptly 
he  fusion  of  the  nuclei.  In  the  segmentation  nucleus  the  nor- 
imber  of  chromosomes  is  restored,  and  it  is  believed  that  in 
bsequent  divisions  of  the  cell  to  form  the  embryo  the  chromo- 
are  so  divided  that  each  cell  gets  some  maternal  and  some 
lal  chromosomes,  and  thus  shares  the  hereditary  characteris- 

each  parent.  This  view  is  represented  in  a  schematic  way 
5.  305,  taken  from  Boveri,  the  maternal  and  paternal  chromo- 
being  indicated  by  different  colors.  According  to  this  descrip- 
30th  egg  and  spermatozoon  are  incomplete  cells  before  fusion, 
gg  contains  a  nucleus  and  a  large  cell  body,  cytoplasm,  rich  in 
ive  material,  but  it  lacks  a  centrosome  or  the  conditions  neces- 
or  the  formation  of  an  astrosphere,  so  that  it  cannot  mul- 

The  spermatozoon  has  also  chromatin  for  a  nucleus,  and 
rosome  or  the  material  which  may  give  rise  to  a  centrosome, 
r  lacks  cytoplasm — that  is,  food  material  for  growth.      It 

seem  that  if  the  spermatozoon  could  be  given  a  quantity 
oplasm  it  would  proceed  to  develop  an  embryo  without  the 

an  ovum.  This  experiment  has,  in  fact,  been  made  by 
i.  Eggs  of  the  sea-urchin  were  shaken  violently  so  as  to 
them  into  fragments.  If  now  a  spermatozoon  entered  one  of 
fragments,  which  consisted  only  of  cytoplasm,  cell  multiplica- 
egan  and  proceeded  to  the  formation  of  a  larva.    On  the  other 
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handp  it  would  seem  to  he  equally  evident  that  if  a  eenlroeome  i 
present  in  the  egg  or  some  influence  could  be  brought  to  bear  tipan 
it  to  initiate  the  process  of  ceil  di\ision,  it  would  develop  with- 
out a  spermatozoon.  In  some  animals  eggs  do  normally  de- 
velop at  times  without  fertilization  by  a  spermatozoon  (pw- 
thenogenesis)j  the  eggs  that  have  this  property  probably  pr^ 
serving  their  centrosomes.  Loeb*  has  shown,  however,  in  s(»me 
most  interestmg  experiments  that  certain  eggs,  especially  those  of 
the  sea-urchin  (Strong^docentrotus  purpura tus),  which  nortiiaUv 
develop  by  fertilization  with  spermatozoa,  may  be  made  to  ih 
velop  by  physicochemieal  means.  One  method  is  to  treat 
egg  for  a  minute  or  two  with  an  aciil  (acetic,  foniiic,  etc.),  wl 
causes  the  formation  of  a  membrane.  Thej^  are  then  placed  fd 
a  certain  interval  in  a  hypertonic  sea  wat^er,  made  by  add 
sodium  chlorid  to  ordinary  sea  water.  They  are  then  transfer 
to  normal  sea  water  imd  after  an  hour  or  so  they  begin  to  j 
and  eventually  develop  into  normal  lar\'a?.  Similar  altho 
complete  results  were  obtained  previously  by  Morgan, 
ments  of  this  charatler  would  indicate  that  the  sperma 
brings  into  the  ovum  definite  substances^  which,  by  chemical  \ 
physicochemical  means,  initiate  and  control  the  process  of  i 
tatioo.  Suggestions  as  to  the  nature  of  these  substancus  are  ll 
present  very  h^r-pothetical. 

Implantation  of  the  Ovum, — After  fertilisation  intbetubetlie 
o\ura  begins  to  segment  and  multiply,  and  meanwhile  is  camad 
toward  the  uterus,  probably  by  the  action  of  the  cilia  lining  1 
Upon  reaching  the  ca\dty  of  the  utenis  it  becomes  attached  J 
raucous  membrane,  usually  in  the  neighborhood  of  the 
The  membrane  of  the  utenis  has  become  much  thickened 
while,  and  in  this  condition  is  known  usually  as  the  decidua. 
portion  to  which  the  egg  becomes  attached  is  the  decndua  d^oliaii 
and  it  eventually  develops  into  the  placenta,  the  organ  ttiniag^ 
which  the  maternal  nutriment  is  supplied  to  the  fetus.  The  ovum 
has  made  considerable  progress  in  its  development  before  reaehiog 
the  uterus,  having  formed  amnion  and  chorion.  witJi  ehorionic  vilfi. 
Some  of  the  ectodermal  cells  in  the  chorion  become  speeialited  to 
form  a  group  of  trophoblastic  cells  %vhich  have  a  (Ugestive  ; 
and  it  is  suggested  that  the  activity  of  these  cells  enabled  the  ovts 
to  Income  attached  to  the  decidual  membrane  and  to  hollow 
spaces  in  wliich  tlie  chorionic  papilla  hecome  insert€M:bt  Tb«?fu 
development  of  the  egg  into  a  fetus,  the  formation  of  the  dccktai 
graviditatls,  and  the  placenta  are  anatomical  features  thai  txri 
not  be  described  here.     Details  of  these  structures  will  be  fcnad 

•  ljO(*h,  '^  University  of  California  Publications,"  2,  pp,  83,  W>,  ami  Jtt 
1905.     S(M*  also  Wilson*  ''Archiv  f,  entwirk.  Mechanik/'  12,  1901, 

t  S^e  MiDot,  *' Transactions  of  the  American  Gynecological  Socirty,"  IW^ 
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in  works  on  anatomy,  embryology,  or  obstetrics.  On  the  phys- 
iological side  it  has  been  found  that  removal  of  the  ovaries,  or  even 
destruction  of  the  corpora  lutea,  shortly  after  pregnancy  has  begun 
brings  the  process  to  an  end,  while  a  similar  operation  later  in 
pregnancy  has  no  effect  upon  the  developing  fetus  or  the  subsequent 
act  of  parturition.  It  seems,  therefore,  that  the  process  of  implan- 
tation of  the  ovum  in  the  uterine  mucous  membrane  and  the  devel- 
opment of  a  placenta  are  dependent  in  some  way  upon  the  ovaries. 
Tlie  apparent  explanation  of  the  connection  is  given  in  the  hypothe- 
sis that  the  corpora  lutea,  during  their  rapid  development  at  the 
beginning  of  pregnancy,  give  off  an  internal  secretion  which  controls 
or  influences  in  some  essential  way  the  processes  connected  with 
the  fixing  of  the  fertilized  ovum.* 

The  Nutrition  of  the  Embryo — Physiology  of  the  Placenta. 
^-At  the  time  of  fertilization  the  ovum  contains  a  small  amoimt 
of  nutriment  in  its  cytoplasm.  The  amount,  however,  in  the  mam- 
malian ovum  is  small  and  suffices  probably  only  for  the  initial  stages 
of  growth.  When  the  ovum  becomes  implanted  in  the  decidual 
membrane  of  the  uterus  the  new  material  for  growth  must  be  ab- 
sorbed directly  from  the  maternal  blood  of  the  uterus.  Within 
a  short  time,  however,  the  chorionic  villi  begin  to  burrow  into  the 
uterine  membrane  at  the  point  of  attachment,  the  decidua  serotina, 
and  the  placenta  gradually  forms  as  a  definite  organ  for  the  control 
of  fetal  nutrition.  The  details  of  histological  structure  of  this 
organ  must  be  obtained  from  anatomical  sources.  For  the  purposes 
of  understanding  its  general  fimctions  it  is  sufficient  to  recall  that 
the  placenta  consists  essentially  of  vascular  chorionic  papillae  from 
the  fetus  bathed  in  large  blood-spaces  in  the  decidual  membrane  of 
the  mother.  The  fetal  and  the  maternal  blood  do  not  come  into 
actual  contact;  they  are  separated  from  each  other  by  the  walls  of 
the  fetal  blood-vessels  and  the  epithelial  layers  of  the  chorionic  villi, 
but  an  active  diffusion  relation  is  set  up  between  them.  Nutritive 
material,  protein,  fat,  and  carbohydrate,  and  oxygen  pass  from 
the  maternal  to  the  fetal  blood,  and  the  waste  products  of  fetal 
metabolism — carbon  dioxid,  nitrogenous  wastes,  etc.,  pass  from  the 
fetal  to  the  maternal  blood.  The  nutrition  of  the  fetal  tissues  is 
maintained,  in  fact,  in  much  the  same  way  as  though  it  were  an 
actual  part  of  the  maternal  organism.  That  material  passes  from 
the  maternal  to  the  fetal  blood  is  a  necessary  inference  from  the 
growth  of  the  fetus.  The  fact  has  also  been  demonstrated  repeat- 
edly by  direct  experiment.  Madder  added  to  the  food  of  the  mother 
colors  the  bones  of  the  embryo.  Salts  of  various  kinds,  sugar,  drugs, 
etc.,  injected  into  the  maternal  circulation  may  afterward  be  de- 
tected in  the  fetal  blood.  But  we  are  far  from  having  data  that 
♦  Marshall  and  Jolly  and  Fraenkel,  loc.  cit. 
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would  justify  us  in  supposing  that  the  exchange  between  ihtj 
two  bloods  is  efifected  by  the  known  physical  processes 
mosis,  diffusion,  and  filtration.  The  difficulties  in  under 
the  exchange  in  this  case  are  the  same  as  in  the  absorption  i 
ishment  by  the  tissues  generally.  It  is  perhaps  generally  fiistnoied 
that  the  chorionic  villi  play  an  active  part  in  the  pmceas*  fun 
tioning,  in  fact,  in  much  the  same  way  as  the  intestinal  villi, 
assumption  implies  ihat  the  epithelial  cells  of  the  villi  take  an  actif 
part  in  the  absorption  of  material  by  virtue  of  processes  which  ca 
not  be  wholly  explained^  but  which  without  doubt  are  due  to  ik 
chemical  and  physical  properties  of  the  substance  of  which  they  i 
composed.  This  assumption  does  not  mean  that  the  simp 
and  better  understood  physical  pro|)erties  of  diffusion  and 
are  not  also  important.  The  respiratory  exchange  of  gases, 
diffusion  of  water,  salts,  and  sugar,  may  be  largely  contixjlled  in  ih 
way.  There  are  no  facts  at  least  which  contradict  such  an  aasuu 
tion.  The  passage  of  fats  and  proteins,  however,  would  seem  I 
require  some  special  activity  in  the  chorionic  tissue^  which  mar  bt 
connected  with  the  presence  of  special  enzymes.  Glycogen  ( 
in  the  placenta  itself  and  in  all  the  tissues  of  the  embryo  dunng  1 
period  of  most  active  growth.  In  the  later  period  of 
life,  as  the  liver  assumes  its  functions,  the  glycogen 
more  localized  to  this  organ  and  disappears,  except  for  tncttt 
in  the  skin,  lungs,  and  other  tissues  in  which  it  was  preeent  •* 
first  in  considerable  quantities.  It  would  appear,  therefore,  thai 
glycogen  (sugar)  represents  one  of  the  important  materials  for  the 
growth  of  the  embr^^o,  and  that  in  the  beginning  at  least  the  UaBUci 
generally  have  a  glycogenetic  power.  The  sugar  brought  to  the 
placenta  in  the  maternal  blood  passes  over  into  the  fetal  blood  aiwi 
the  excess  beyond  that  immediately  consumed  is  deposited  m  the 
tissues  as  glycogen.  The  body  fat  of  the  fetus  is  at  first  slight  in 
amount,  but  after  the  sixth  month  begins  to  increase  with  mrm 
rapidity.  The  fat-forming  tissues  are  in  full  actix-ity,  therefoR^ 
before  birth,  and  function  doubtless  in  the  same  way  it  in 
the  adult.  Before  birth  also  the  various  organs  begin  to  take  oft 
their  normal  activity.  The  kidney  may  form  urine  hmg  brfoif 
birth,  as  is  shown  by  the  presence  of  this  secretion  in  the 
and,  shortly  before  birth  at  least,  it  has  the  power  of  pnKlu 
hippuric  acid,  as  may  te  shown  by  injecting  benzoates  into 
blood  of  the  mother.  The  kidney  functions  of  the  embrj'o,  how- 
ever, are  doubtless  ]>erformed  chiefly  by  the  placenta  an<l  tlii 
kidney  of  the  mother  up  to  the  time  of  birth.  That  the  liver  ab^ 
begins  to  assume  its  functions  early  is  shown  by  the  fact  that  In 
the  fifth  to  the  sixth  month  one  may  find  bile  in  the  gall-bb 
In  the  intestine,  colon,  there  is  foimd  also  a  collection  of  excr 
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the  meconium,  which  shows  that  the  motor  and  secretory  functions 
of  the  intestinal  canal  may  be  present  in  the  last  months  of  fetal 
life.  From  the  pancreas  a  proteolytic  enzyme  may  be  extracted  at 
the  time  of  birth  or  before,  but  the  amylolytic  enzyme  is  not  formed 
apparently  until  some  time  later.  It  is  stated,  at  least,  that  it  is 
not  present  at  birth.  In  general,  it  is  evident  that  for  a  long  period 
the  maternal  organism  digests  and  prepares  the  food  for  the  embryo, 
excretes  the  wastes,  regulates  the  conditions  of  temperature,  etc., 
as  it  does  for  a  portion  of  its  own  substance,  but  as  the  fetus  ap- 
proaches term  its  tissues  and  organs  begin  to  assume  more  of  an 
independent  activity,  as  indeed  must  be  the  case  in  preparation 
for  the  sudden  change  at  birth.  In  this  respect,  as  in  all  parts  of 
the  reproductive  process,  we  meet  with  regulations  whose  mechanism 
is  but  dimly  imderstood. 

Changes  in  the  Maternal  Organism  during  Pregnancy. — 
The  two  most  distinct  effects  upon  the  mother  that  result  from 
pr^nancy  are  the  growth  of  the  uterus  and  of  the  mammary  gland. 
The  virgin  uterus  is  small  and  firm,  weighing  from  30  to  40  gms., 
while  at  the  end  of  pregnancy  it  may  weigh  as  much  as  1000  gms. 
This  great  increase  in  material  is  due  partly  to  the  growth  of  new 
muscular  tissue  and  partly  to  an  hypertrophy  of  the  muscle  already 
present.  In  the  uterus  at  term  the  muscle  cells  are  much  longer 
and  larger  than  in  the  organ  before  fertilization.  The  stimulus 
that  initiates  and  controls  this  new  growth  is  seemingly  the  fertil- 
ized ovum  itself,  but  the  physiological  means  employed  are  not 
comprehended.  We  know  from  experiments  upon  lower  animals 
(Bein)  that  when  all  connections  with  the  central  nervous  system 
are  severed  the  fetus  develops  normally  and  the  uterus  increases 
correspondingly  in  size  and  weight.  The  influence  of  the  ovimi  on 
the  uterus  must  be  exerted,  therefore,  in  all  probability,  through 
some  chemical  stimulus  which  it  gives  to  the  organ.  The  effect 
of  the  presence  and  growth  of  the  fetus  on  the  mammary 
gland  is  treated  in  a  separate  paragraph  below.  In  addition  to 
these  two  visible  effects  it  is  evident  that  the  growth  of  the  fetus 
has  an  important  influence  on  general  metabolism  and  therefore 
upon  the  whole  maternal  organism.  This  fac.t  is  indicated  by  the 
marked  changes  often  exhibited  in  the  physical  and  mental  con- 
dition of  the  mother.  It  is  shown  more  precisely  by  a  study  of  the  . 
nutritional  changes.  Numerous  investigations  have  been  made 
upon  this  subject,  especially  as  regards  the  nitrogen  equilibrium. 
During  the  latter  part  of  pregnancy,  especially,  the  nitrogen  balance 
is  positive — that  is,  nitrogen  is  stored  as  protein — due  doubtless 
both  to  the  growth  of  the  embryo  and  the  increase  in  material  in 
the  uterus  and  mammary  gland.  The  proportion  of  ammonia  in 
the  urine  increases  during  pregnancy  and  especially  during  labor. 
61 
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ParturitioD,— The  fetus  "  comes  to  term  '*  usually  in  thet 
menstrual  period  after  eonceptiou — that  is»  about  280  days  \ 
the  last  menstruation*  The  actual  time  of  defivery,  howem* 
shows  consicierable  variation,  Deliven^  occurs  in  consequeoee  <rf 
contractions,  more  or  less  periodica!,  of  the  musculature  of  tbe 
litems,  and  reflex  as  well  as  Yohmtar>^  contractions  of  the  abdocD- 
inal  muscles.  It  has  been  shown  that  deliver^'  may  occur  when  ibe 
nerves  connecting  the  uterus  with  the  central  ner\^ous  system  wt 
severed,  so  that  the  act  is  essentially  an  independent  functkm  of 
the  uterus,  although  under  normal  conditions  the  contractiOM  of 
this  organ  are  doubtless  influenced  by  reflex  eflfects  thn>ugh  iti 
extrinsic  nen^es.  It  has  l^een  shown  that  contractions  of  the  gjivid 
uterus  may  lie  caused  by  stimulation  of  various  sensor\'  nerves,  Aod 
m  women  it  is  known  that  deliver}-  may  be  precipitated  pren 
by  various  mental  or  physical  disturbances.  The  interest! 
lem  physiologically  is  to  cletcrmine  the  nonnal  factor  or  factoni 
bring  on  uterine  contractions  at  term.  Various  more  or  leas  \ 
factor>*  theories  have  been  proposed.  Some  authors  attrib 
the  act  to  a  change  in  the  maternal  organkm,  such  bs 
cal  distension  of  the  utenis,  a  venous  condition  of  the  blood, 
degenerative  change  in  the  placenta,  etc.,  w^hile  others  suppose  thil 
the  initial  stimulus  comes  from  the  fetus.  In  the  latter  c^sn  it 
is  suggested  that  the  increasing  metabolism  of  the  fetus  is  insuffr 
ciently  pro\dded  for  by  the  placental  exchange,  and  that  therefow 
certain  products  are  formetl  which  serve  to  stimulate  the  uterul 
to  contraction.  Healy  and  Kastle*  suggest  another  h>7xithe«i<  fof 
which  they  give  some  experimental  support.  They  believe  ihAt  ^ 
hormone  is  formed  in  the  mammary  gljmd,  which  at  this  time  takff 
on  an  accelerated  development,  antl  tliis  hormone  by  a  *ftim!il**^ 
effect  on  the  uterus  initiates  normid  laI>or. 

The  flu  ration  of  the  la]>or  pains  is  variable,  but  usually  tbey  e^ 
longer  in  primiparie,  ten  to  twenty  hours  or  more,  tiian  in  tou 
arse.  After  the  fetus  is  deliveral  the  contractions  of  the  at 
continue  until  the  placenta  also  is  expelled  as  the  **after 
During  these  latter  contractions  the  fet^il  blood  in  tiie  pin 
for  the  most  part,  squeezed  into  the  circulation  of  the  newh 
child.  The  hemorrhage  froTu  the  walls  of  the  uterus  due  to  the i 
ture  of  the  placenta  may  be  firofuse  at  first ,  but  under  noruinl  ooik 
ditions  is  soon  controlled  by  the  finn  contraction  of  the  uterine  waHi- 

The  Mammaiy  Glands.^At  the  time  of  puberty  the  maiD- 
mary  glands  increase  in  size,  but  tliis  growth  is  confined  Iwptj 
to  the  connective  tissue;  the  true  glandular  tissue  remaitiS  nidi- 
men  tary  and  functionless.  There  is  reason  to  believe  thai  the 
growth  of  the  gland  in  the  prepubertal  period,  like  other  seconhfj 

•  Hi»aly  an*l  luwtle,  ^■BullHiii  160.  Ky.  Agricultural  Exp.  8t»tiaci,"  Wl 


THE   FEIIALE   REPRODUCTIVE   ORGANS. 

sexual  characteristics,  is  controlled  by  an  internal  secretion  from 
the  interstitial  tissue  of  the  ovaries  (p.  867).  At  the  time  of  con- 
ception the  glandular  tissue  is  in  some  way  stimulated  to  further 
growth.  Secreting  alveoli  are  formed,  and  during  the  latter  part 
of  pr^nancy  they  produce  an  incomplete  secretion,  scanty  in 
amount,  known  as  colostrum.  After  delivery  the  gland  evidently 
is  again  brought  imder  the  influence  of  special  stimuli.  It  becomes 
rapidly  enlarged  and  a  more  abimdant  secretion  is  formed.  For  the 
first  day  or  two  this  secretion  still  has  the  characteristics  of  colos- 
trum, but  on  the  third  or  fourth  day  the  true  milk  is  formed  and 
thereafter  is  produced  abundantly,  during  the  period  of  lactation, 
under  the  influence  of  the  act  of  milking.  If  during  this  period  a 
new  conception  occurs,  the  milk  secretion  is  altered  in  composition 
and  finally  ceases.  On  the  other  hand,  if  the  act  of  nursing  is  aban- 
doned permanently  the  glands  after  a  preliminary  stage  of  turgid- 
ity  imdergo  retrogressive  changes  that  result  in  the  cessation  of 
secretory  activity.  The  colostrum  secretion  that  occurs  dming 
pr^nancy  and  for  a  day  or  two  after  birth  differs  from  milk  in 
its  composition  and  histological  structure.  It  is  a  thin,  yellowish 
fiquid  containing  a  larger  percentage  of  albumin  and  globulin 
and  a  smaller  percentage  of  milk-sugar  and  fat  than  normal  milk. 
Under  the  microscope  it  shows,  in  addition  to  some  fat  droplets, 
certain  large  elements, — the  colostrum  corpuscles.  These  con- 
sist of  spherical  cells  filled  with  fat  droplets,  and  are  most  probably 
leucocytes  filled  with  fat  which  they  have  ingested.  Colostrum 
corpuscles  may  occur  in  milk  whenever  the  secretion  of  the  gland 
is  interfered  with,  and  their  presence  may  be  taken  as  an  indi- 
cation of  an  incomplete  secretion. 

Conditions  Controlling  the  Secretion  of  the  Mammary  Gland. 
— The  physiological  connection  between  the  uterus  and  the 
mammary  gland  is  shown  by  the  facts  mentioned  in  the  pre- 
ceding paragraph.  That  the  ovary  also  shares  in  this  influence 
either  directly  or  through  its  effect  on  the  uterus  is  shown  by 
the  fact  that  after  complete  ovariotomy  the  mammary  gland  under- 
goes atrophy.  This  imdoubted  influence  of  one  organ  upon  the 
other  might  be  exerted  either  through  the  central  nervous  system 
or  by  way  of  the  circulation.  There  are  indications  that  the 
secretion  of  the  mammary  glands  is  imder  the  control,  to  some 
extent  at  least,  of  the  central  nervous  system.  For  instance,  in 
women  during  the  period  of  lactation  cases  have  been  recorded 
in  which  the  secretion  was  altered  or  perhaps  entirely  suppressed 
by  strong  emotions,  by  an  epileptic  attack,  etc.  This  indication 
lias  not  received  satisfactory  confirmation  from  the  side  of  ex- 
perimental physiology.  Eckhard  foimd  that  section  of  the  main 
nerve-trunk  supplying  the  gland  in  goats,  the  external  spermatic, 
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caused  no  difference  in  the  quantity  or  quality  of  the  «• 
Rohrig  obtaineft  more  positive  results,  inasmuch  a8  he  foi 
some  of  the  briuiehes  of  tJie  external  apemiatie  supply 
fibers  to  the  blood-vessek  of  the  gland  and  influence  the 
of  milk  by  controlling  the  local  blooil*flow  in  the  glaiid* 
of  tlie  inferior  l>ranch  of  this  nerve,  for  example,  )?Ave  inci 
secretion,  while  stimulation  caused  diminished  secretion,  aa  in 
case  of  the  vasoconstrictor  filjers  to  the  kidney.  These  resoltt 
have  not  been  confirmed  by  others — in  fact,  they  have  been  sub- 
jected  to  adverse  criticism — and  they  cannot,  therefore,  be  ac- 
cepted  unhesitatingly. 

After  apparently  complete  separation  of  the  gland  from  aQ 
extrinsic  nerves,  not  only  does  the  secretion,  if  it  was  pre'  * 
present,  continue  to  form,  although  less  in  quantity,  but  in 
tions  of  this  kind  upon  pregnant  animals  the  glands  increase  in 
during  pregnancy  and  become  functional  after  the  act  of  paftun- 
tion.*    This  result  confirms  the  older  experiments  of  Goltf ,  Ri 
and  others,  according  to  which  section  of  all  the  nerves  going 
the  uterus  does  not  prevent  the  normal  effect  on  lactation  aj 
delivery.     Regarding  the  question  of  the  existence  of  secret 
nerves,  Baschf  reports  that  extirpation  of  the  celiac  ganglion  of 
section  of  the  spermatic  nerve  does  not  prevent  the  secrelw 
causes  the  appearance  of  colostrum  corpuscles. 

Experiments,  therefore,  as  far  as  they  have  been  cai 
dicate  that  the  gland  is  under  the  regidating  control  of 
tral  nervous  system,  either  through  secretory  or  more  probabhr 
through  vasomotor  fibers.  The  bond  of  connection  between  tli^ 
mammary  gland  and  the  uterus  is,  however,  established  nuinlt 
through  the  blood  rather  than  through  the  nerv^ous  s>^'tem.  iy^nf 
direct  evidence  for  this  point  of  view  is  furnished  by  the  inieregtiaj^ 
experiments  of  Starling  and  Lane-Ciaypon.J  These  authors  foiimi 
that  extracts  made  from  the  body  of  the  fetus,  or  rather  from  ihi 
bodies  of  many  fetuses,  when  injected  repeatedly  into  a  virgin  rahW 
causetl  a  genuine  development  of  the  maramar\^  glands  dortif 
simulating  the  growth  that  normally  occurs  during  pttg^tfi^' 
Since  similar  extracts  made  from  ovaries,  placental  and  utrriw 
tissues  had  no  effect,  they  conclude  that  a  specific  chemical  sah- 
stance  {a  hormone)  is  produced  in  the  fetus  itself  and,  after  alisJ'P' 
tion  into  the  maternal  blood,  acts  up<m  the  mamman'  gland,  stioH 
ulating  it  to  growth.  Since  the  birth  of  the  fetus  is  followd  ^T 
active  secretion  in  the  mammary  glands  they  adopt  further  lii 

*  MJronow,  "Archives  dm  acirncra  biolo^ques,"  Bl  Potcfabuff,  S»  ^ 

1894. 

t  Baach,  '^Ergt^bnissc  der  Physi<>ii»icif%**  vol  ii.,  port  i,  1903,  ^^ 

t  I^tiL'-ClayiM»n  smd  Htiirliti^t.  'Trm-wdings  of  \hv  Hoyal  Socirty/*  IW 

B.  Ixxvii.;  sth*  aW  SlMrliag  in  'i^ncH/'  1905, 
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ew  of  this  substance,  while  promoting  the  growth  of  the  gland 
3sue,  inhibits  the  catabolic  processes  which  lead  to  the  formation 

the  secretion.  With  the  birth  of  the  fetus  this  substance  is 
ithdrawn  and  secretion  begins,  and,  on  the  contrary,  the  secretion 
suspended  when  a  new  pregnancy  is  well  advanced.  Further 
idence  of  the  same  kind  is  fiunished  by  the  interesting  case  of  the 
lazek  sisters.*  These  twins  had  a  common  circulation  but  sepa- 
te  nervous  systems.  Pregnancy  and  parturition  in  one  was 
Ilowed  by  a  secretion  of  the  mammary  glands  of  both. 

As  was  said  in  speaking  of  the  histology  of  the  gland,  the  se- 
eting  alveoli  are  not  fully  formed  imtil  the  first  pregnancy.  Dur- 
g  the  period  of  gestation  the  epithelial  cells  multiply,  the  alveoli 
e  formed,  and  after  parturition  secretion  begins.  As  the  liquid 
formed  it  accumulates  in  the  enlarged  galactophorous  ducts,  and 
ter  the  tension  has  reached  a  certain  point  further  secretion 
apparently  inhibited.  If  the  ducts  are  emptied,  by  the  infant 
'  otherwise,  a  new  secretion  begins.    The  emptying  of  the  ducts, 

fact,  seems  to  constitute  the  normal  physiological  stimulus  to 
le  gland-cells,  but  how  this  act  affects  the  secreting  cells,  whether 
flexly  or  directly,  is  not  known. 

The  possibility  that  the  mammary  secretion  is  influenced  by 
irious  internal  secretions  has  been  brought  out  by  the  experiments 

Ott  and  Scott,  t  These  observers  find  that  extracts  of  several 
ands,  particularly  of  the  posterior  lobe  of  the  hypophysis  and  of 
le  corpus  luteum,  have  a  distinct  stimulating  effect  upon  the 
anunary  gland.  Whether  or  not  this  influence  is  exerted  nor- 
ally  remains  to  be  determined. 

Composition  of  the  Milk. — The  composition  of  milk  is  com- 
ex  and  variable.  J    The  important  constituents  are  the  fats,  held 

emulsion  as  minute  oil  droplets,  and  consisting  chiefly  of  olein 
id  palmitin;  casein,  a  nucleo-albumin  which  clots  under  the  in- 
lence  of  rennin;  milk-albumin  or  lactalbumin,  a  proteid  resem- 
ing  serum-albumin;  lactoglobulin;  lactose  or  milk-sugar;  lecithin, 
olesterin,  phosphocamic  acid,  urea,  creatin,  citric  acid,  enzymes, 
d  mineral  salts.  It  is  well  known  also  that  many  foreign  sub- 
inces — drugs,  flavors,  etc. — introduced  with  the  food  are  secreted 
the  milk.  An  average  composition  is:  proteins,  2  to  3  per  cent. ; 
ts,  3  to  4  per  cent.;  sugar,  6  to  7  per  cent.;  salts,  0.2  to  0.3  per 
tnt.  The  fact  that  casein  and  milk-sugar  do  not  exist  preformed 
the  blood  is  an  argument  in  favor  of  the  view  that  they  are  formed 
T  the  secretory  metabolism  of  the  gland  cells.    The  special  com- 

♦  Basch,  "Deut.  Med.  Wochenschirft,"  36,  981,  1910. 

t  Ott  and  Scott,  'Therapeutic  Gazette,"  Oct.,  1911,  May  and  Nov.  1912. 

J  For  data  as  to  composition  and  hyjj^ienic  relations,  see  Bulletin  41, 
lygienic  Laboratory,"  Public  Health  and  Marine  Hospital  Service,  U.  S., 
ashington,  1908. 
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poeition  of  the  miUc-fat  and  the  histological  appeamnee  of  the 
giand  cells  during  secretion  lead  to  the  view  that  the  fat  is  abo 
constructed  within  the  gland  itself,  Bunge  has  called  atteotioD 
to  the  fact  that  the  inorganic  salts  of  milk  differ  quantitativfljr 
from  tiiosie  in  the  blood-plasma  and  recsemhle  closely  the  pTOpot* 
tions  found  in  the  body  of  the  young  animal,  thus  iDdicating  so 
adaptive  secretion.  This  fact  is  illustrated  in  the  folbwin^E  Ul>fc 
giving  the  mineral  constituents  in  100  parts  of  ash: 


Y0DN6  Pop.     Doga'  Uilk,     Doa«*  Smnc- 

K,0 8.5  10.7  14 

Na,0 8.2  6.1  511 

CaO- 35.8  34.4  11 

M^^ ....t L6  1.5  0.5 

Fe.O^ *  0.34  aU  0  12 

PA - 39.8  37.5  5.9 

CI 7.3  12.4  47.0 

On  account  of  the  use  of  cows*  milk  in  plaee  of  human  milk  in 
the  nuurishmont  of  infants  much  attention  has  been  given  W 
the  relative  composition  and  properties  of  the  two  secreticMUL 
The  chief  difference  between  the  two  lies  apparently  in  the  cBsm. 
The  casein  of  human  niilk  is  smaller  in  amount,  curdles  in  loo«f 
flocks  than  that  of  cows'  milk,  and  seems  to  di^lve  more  eislf 
and  completely  in  gastric  juice.  The  former  also  contains  reli* 
tivel}^  more  lecithin  and  less  ash,  particularly  the  lime  salta.  On 
the  other  hand,  cows'  milk  contains  less  sugar  and  fat.  In  uang 
itj  therefore,  for  the  nutrition  of  infants  it  is  customar}''  to  add 
water  and  sugar.  The  composition  of  cows'  milk  is  so  well  knoim 
that  it  is  easy  to  modify  it  for  special  cases  according  to  the  in- 
dications. The  rules  for  this  procedure  will  be  foimd  in  wQtki 
upon  pediatrics. 


CHAPTER  Lin. 
PHYSIOLOGY  OF  THE  HALE  REPRODUCTIVE  ORGANS. 

Puberty. — The  sexual  life  of  the  male  is  longer  than  that  of  the 
female.  Puberty  or  sexual  maturity  begins  somewhat  later, — ^in 
temperate  climates  at  about  the  fifteenth  year;  but  there  is  no  dis- 
tinct limitation  of  the  reproductive  powers  in  old  age  correspond- 
ing to  the  menopause  of  the  female.  At  the  time  of  puberty  and 
for  a  short  preceding  period  the  boy  grows  more  rapidly  in  stature 
and  weight,  and  the  assumption  of  its  complete  functions  by  the 
testis  exerts  a  general  influence  upon  the  organism  as  a  whole. 
One  of  the  superficial  changes  at  this  period  which  is  very  evident 
is  the  alteration  in  pitch  of  the  voice.  Owing  to  the  rapid  growth 
of  the  larynx  and  the  vocal  cords  the  voice  becomes  markedly 
deeper,  and  the  change  is  in  some  cases  sufficiently  sudden  to  cause 
the  well-known  phenomenon  of  the  breaking  of  the  voice.  The 
neuromuscular  control  of  the  vocal  cords  becomes  for  a  time  im- 
certain.  The  completion  of  puberty  can  not  be  determined  in  the 
boy  with  the  same  exactness  as  in  the  girl,  in  whom  menstruation 
furnishes  a  visible  sign  of  sexual  maturity.  Part  of  the  sexual 
mechanism  may  be  functional  long  before  the  time  of  puberty, 
as  is  shown  by  the  presence  of  sexual  desire  and  the  possibility 
of  erection;  but  fully  developed  spermatozoa  are  not  produced 
imtil  this  period,  and  indeed  the  presence  of  ripe  and  functional 
spermatozoa  in  the  testis  is  the  only  certain  sign  that  sexual  ma- 
turity has  been  attained.  Puberty  as  thus  defined  consists  in  the 
maturation  of  the  testis  in  the  male,  and  of  the  ovary  in  the  female. 

It  will  be  recalled  that  in  the  interesting  work  upon  the  internal 
secretion  of  the  testes  reported  by  Steinach  (p.  867),  he  empha- 
sizes the  fact  that  these  organs  consist  of  two  distinct  parts,  the 
reproductive  cells  proper  lining  the  seminiferous  tubules  and  the 
interstitial  tissue.  This  latter  tissue  forms  the  internal  secretion, 
which  is  responsible  in  all  probability  for  the  development  of  the 
secondary  sexual  characteristics,  such  as  the  enlargement  of  the 
penis  and  its  accessory  glands  (vesicles,  prostate),  the  appearance 
of  sexual  desire,  the  prepubertal  growth,  etc.  Since  the  full  devel- 
opment of  these  characteristics  marks  the  appearance  of  puberty, 
Steinach  proposes  to  designate  the  mass  of  interstitial  tissue  as  the 
"pubertal  gland."     Normally,  the  full  establishment  of  the  sex 
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characteristics  is  coincident  \\ith  the  maturation  of  f\mct 
activity  in  the  generative  part  of  the  gland,  and  the  praeticxvl  iiwi 
cation  of  the  completion  of  puberty  is  the  formation  of  spermatoi 
In  Steinach'.s  experiments  these  two  functions  of  the  testis  WKie 
separated,  and  puberty,  so  far  as  the  development  of  sex  chararUt- 
istics  was  concerned,  was  estabhshed  \iithout  the  productioD  a( 
spermatozoa.     It  seems  probable  that  the  secretions  of  the  int' 
stitiai  tissue  begin  Ut  influence  the  rest  of  the  orgnnism  «>omctii 
}:)efore  the  generative  elements  mature,  since  sexual  appelile  maf^ 
be  present  before  puberty,  and  the  prepubertal  growth  cbanitw 
appear  gradually.   The  history  of  this  tissue,  moreover,  is  bound 
in  some  intimate  way  with  the  activity  of  other  glands  of  int 
secretion,  with  the  th>Tiius,  the  cortical  portion  of  the  adi 
gland,  and  particularly  with  the  pituitary  gland.     It  will  h^ 
membered  that  deficiency  of  the  pituitary  gland  (posterior  lobe) 
accompanied  by  a  condition  of  sexual  infantilism. 

The  Properties  of  the  Spennatozoa.^The  development  and 
maturation  of  the  spermatozoa  in  the  testis  has  been  folloml 
successfully  by  liistological  means*  The  mother-cells  of  tlie  8p«^ 
matozoa,  the  spermatocytes,  give  rise  to  four  daughter-cells, 
matids,  each  of  which  develops  into  a  functional  spermat 
The  process  in  this  case  is  something  more  than  mere  cell  di^ 
since  in  the  spermatozoa  eventually  produced  the  number 
chromosomes  present  in  the  nucleus — that  is,  the  head  of  the  ape^ 
matozoon — are  reduced  by  one-half.  The  process  of  production 
of  the  spermatozoa  is  therefore  quite  analogous  to  the  maturation 
of  the  o\iim  during  the  formation  of  the  polar  bodiee.  The  tcomi- 
tion  and  maturation  of  the  spermatozoa  may  be  represei 
a  schema  similar  to  that  used  in  the  case  of  the  ova,  a^  foUo^ 
306) :  In  the  ca.se  of  the  ovum  four  ova  are  produced,  but  only 
is  functional,  and  this  one,  the  ripe  egg,  is  characterized  by  its 
amount  of  cytoplaemj  its  inability  to  undergo  further  cell 
until  fertilized,  and  the  reduction  of  its  chromosomes  to  half  theauia- 
her  characteristic  of  the  body  cells  of  the  species.  In  the  pi« 
of  the  spermatozoa,  the  four  cells  produced  are  all  function*!/ 
and  are  characterised  by  the  practical  loss  of  cytoplfli^m,  Jfdut^ 
tion  of  chromosomes  by  one-half,  and  inability  to  multiply  imtil 
cell  material  is  furnished.  The  two  cells  supplement  each  otbff. 
therefore.  Their  union  restores  the  normal  number  of  chronw- 
somes,  part  of  which  are  now  maternal  and  part>  paternal;  the  *^ 
supplies  the  c^-t.oplasm  and  the  ,si>erm?itozrK>n  nuclear  material  ao^ 
the  definite  stimulus  that  leads  to  multiplication, 

•  U  JB  an  interesting  fact  that  in  some  c^ism  Cbeee)  two  kinda  of  ipciinil^ 
are  formed  by  an  unequal  diviaion  6f  th*^  .-^pc-rraalocyte,  and  the  trntSm  « 
the  two  is  abortive,  as  m  the  case  of  the  polar  bodies  of  the  figg. 
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The  spermatozoa  are  produced  in  enormous  numbers.    It  is 
calculated  that  at  ejaculation  each  cubic  centimeter  of  the  liquid 
contains  from  sixty  to  seventy 
milUons  of  these  cells.     The  j^ Primary 

adult     ripe      spermatozoon     is  /\  apermatooyte. 

characterized  as  an  independ-  V  V Secondary 

ent  cell  by  its  great  motility,         A         PT  apennatocyte* 

due  to  the  cilia-like  contrac-  J  \  J  \ 

tions  of  its  tail.    Its  power  of  f     t  f     T Spermatids. 

movement   or   its  vitality   is  I       I  I 

retained  under  favorable  con-  •      *  ^      * Spermatoaoa. 

ditionS  for  very  long   periods.  ^  30«. -Schema  to  indicate  the  proo- 

j*\  ...         .       ^  ,       «B    of   maturation    of    the  apermatosoa. — 

The  most  stnkmg  instance  of     Cfiowrt). 
this  fact  is  found  in  the  case 

of  bats.  In  these  animals  copulation  takes  place  in  the  fall  and 
the  uterus  of  the  female  retains  the  spermatozoa  in  activity  until 
the  period  of  ovulation  in  the  following  spring.  Even  in  the  human 
being  it  is  believed  that  the  spermatozoa  may  exist  for  many  days 
in  the  uterus  and  Fallopian  tubes  of  the  female.  In  the  semen  that 
is  ejaculated  during  coitus  the  spermatozoa  are  mixed  with  the 
secretions  of  the  accessory  reproductive  glands,  such  as  the  seminal 
vesicles,  the  prostate  gland,  and  Cowper's  gland.  The  specific  in- 
fluence of  each  of  these  secretions  is  not  entirely  understood,  but 
experiments  show  that  in  some  way  they  are  essential  to  or  aid 
greatly  in  maintaining  the  motility  of  the  spermatozoa.  Steinach  ♦ 
has  found,  for  example,  that  removal  of  the  prostate  gland  and 
seminal  vesicles  in  white  rats  prevents  successful  fertilization  of  the 
female,  although  the  ability  and  desire  to  copulate  are  not  inter- 
fered with.  This  result  has  been  corroborated  by  Walker,  t  Accord- 
ing to  this  author,  removal  of  both  the  prostate  and  seminal  vesicles 
in  the  rat  leaves  the  testes  in  apparently  normal  condition,  but  the 
ftnimftls  are  not  able  to  fertilize  the  female.  Removal  of  the  testes, 
on  the  other  hand,  prevents  the  development  of  the  prostate  in  the 
young  animal  and  causes  atrophy  of  the  gland  in  the  adult.  Evi- 
dently, therefore,  the  testis  controls,  in  some  way,  probably  by  a 
hormone,  the  metabolic  processes  in  the  prostate.  Walker  believes 
that  the  prostatic  secretion  aids  in  rendering  the  spermatozoon 
properly  motile.  The  secretion  of  the  seminal  vesicles,  he  finds, 
exhibits  a  curious  property  of  clotting  upon  mixture  with  the 
secretion  of  a  small  gland  at  its  base — the  coagulating  gland.  If 
the  secretion  of  the  vesicles  follows  the  ejaculation  of  the  semen,  it 
is  possible  that  the  coagulation  of  the  former  serves  to  occlude  the/ 

*  See  Steinach,  "Archiv  f .  die  gesammte  Physiologie,"  56, 1894,  and  Walker, 
"Archiv  f.  Anatomic  u.  Physiologie,"  1899,  p.  313. 

t  Walker,  "Johns  Hopkins  Hospital  Reports,"  16,  1911,  and  "Johns  Hop- 
kins BuUetin,"  21,  1910. 
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vagina  in  the  female  and  thus  prevent  the  loss  of  the  fertiliiiDg 
liquid.  The  union  of  spermatozoon  ajid  ovum  is  VieUevtid  to 
take  place  usuall}'  in  the  Fallopian  tube,  and  under  nonnal  con- 
ditions only  one  spermatozoon  penetrates  into  the  egg.  TV 
remainder  of  the  great  number  that  may  be  present  eveotually 
perish.  The  changes  that  take  place  during  the  process  of  fer- 
tilization have  already  been  described  (p,  9.%). 

Chemistry  of  the  Spermatozoa.— Much   chemical  work  baft 
been  done  upon  the  composition  of  spermatozoa,  particulikriy  in 
the  fishes.     The  results  have  been  most  interesting  from  a  chem- 
ical standpoint,  and  biologically  they  are  suggestive  in  that  Ibe 
analytical  work  has  been  done  upon  the  heads  of  the  spemiatOKii. 
These  heads  consist  entirely  of  nuclear  material,  and  contain  the 
substance  or  substances  which  convey  the  hereditary  characteristira 
of  the  father,  or,  to  speak  more  accurately,  of  the  rae^  to  which  tbi 
father  belongs.   Whatever  progress  may  be  made  in  the  under^ftand* 
ing  of  the  chemistry^  of  this  materiiil  is  a  step  toward  the  solutioinif 
the  most  difficult  and  mysterious  side  of  reprotluction,  I  he  power 
of  hereditary  transmission.     Mieseher,  in  investigations  upon  the 
spermatozoa  of  salmon,  discovered  that  the  heads    are   composed; 
essentially  of  an  organic  combination  of  phosphoric  acid*  sinci 
desig^nated  as  nucleic  acid,  united  with  a  basic  albuminous  Ixxlft 
protamin.     This  view  has  Ijeen  confirmed  and  extended  by  laiet 
observers,  especially  by  Kossel  and  his  pupils.*    The  he^d  of  iba 
spermatozoon,  the  male  pronucleus  in  fertilization^  may  be 
fined,  in  the  case  of  the  fishes  at  least,  as  **a  salt  of  an  organi 
base  and  an  organic  acid,  a  protamin-nucleic  acid  compound 
The  term  protamin  is  used  now^  to  designate  a  group  of  closet] 
related    proteins   obtained    from    the    spermatozoa   of   different 
animals.     The  sfx^cial  protamin  of  each  species  is  designated  i^* 
cording  to  the  zoological  name  of  that  species;   thui?  the  prouroin 
of  salmon  is  salmin,  of  hering  (Clupea  harengus)  clupein,  and  so  ca 
The  protamins  are  all  strong  bases;   their  aqueous  solutions  givt 
an  intense  alkaline  reaction,  and  they  unite  readily  with  varifloi 
acids  to  form  well-defined  salts.     They  are  protein  bodied,  p^- 
ing  the   biuret   reaction   readily  even   ^^ithout   the  addition  of 
alkali,  and  they  are  precipitated  by  most  of  the  gejieral  precipiUfltt 
of  proteins,  such  as  the  neutral  salts,  the  alkaloidal  reagents, 
Their  solutions,  however,  are  not  coagulated  by  heat.    The  mo) 
ular  formula  for  salmin  is  given  as  CjK^H^^Nj.Og.     When 
posed  by  the  action  of  acids  they  yield  simpler  basic  pi 
the  so-calied  hexon  bases  or  diamino-bodies,  and  piirticuUi 
base  arginin  (CaHuNiOa),  which  is  containeil  in  the  proHumD 

*  For  Ijteniiim*  and  details  of  tho  ehemisln^  of  8pertnttlozoiL,  ere  I 
in  **Ergebmsse  der  Physiologie/'  vol.  iii.,  part  i,  1904,  and  190R,  v  ,  S^ 
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the  spermatozoa  in  greater  abundance  than  in  any  other  protein. 
The  protamins  differ  from  most  other  protein  compounds  by  their 
relative  simplicity;  they  contain  no  cystin  grouping,  therefore  no 
sulphur;  no  carbohydrate  grouping  in  most  of  the  compounds 
examined;  and  no  ty rosin  complex.  In  the  spermatozoa  of  some 
fishes  the  protamins  are  replaced  by  more  complex  compounds 
belonging  to  the  group  of  histons  which  show  properties  somewhat 
intermediate  between  those  of  protamins  and  ordinary  proteins, 
and  in  general  it  may  be  said  that  the  head  of  the  spermatozoon, 
like  the  nuclei  of  cells  in  general;  consists  chiefly  of  a  nucleoprotein 
compound,  that  is,  a  compound  of  nucleic  acid  with  a  protein  body 
of  a  more  or  less  distinctly  basic  character.*  The  nucleic  acid  com- 
ponent of  the  spermatozoon  resembles  the  same  substance  as 
obtained  from  the  nuclei  of  other  cells.  In  the  spermatozoa  of  the 
sahnon  this  nucleic  acid  has  the  formula  C^H5^Ni^PP26-  On 
decomposition  by  hydrolysis  it  yields  at  first  some  of  the  purin  bases 
(adenin,  guanin),  and  on  deeper  cleavage  a  number  of  compounds, 
including  the  pyximidin  derivatives,  thymin,  uracil,  and  cytosin. 
While  the  chemical  studies  upon  spermatozoa,  thus  briefly  referred 
to,  have  greatly  extended  our  knowledge,  it  is  still  impossible  to 
say  that  they  have  given  any  information  concerning  the  peculiar 
functions  of  the  spermatozoa  in  fertiUzation. 

The  Act  of  Erection. — ^In  the  sexual  life  of  the  male  the  act  of 
erection  of  the  penis  during  coitus  offers  a  most  striking  physical 
phenomenon.  During  this  act  the  penis  becomes  hard  and  erect, 
owing  to  an  engorgement  with  blood.  The  structure  of  the  corpora 
cavernosa  and  corpus  spongiosum  is  adapted  to  this  function,  being 
composed  of  relatively  large  spaces  inclosed  in  trabecute  of  connec- 
tive and  plain  muscle  tissue, — ^the  so-called  erectile  tissue.  Many 
theories  have  been  proposed  to  explain  the  mechanism  of  erection, 
but  it  is  generally  agreed  that  the  work  of  Eckhardf  demonstrated 
the  essential  facts  in  the  process.  This  investigator  discovered  that 
in  the  dog  stimulation  of  the  nervi  erigentes  causes  erection.  These 
nerves  are  composed  of  autonomic  fibers  arising  from  the  sacral  por- 
tion of  the  spinal  cord  (see  Figs.  Ill  and  112).  They  arise  from  the 
sacral  spinal  nerves,  first  to  third  (dog),  on  each  side  and  help  to 
form  the  pelvic  plexus.  They  contain  vasodilator  fibers  to  the  penis, 
as  well  as  to  the  rectum  and  anus,  and  also  visceromotor  fibers  to  the 
descending  colon,  rectum,  and  anus.  Eckhard,  Lov^n,  and  others | 
.have  shown  that  when  these  fibers  are  stimulated  there  is  a  large 
dilatation  of  the  arterioles  in  the  erectile  tissue  of  the  penis  and  a 

*  Burian,  loe,  cU. 

t  Eckhard,  "Beitrage  zur  Anatomie  und  Physiologie,"  2,  123,  1863,  and 
4,  69,  1869. 

t  See  especially  Fran^ois-Franck,  "Archives  de  Physiol,  norm,  et  pathol.,'* 
1895,  122,  138. 
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greatly  augmeated  blood-flow  to  the  organ.  If  the  erectile 
is  cut  or  the  tlorsal  vein  is  opened  the  blood-flow  under  usual 
ditions  is  a  slow  stream,  but  when  the  neniis  erigens  is  stimiikl 
the  outflow  is  vety  greatly  increased;  according  to  B 
measurements,  eight  to  fifteen  times  more  blood  flows  out  of  the 
organ.  The  act  of  erection  la  therefore  due  essentially  to  a  vur 
cular  dilatation  of  the  small  arteries  whereby  the  cavernous  spaces 
become  fiiled  with  blood  under  considerable  pressure.  The  caver- 
nous tissues  are  distended  to  the  limits  permitted  by  their  tougbg 
fibrous  wall  It  seems  probable  that  the  turgidity  or  rigiditr 
the  congested  organ  is  completed  by  a  partial  occlui^oci  <rf 
venous  outflow,  which  is  efi'ected  by  a  compression  of  the 
vein  by  means  of  the  extrinsic  muscles  (bchio  and  bulboca 
and  possibly  by  the  intnnsic  musculature  as  welJ*  This  eompm* 
sion  does  not  occlude  the  blood-flow  completely,  but  serves  to 
crease  greatly  the  venous  pressure.  This  explanation  of  the  art 
erection,  while  no  doubt  correct,  so  far  as  it  goes,  leaves  undcH 
mined  the  means  by  which  the  dilatation  of  the  small 
produced.  Vasodilator  nerve  fibers  in  general  are  asi^umed 
duce  a  dilatation  by  inhibiting  the  peripheral  tonicity  of  tbe 
arterial  w^alls.  If  this  explanation  is  applied  to  tbe  case  undef 
coosideration  it  forces  us  to  believe  that  throughout  life,  except 
for  the  very  occasional  acts  of  erection,  the  arteries  in  tbe  f^ 
are  kept  in  a  constant  condition  of  active  tone.  Moreover*  on  ihii 
view  we  should  expect  that  section  of  the  vasoconstrictor  fibers  U) 
the  penis,  by  abolishing  the  tone  of  the  arteries,  would  also  caa^r 
erection.  These  constrictor  libera  arise  from  the  second  to  fifth 
himbar  spinal  nerves,  and  reach  the  organ  bj^  way  of  the  by 
gastric  nerve  and  plexus  and  the  pudic  nerve.  No  such  result 
their  section  is  reported  and  it  seems  that  in  the  matter  of 
tion  the  actual  mechanism  of  the  great  dilatation  caused  by 
nervi  eripentes  still  contains  some  points  that  need  investigatkiL 

The  Reflex  Apparatus  of  Erection  and  Ejaculation— Tbe 
dilatation  of  the  arteries  of  the  penis  during  erection  is  normally  a 
reflex  act,  effected  through  a  center  in  the  lumbar  cord.  This  center 
may  be  acted  upon  by  impulses  descending  from  the  brai&t  9B 
in  the  case  of  erotic  sensations,  or  by  afferent  impulses  arisitig 
some  part  of  the  genital  tract, ^ — from  the  testes  themselves 
the  urethra  or  prostate  gland^  and  especially  from  the  glans 
Mechanical  stimulation  of  the  glans  leatls  to  erection,  and  Eel 
showed  in  dogs  that  section  of  the  pudic  nen^e  preventa  this  reflex 
from  occurring,  proving,  therefore,  that  the  sensory  fibers  eoncenweii 
nm  in  the  pudic  ner\T,  Stimulation  of  these  latter  fillers  Icadi?  ate(» 
to  erotic  sensations  and  eventually  to  the  completion  of  the  senial 
orgasm.     This  latter  act  brings  about  the  forcible  ejection  of  ^ 
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jperm  through  the  urethra.  It  is  initiated  by  contractions  of  the 
nusculature  of  the  vasa  deferentia,  ejaculatory  duct,  the  seminal 
vesicles,  and  the  prostate  gland,  which  force  the  spermatozoa,  to- 
5ether  with  the  secretions  of  the  vesicles  and  prostate  gland,  into 
;he  urethra,  whence  they  are  expelled  in  the  culminating  stage  of 
ihe  orgasm  by  the  rhythmical  contractions  of  the  ischiocavemosus 
md  bulbocavemosus  muscles,  together  with  the  constrictor  urethrae. 
rhe  immediate  center  for  this  complex  reflex  is  assumed  to  lie  in 
ike  lumbar  cord,  since,  according  to  the  experiments  of  Goltz, 
nechanical  stimulation  of  the  glans  in  dogs  causes  erection  and 
seminal  emission  after  the  lumbar  cord  is  severed  from  the  rest  of 
he  central  nervous  system.  Under  ordinary  conditions  the  act  is 
iceompanied  by  strong  psychical  reactions  which  indicate  that 
;he  cortical  region  of  the  cerebrum  is  involved.  It  is  interesting  in 
his  connection  to  find  that  electrical  stimulation  of  a  definite  re- 
gion in  the  cortex*  of  dogs  may  cause  erection  and  ejaculation. 

*  Puasep,   quoted  from  Hermann's  "  Jahresbericht    der    Physiologie/' 
oL  id,  1903. 


CHAPTER  LIV. 


HEREDITY— DETERMINATION  OF  SEX— GROWTH  AND 

SENESCENCE. 


Heredity* — The  development  of  the  fertilized  o^'um  oflFerstio 
general  phenomena  for  consideration:  First,  the  mere  fact 
tipli cation  by  which  an  iniinite  numter  of  cells  are  produced 
Bucces^ive  celkiivisions;  second,  the  fact  that  these  cells 
differentiated  in  structure  in  an  orderly  and  determinate  way  so  as 
to  form  an  organism  of  definite  stnicture  Eke  those  which  g»ve 
origin  to  the  o\iim  and  the  spermatozoon.  In  other  words,  the 
fertihzed  ovum  possesses  a  property  which »  for  want  of  a  betto' 
term,  we  may  riesignate  as  a  form-building  power.  The  ovum 
develops  true  to  it.s  species,  or.  indeed,  more  or  less  strictly  in  accord- 
ance with  the  peculiarities  of  structure  characteristic  of  its  paraitiL 
The  object  of  a  complete  theory  of  heredit>'  is  to  ascertain  the  me- 
chanical caoses^that  is,  the  physicoehemical  properties— resi- 
dent in  the  fertilized  ovum  which  impel  it  to  follow  in  each  case  ft 
definite  line  of  development.  The  discussions  upon  this  point  have 
centered  around  two  fundamentally  different  conceptions  designated 
as  evolution  and  epigenesis. 

Evolution  and  Epigcjiesu.— The  earlier  embn*olngists  found  i 
miperficial  explanation  of  this  problem  in  the  view  that  in  the 
cells  there  exist^s  a  miniature  animal  already  preformed,  and 
its  development  under  the  influence  of  fertilization  consists  ii 
process  of  grc)wth  by  means  of  w^hich  the  minute  organism 
unfolded,  as  it  were.  The  process  of  development  is  a  proceai 
evolution  of  a  pre-existing  structure.  Inasmuch  as  countleoB  bt 
dividuals  develop  in  successive  generations*  it  was  asninied  il» 
that  in  the  germ  cell  there  are  inchuled  counties  miniature  orpwi- 
isms, — one  incaxsed,  as  it  were,  in  the  other.  Some  of  the  etnhrr' 
ologists  of  that  period  conceived  that  the  undeveloped  embr)*o«ftff 
contained  in  the  o\aim, — the  ovists, — ^while  others  believed  that 
they  are  present  in  the  spermatozoon,  the  animalculists.  Other 
embrv'ologists  pcdnted  out  that  the  fertilized  egg  shows  no  indicatioB 
of  a  preformed  stnicture,  and  therefore  conchided  that  development 
starts  from  an  essentially  structurelegs  cell,  and  consists  in  the 
successive  formation  and  addition  of  new  parts  which  do  not  prf- 
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exist  as  such  in  the  fertilized  egg.  This  view  in  contradistinction 
to  the  evolution  theory  was  designated  as  epigenesis.  Microscopi- 
cal investigation  has  demonstrated  beyond  all  doubt  that  the  fer- 
tilized ovum  is  a  simple  cell  devoid  of  any  parts  or  organs  resem- 
bling those  of  the  adult,  and  the  evolution  theory  in  its  crude  form 
has  been  entirely  disproved.  Nevertheless  the  controversy  be- 
tween the  evolutionists  and  epigenesists  still  exists  in  modified 
form.  For  it  is  evident  that  in  the  fertilized  ovum  there  may  exist 
preformed  mechanisms  or  complexes  of  molecules  which,  while  in  no 
way  resembling  anatomically  the  subsequently  developed  parts  of 
the  organism,  nevertheless  are  the  foundation  stones,  to  use  a  figure 
of  speech,  upon  which  the  character  of  the  adult  structure  depends. 
Such  a  view  in  one  form  or  another  is  probably  held  by  most  bi- 
ologists, since  it  avoids  the  well-nigh  inconceivable  difficulties  of- 
fered by  a  completely  epigenetic  theory.  If  the  fertilized  ovimi 
of  one  animal  is  in  the  beginning  substantially  similar  to  that  of 
any  other  animal  the  epigenesist  must  ascertain  what  combination 
of  conditions  during  the  process  of  development  causes  the  egg, 
in  a  dog,  for  instance,  to  develop  always  into  a  dog,  and  moreover 
into  a  certain  species  of  dog  resembling  more  or  less  exactly  the 
parent  organisms.  The  infinite  difficulties  encountered  by  such  a 
point  of  view  are  apparent  at  once.  In  this,  as  in  other  similar  prob- 
lems, experimental  work  is  gradually  accumulating  facts  which 
throw  some  light  upon  the  matter  and  may  eventually  lead  us  to  the 
right  explanation.  It  has  been  made  highly  probable  that  the  chro- 
matin material  in  the  nuclei  of  the  germ  cells,  the  chromosomes, 
constitute  the  physical  basis  of  hereditary  transmission.  In  the 
fertilized  egg,  it  will  be  remembered,  half  of  the  chromosomes  come 
from  the  mother  and  half  from  the  father,  and  there  is  good  reason 
for  beUeving  that  the  maternal  chromosomes  are  the  bearers  of  the 
maternal  characteristics,  and  the  chromosomes  derived  from  the 
spermatozoon  convey  the  hereditary  traits  of  the  father.  Such 
a  view,  it  will  be  noticed,  implies  at  once  preformed  structures 
in  the  chromosomes  and  constitutes  one  form  of  an  evolutionary 
hypothesis.  This  view  is  further  supported  by  the  interesting  ex- 
periments of  Wilson.* 

This  author  has  shown  that  in  certain  molluscs  (Dentalium  or 
Patella)  if  a  portion  of  the  egg  is  cut  off,  the  remaining  portion  upon 
fertilization  develops  into  a  defective  animal  that  is  not  a  whole 
embryo,  but  rather  a  piece  or  fragment  of  an  embryo.  Or  if  the 
fertilized  egg  after  its  first  segmentation  is  separated  artificially 
into  two  independent  cells  each  develops  an  embryo,  but  neither  one 
is  completely  formed, — each  is  lacking  in  certain  structures  and 

♦  Wilson,  " Science,"  February  24,  1905,  for  a  popular  discussion;  also 
"Journal  of  Experimental  Zoology,"  1,  1  and  197,  1904,  and  2,  371,  1905. 
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the  two  must  be  taken  together  to  constitute  an  entirely  normal 
aninml.     By  experiments  of  this  kind  it  has  been  shown  that  cer- 
tain definite  portions  of  the  egg  are  responsible  for  the  formalion 
of  particular  organs  in  the  atlull.     If  these  |K>rtions  of  the  egg&re 
removed  the  organs  in  question  are  not  developed.     Facts  of  thi* 
kind  lead  to  the  evohitionary  view  that  in  the  fertilized  ovum  there 
is  a  collection  of  different  nmterials  designated  as  formative  stuffs 
each  of  which  is  spjecihc, — that  is,  develops  into  a  special  structiiie. 
Many  facts  connected  with  the  regeneration  of  parts, — ^regeDeration 
of  a  lost  leg  in  a  crab,  for  example — may  be  used  to  support  a  Muiar 
view  of  the  existence  of  sj>eeific  formative  stuffs  in  the  cells  of  the 
body.*    Wilson  has  suggested  an  attractive  theor>'  w^hich  setfm^io 
account  for  the  facts  known  at  present  and  forms  an  acceptable  coiOr 
promise  between  the  extremes  of  epigenesis  and  evolution,    Aceord" 
ing  to  him,  the  germ  (fertilized  ovum)  contains  tw^o  elements,  omot 
which  imdergoes  a  development  that  is  essentially  epigenetic,  while 
the  other  contains  a  preformeti  structure  which  controls  and  det^- 
mines   the  course  of  development.    The  first  is  represented  by  the 
cytoplasm  of  the  egg,  the  second  by  the  chromatin  (chromosouies) 
of  the  nucleus.     The  latter  have  specific  stnictures,  and  under  tbrir 
influence  the  nutritive  undifferentiateti  material  of  the  cytoplastu 
is  modified  to  form  specific  formative  stulfs  differing  in  character 
in  the  developing  ova  of  different  animals.    Many  interesting 
eral  theories  of  heredity  have  been  proposed  by  Darwin,  Xagel 
Weissmann,  Mendel.  CJalton,  Brooks,  and  others.     It  is  impoesil 
to  give  here  an  outline  of  all  these  theories,  but  a  word  nmy  be 
said  regarding  the  work  of  de  \'ries  and  Mendel,  which  ha%*egxvcii 
rise  recently  to  so  much  discussion.     For  fuller  information 
reader  is  referred  to  special  treatises  on  the  subject.f     Accti 
to  the  well-known  views  of  Darwin  in  regard  to  the  action 
natural  selection  it  was  assumed  that  new  varieties  and  sf)0cii8 
are  formed  by  the  cumulative  action  of  selection  upon  small 
fluctuating    variations.     By    this    cumulative    selection  certain 
variations  are  preserved  and  stre Jigtheiied  until  they  ar^  suffi- 
ciently  marked   tu   constitute   a   sjiecific   difference^  the  fm>rt« 
requiring  naturally  a  long  period  of  time.     In  contrast  with  this 
view  de  \'ries  has  suggeste<l   what  is  commonly  known  na  tbc 
theory  of  nmtatiims.     According  to  this  view  the  variiubility  m 
the  germ  plasm  is  such  that  it  may  at  times  give  rise  not  to  thrxih 
ating  variations  but  to   marked  and  permanent  variaiions,  and 

*  For  a  discuAston  of  these  fact^  and  for  various  hypotli^seSt  see  Morpa. 
*  *  Regenera  t  ion, '  ^  Xt'  w  Yo  rk ,  1 90 1 . 

f  Hertwig,  ''The  Biological  Problems  of  To-day":  Dela^,  "Llilrt'di*' 
et  les  grands  probli^ujus  de  ta  biologie  g^n^rale, "  UK>3;  Thomson.  ''Heffditr/' 
1908;  KellogK,  *' Darwinism  To-day/'  190«;  Jordan  and  Kelltugg,  **  Evolution 
and  Animal  Life,''  HK)7. 
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these  latter,  if  advantageous  to  the  animal,  are  preserved  by 
latural  selection.  Such  permanent  variations  are  known  as 
mutations  or  ** sports,''  and  in  consequence  of  their  formation 
ind  preservation  the  process  of  evolution  may  proceed  much 
nore  rapidly  than  was  assumed  to  be  the  case  in  the  original 
•orm  of  Darwin's  hypothesis.  The  contribution  made  to  our 
inderstanding  of  heredity  by  the  work  of  Mendel  and  those  who 
lave  used  his  conceptions  is  most  significant.  By  the  Mendelian 
aw  or  Mendelian  inheritance  is  meant  in  the  first  place  the  general 
dea  that  characteristics  handed  down  by  inheritance  from  parents 
x>  offspring  may  be  treated  as  separate  imits.  It  is  implied  in  this 
/iew  that  these  unit  characters  are  conveyed  by  definite  substances 
)r  structures  in  the  germ  plasm  which,  for  convenience,  have  been 
iesignated  as  "determiners"  or  "xmit-f actors."  Their  nature 
s,  of  course,  unknown.  In  some  cases  parental  characteris- 
ics  may  blend  in  the  children,  as  for  example,  in  the  case  of 
^lor,  the  mulatto  being  in  this  regard  a  blend  of  a  white  and 
k  black  parent.  In  other  cases,  however,  there  is  no  blend- 
ng,  but  an  alternation  of  one  or  the  other  of  a  pair  of  contrasting 
jharacteristics.  As  regards  such  a  pair  of  alternating  character- 
sties  Mendel  found  that  one  will  be  dominant,  the  other  recessive, 
vhenever  they  are  brought  together.  That  is  to  say,  if  each  parent 
KMBsesses  one  of  such  alternating  characteristics,  brown  eyes  and 
)lue  eyes,  for  example,  the  children  will  all  show  the  dominant 
iharacteristic,  in  this  case  brown  eyes,  but  the  other  characteristic 
vill  be  present  in  a  recessive  or  concealed  form.  In  the  hybrids 
K>sse8sing  both  characteristics  the  germ  cells  are  so  divided  that 
lalf  of  them  possess  the  dominant  alone  and  half  the  recessive 
ione.  This  constitutes  the  law  of  the  "purity  of  the  germ  cells" 
>r  of  the  "segregation  of  the  gametes."  If  two  such  hybrids  breed 
ogether  it  follows  from  the  law  of  probabilities  that  in  the  offspring 
hree  out  of  four  will  show  the  dominant  characteristic  and  one  the 
ecessive  characteristic.  Moreover,  of  those  that  show  the  domi- 
lant  characteristic  two  will  be  hybrids,  containing  also  the  recess- 
ve,  but  one  will  be  a  pure  dominant.  This  result  may  be  under- 
tood  from  the  following  formula,  in  which  D  and  R  represent 
espectively  the  dominant  and  the  recessive: 

D— R 

I       |  =  1DD,  2D(R)  and  1  RR. 
D— R 

i  two  pure  recessives  or  two  pure  dominants  breed  together,  only 
t  recessive  or  a  dominant,  as  the  case  may  be,  will  be  exhibited 
a  the  offspring,  and  in  this  way  pure  characteristics  may  be 
elected  and  established.  Such  a  process  of  selection  is  simple  in 
62 
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the  rase  of  thp  recessive  characteristics,  but  in  the  cassp  of  the 
dominant  It  is,  of  course,  naore  *lifiicu!t  to  distinguish  l>ptwcen  the 
DD  and  the  D(R),  The  distinction  may  be  made  by  breeding 
with  an  animal  showing  the  recessive.  If  the  dominant  is  p< 
all  of  the  offspring  %vill  exhibit  the  dominant  eharact-eristics. 
on  the  contrary,  it  is  a  hybrid,  the  offspring  will  be  half  doD 
and  half  recessive,  according  to  the  formula: 


D— R 

I       1  = 
R— K 


|  =  DR.  DR,  RR,  RR. 


The  many  attempts  to  verify  this  law  in  breeding  have  shows  thai 
it  expresses  probably  a  great  truth,  although  the  application  uf  it 
to  the  practical  purptsscs  of  breeding  is  beset  with  many  cornph- 
cat  ions.  The  newer  cxiK^rimentat  work  in  heretlity  has  emphasii*^! 
the  importance  of  breeding  experiments  made  with  what  are  known 
Bs  *'  pure  lines/"  that  is  to  say,  with  those  plants?  or  animab  wh 
are  capable  of  propagation  without  cross  fertilization/  ~ 
experioTcnts  have  t^ndctl  to  prove  that  the  characteristics 
each  race  or  species  arc  inherent  in  its  germ  plasm  aiid  will  1 
trne  if  not  fertihzed  or  mbced  with  germ  plasm  from  aoot] 
individual  of  different  origin.  When  there  is  cross  fertJli£atioii,( 
offspring  are  hybrids  which  exhil)it  some  of  the  characteristlCil 
each  parent.  Aceortling  to  the  Mendelian  law,  the  unit  fadoTf 
conveying  these  characteristics  are  sorted  out  or  segregate  in  the 
reproductive  cells  of  the  parents.  If  a  cross  fertilization  is  effcctii 
for  example,  between  a  white  and  a  crimson  flower  of  the  some  sp^ 
cies  the  offspring  show  an  int^rmetliatje  pink  color.  The  fuaunof 
charact-eristics  is,  however,  only  apparent,  for  in  the  repP 
cells  of  the  pink  hylirids  the  factc»rs  convejing  the  white  i 
son  characters  will  again  be  separatcMi.  That  is  to  say,  on** 
of  the  reproductive  cells  will  have  the  factor  for  white  and  < 
the  factor  for  crimson.  Two  pink  hybrids  bred  together  wiB 
produce  offspring  whose  color  characteristics  may  be  piredfe1*4 
according  to  the  Mendehan  principle^  as  follows: 

Pink  Hvbriil  Pink  Hybrid 

wc  wc 

/       \  /         \ 

Pollen    W  C  W  C 

12  3  4 

Combination  1  and  3  will  p^ve  a  pure  whitr. 
C««rnbi nation  1  xmt]  4  will  g:tve  a  hybrid  ptnk. 
CornbiiiMtion  2  Miitl  ti  will  (five*  a  hybrid  pink. 
Combination  2  and  4  will  give  a  pare  cnixMon, 

•  For  a  general  presentation  see  *'Atneriran  NutundiBt/*  Fdmn^  "^ 
Mareh,  1911,  Jennings  and  others. 
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The  results  obtained  from  crossing  hybrids  is  not  always  as  simple 
as  is  indicated  in  this  schema,  since  so-called  characteristics  may 
be  dependent  not  upon  a  single  but  upon  several  factors.  In 
general,  however,  the  Mendelian  principles  of  the  existence  of  unit 
characters  and  segregation  of  these  characters  in  the  germ  cells  are 
accepted.  They  throw  some  light  upon  what  was  before  a  very 
mysterious  process.  The  point  of  view  suggested  by  these  principles 
leads  us  to  lay  great  stress,  in  the  matter  of  breeding,  upon  the  im- 
portance of  the  characteristics  of  the  racial  strains,  and  to  value 
less  than  formerly  the  importance  of  characteristics  acquired  during 
the  life  of  the  individual  parent,  or,  expressed  in  another  way,  the 
modem  tendency  is  to  believe  that  "nature  counts  for  more  than 
nurture."  As  a  matter  of  fact  in  the  development  of  an  individual 
both  nature  and  nurture  play  important  parts;  nature,  that  is  the 
character  of  the  stock,  determines  the  potential  possibilities  in  the 
fertilized  ovum,  while  nurture,  or  the  character  of  the  environment, 
is  influential  in  exciting  or  repressing  the  development  of  these 
possibilities.  The  full  comprehension  of  the  fundamental  import- 
ance of  the  heredity  factor  is  mainly  responsible  for  the  modem 
movement  of  eugenics,  which  hopes  to  improve  the  quality  of  the 
race  by  limiting  the  growth  of  poor  stock  in  mankind  and  encour- 
aging the  breeding  from  the  best  stock. 

Determination  of  Sex. — The  conditions  which  lead  to  the 
determination  of  the  sex  of  the  developing  ovum  have  attracted 
much  investigation  and  speculation.  In  the  absence  of  precise 
data  very  numerous  and  oftentimes  very  peculiar  theories  have 
been  advanced.  ♦  Such  views  as  the  following  have  been  main- 
tained: that  the  sex  is  determined  by  the  ova  alone;  that  it  is 
determined  by  the  spermatozoa  alone;  that  one  side  (right  ovary 
or  testis)  contains  male  elements,  the  other  female;  that  the  sex 
is  a  result  of  the  interaction  of  the  ovum  and  spermatozoon,  the 
most  virile  element  producing  its  own  sex,  or  according  to  another 
possibility  "the  superior  parent  produces  the  opposite  sex";  that 
the  sex  depends  on  the  time  relation  of  coitus  to  menstruation, 
fertilization  before  menstruation  favoring  male  births,  after  men- 
struation female  births;  that  it  depends  upon  the  nutritive  con- 
ditions of  the  ovum  during  development  or  of  the  matemal  parent; 
that  it  depends  upon  the  relative  ages  of  the  parents;  that  there 
are  preformed  male  and  female  ova  and  male  and  female  sper- 
matozoa, etc.  What  we  may  call  the  scientific  study  of  the  problem 
began  with  the  collection  of  statistics  of  births.  Statistics  in  Europe 
of  5,935,000  births  indicate  that  106  male  children  are  bom  to 
100  female,  and  the  data  from  other  countries  show  the  same 

♦  For  accounts  of  the  various  theories  and  discussion,  see  Morgan,  "  Popular 
Science  Monthly,"  December,  1903,  and  **  Experimental  Zoology,"  1907;  Len- 
hoflsek,  "Das  Problem  der  geschlechtsbcstimmenden  Ursachen,"  1903. 
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fact  of  an  excess  of  male  children.  Ovting  to  the  greater  deathn 
of  the  male,  the  proportion  of  male  to  female  in  the  adult  populaiion 
of  Europe  is  as  1000  to  1024.  Examination  of  these  statistics  with 
reference  to  fletermiiiing  conditions  led  to  the  formulation  of  the 
called  Hofacker-8adler  law  or  laws,  which  may  be  stated  as  follow 
(1)  When  the  man  is  older  than  the  woman  the  ratio  of  m 
births  is  increased  (113  to  100).  (2)  When  the  parents 
of  equal  age  the  ratio  of  female  births  is  increased  (93,5  mate  w 
100  females).  {3 J  When  the  woman  is  older  the  ratio  of  fenaie 
births  is  still  further  increased  (88.2  to  100).  These  laws  bv© 
been  corrolxirated  by  some  statisticians  and  contradicteti  or  nxxli* 
fied  by  others.  Ploss  attempted  to  show  that  poor  nutritive  con- 
ditions affectmg  the  parents,  especially  the  mother,  favor  the 
birth  of  boys.  Busing  combined  these  results  in  a  sort  of  ffnneal 
compensator}'  law  of  nature,  according  to  which  a  deficiency  in 
either  sex  leads,  by  a  process  of  natural  selection,  to  an  iaereftse 
in  the  births  of  the  opix)site  sex.  Thus»  when  males  are  few 
number, — as  the  result,  for  instance,  of  wars, — ^females 
later  and  more  males  are  produced.  When  males  are  in  excess 
marriages  are  the  rule  and  this  condition  fa%'Ors  an  excess  of  U 
births.  However  interesting  these  statistics  may  be,  it  is  vpry 
evident  that  they  do  not  touch  the  real  problem  of  the  cause  of  tbe 
determination  of  sex. 

Modern  work  has  turned  largely  to  observations  an<l  '11"^' 
experiments  upon  the  lower  animals,  particularly  the  invr 
brates,  with  the  result  that  a  very  large  number  of  fact^  have 
been  collected  of  a  most  intere^sting  kind,  but  difficult  as  yei  to 
interpret  so  as  to  formulate  a  general  law.  The  trend  of  roodena 
work  tends  to  oppose  an  older  \iew  foimded  largely  upon  experi- 
ments on  frogs,  beeSp  and  wasps,  according  to  which  the  sex  15  nol 
determined  at  or  before  fertilization,  but  is  controlled  or  may  bf 
controlled  by  the  conditions  of  nourishment  during  developmrnt. 
favorable  conditions  of  nutriment  leading  to  the  development  r^ 
female  cells  from  the  germinal  epithelium  of  the  embr>'0-  h 
contrast  with  this  latter  view  an  opinion  that  has  been  froquentlf 
advocated  is  that  the  sex  of  the  embryo  is  determined  in  the  efl? 
before  fertilization  or  at  the  time  of  fertilization.  This  view, 
as  fir.st  presented,  assumed  sylistautially  that  there  are  male  anJ 
fernaie  eggs  tu  l^egin  with,  and  that  the  determination  of  «^ 
resides  in  the  oiaternal  organisn^  alone.  Some  of  the  facts  lliM 
support  this  view  with  more  or  less  conclusiveness  are  as  follow 
(1)  In  certain  worms  (Dinophilus)  eggs  of  two  si^es  are  prodtj«dl 
the  large  eggs  on  fertilization  develop  always  int4»  fenittlea, 
small  ones  into  males.  Sioiilar  facts  are  recorded  for  other 
animals  (Hydatina).     (2)  Many  species  of  invertebrates  exJt^^ 
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the  phenomenon  of  parthenogenesis — that  is,  the  eggs  of  the 
mother  develop  without  fertilization.  In  some  cases  this  method 
forms  the  only  means  of  reproduction,  and  the  individuals  of  the 
race  are  all  females.  But  in  other  animals  reproduction  is  effected 
either  by  parthenogenesis  or  by  fertilization,  according  to  the 
conditions — change  of  seasons,  etc.  Among  these  latter  animals 
it  ma)*^  be  shown,  in  some  cases  at  least,  that  the  parthenogenetic 
eggs  may  give  rise  either  to  males  or  females — a  fact  which 
accords  with  the  hypothesis  of  the  existence  of  male  and  female 
eggs  in  the  mother.  (3)  In  man  twins  may  be  bom  and  these 
twins  may  be  of  two  kinds.  First,  those  that  are  developed 
from  two  different  ^gs,  each  of  which  has  its  own  chorion  and 
develops  its  own  placenta.  This  kind  may  be  designated  as  false 
twins,  and  in  the  matter  of  sex  they  may  be  male  and  female, 
or  both  male,  or  both  female.  The  matter  varies  as  in  the  statis- 
tics of  births  in  general.  In  the  other  group,  however,  of  true 
twins  or  identical  twins,  the  two  embryos  are  developed  from  a 
single  ovum  and  are  included  in  a  single  chorion.  In  such  cases 
the  sexes  of  the  twins  are  always  the  same,  they  are  both  boys 
or  both  girls.  This  fact  favors  the  view  that  the  sex  may  be  pre- 
determined in  the  ovum,  which  may  be  either  male  or  female. 
However,  if  we  grant  the  fundamental  fact,  so  far  as  the  ova  are 
concerned,  that  they  are  either  male  or  female  at  the  time  of  forma- 
tion or  are  made  so  during  the  process  of  growth  and  maturation, 
it  is  still  logically  possible  that  there  may  also  be  male  and  female 
spermatozoa,  and  that  in  the  union  of  the  two  cells  the  sex  of  the 
fertilized  oviun  may  be  referable  either  to  the  ovum  or  spermato- 
zoon. It  is  not  justifiable  to  assert  that  the  paternal  organism  is 
without  influence  upon  the  sex  of  the  offspring.  In  fact,  in  the  case 
of  honey  bees  it  is  observed  that  if  the  egg  of  the  queen  bee  is  un- 
fertilized it  develops  into  a  male,  but,  if  fertilized,  into  a  female, 
thus  indicating  a  determining  influence  upon  the  part  of  the  male 
element.  Other  instances  of  a  similar  kind  might  be  quoted,  but 
perhaps  the  most  significant  fact  in  this  connection  is  the  dis- 
covery made  by  Wilson*  that  in  many  animals  two  kinds  of  sper- 
matozoa are  produced,  one  with  a  characteristic  odd  chromosome, 
known  as  the  x-chromosome  or  the  sex-chromosome,  and  one  in 
which  this  chromosome  is  lacking.  The  egg-cells,  on  the  contrary, 
all  possess  an  x-chromosome.  When  an  egg  is  fertilized  by  a 
spermatozoon  containing  an  x-chromosome,  the  resulting  zygote 
has  two  x-chromosomes  and  develops  into  a  female.  If  the  egg  is 
fertilized  by  a  spermatozoon  lacking  in  an  x-chromosome,  the  zy- 
gote has  only  one  x-chromosome  and  develops  into  a  male.  If  this 
observation  may  be  generaUzed  it  follows  that  the  matter  of  sex  is 

♦  Wilson,  "The  Journal  of  Experimental  Zoology,"  1906,  iii.,  1,  and  "Archiv 
f.  mik.  Anatomie/'  77,  249,  1911. 
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determined  in  some  way  by  the  presence  and  properties 
x-ehromo,Homeis,  the  female   having  double  the  amount  of  thii| 
material  a^s  compared  ^lith  the  male.     Since  these  two  varielkil 
of  spermatozoa  are  produced  in  equal  numbers,  it  follows  i 
that  the  offspring  from  sexual  union,  %vhen  large  numbers  m 
considereti,  will  be  about  efjually  crnidod  in  the  matter  of  fieXt  s 
coneluaion  whieh  agrees  verj'  well  with  actual  statistics.    If  we , 
indicate  the  presence  of  sex-chromosome  by  the  letter  S, 
results  of  fertilization  may  be  expressed,  in  accordance  wttli  i 
Mendelian  principles,  as  follows: 

Male  Female 

Spermatosoa    8  0  8  S 

12  3  4 

Combination  of  I  and  3  will  produce  a  femait 
Combination  of  1  and  4  will  produce  a  female. 
Combination  of  2  and  3  will  prcKluce  a  male, 
Combination  of  '2  and  4  will  pixxiuce  a  male. 

That  is  to  say,  half  of  the  zygotes  will  form  femalei*  and  half  ^ 
form  males. 

Growth  and  Senescence.— The  lx)dy  incretvses  rapidly  'aIu 
birth  in  size  and  weight.  It  is  the  popular  idea  that  the  rale  < 
growth  increases  up  to  maturity  and  then  decUne^s  as  old  ag?  ad- 
vances. As  a  matter  of  fact,  careful  examination  of  the  facts  shoiw 
that  the  rate  of  gro^^lh  decreases  from  birth  to  old  age,  although  not 
uniformly.  At  the  pubertal  period  and  at  other  times  its  downwiid 
tendenc>^  may  be  arrested  for  a  time*  But,  speaking  generally,  the 
maximum  rate  of  growth  is  reached  some  time  during  the  intiir 
uterine  period,  and  after  birth  the  curve  falls  steadily,  Seneaoeoce 
has  begun  to  appear  at  the  time  we  are  bom.*  Thus,  acconiiBg  to 
the  statistics  of  Quetelet,  the  average  male  child  weighs  at  birth  6j 
pounds.  At  the  end  of  the  first  year  it  weighs  IS  J  pounds,  a  gain  of 
12  pounds.  At  the  end  of  the  second  year  it  weighs  23  poundSi  * 
gain  of  only  4^  fxiunds,  and  so  on,  the  rate  of  increase  falling  rtp- 
idly  with  advancing  years.  Jacksonf  h^as  pul>ILsbed  an  intanasUni 
series  of  ub.servations  upon  the  relati\'e  and  absolute  growth  of 
the  human  fetus  and  its  different  organs  during  the  intra-ut 
period.  Relative  gro\v1;h  is  defined  m  the  ** ratio  of  the  gi 
during  a  given  i>erioil  to  the  weight  at  the  beginning  of  the  peiixL] 
From  thia  standpoint  he  finds  that  the  maximum  rate  of  groi 
occurs  during  the  finst  month  of  fetal  life.  As  detenumeri 
the  volume  of  the  fetus  the  ovum  iticrcaj^es  more  than  10,0 
times  in  size  during  this  period.  In  the  succeed uig  months  i 
intra-uterine  life  the  relative  monthly  growth  rate  ma^'  beex 

•  See  Minol,  "Journal  of  Phyi*JoIoKj%"  12,  97 

t  JackBOO,  '^The  American  Journal  of  Anatomy,**  %  1 1%  I90i.i 
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by  the  figures  74,  1 1,  1.75,  .82,  .67,  .50,  .47,  .45.  During  this  period 
the  absolute  weight  is,  of  course,  increasing  rapidly,  and  according 
to  Jackson's  observations  the  total  weight  of  the  embryo  may  be 

calculated  at  any  time  from  the  formula  weight  (g)  =1    ^  j 

The  actual  statistics  of  growth  have  been  collected  and  tabulated 
with  great  care  by  a  number  of  observers;  for  this  country 
especially  by  Bowditch,  Porter,  and  Beyer.*  An  interesting 
feature  of  the  records  collected  by  Bowditch  is  the  proof  that 
the  prepubertal  acceleration  of  growth  comes  earlier  in  girls 
than  in  boys,  so  that  between  the  ages  of  twelve  and  fifteen 
the  average  girl  is  heavier  and  taller  than  the  boy.  Later,  the  boy's 
growth  is  accelerated  and  his  stature  and  weight  increase  beyond 
that  of  the  girl.  It  appears  from  the  examinations  made  upon 
school  children  by  Porter  and  by  Beyer  that  a  high  degree  of 
physical  development  is  usually  associated  with  a  corresponding 
pre-eminence  in  mental  ability.  The  signs  of  old  age  may  be  de- 
tected in  other  ways  than  by  observations  upon  the  rate  of  growth. 
Changes  take  place  in  the  composition  of  the  tissues;  these  changes, 
at  first  scarcely  noticeable,  become  gradually  more  obvious  as  old 
age  advances.  The  bones  become  more  brittle  from  an  increase  in 
their  inorganic  salts,  the  cartilages  become  more  rigid  and  calca- 
reous, the  crystalline  lens  gradually  loses  its  elasticity,  the  muscles 
lose  their  vigor,  the  hairs  their  pigment,  the  nuclei  of  the  nerve 
cells  become  smaller,  and  so  on.  In  every  way  there  is  increasing 
evidence,  as  the  years  grow,  that  the  metabolism  of  the  living  mat- 
ter of  the  body  becomes  less  and  less  perfect;  the  power  of  the 
protoplasm  itself  becomes  more  and  more  limited,  and  we  may 
suppose  would  eventually  fail,  bringing  about  what  might  be  called 
a  natural  death.  As  a  matter  of  fact,  death  of  the  organism  usually 
results  from  the  failure  of  some  one  of  its  many  complex  mechanisms, 
while  the  majority  of  the  tissues  are  still  able  to  maintain  their  exis- 
tence if  supplied  with  proper  conditions  of  nourishment.  The  phys- 
iological evidences  of  an  increasing  senescence  warrant  the  view, 
however,  that  death  is  a  necessary  result  of  the  properties  of  living 
matter  in  all  the  tissues  except  possibly  the  reproductive  elements. 
The  course  of  metabolism  is  such  that  it  is  self-limited,  and  even  if 
perfect  conditions  were  suppUed  natural  death  would  eventually 
result.  We  do  not  understand  the  nature  of  these  limitations, — that 
is,  the  ultimate  causes  of  senescence.  Many  examples  of  unusual 
longevity  are  on  record,  the  most  authentic  being  probably  that  of 
Thomas  Parr.    An  account  of  his  life  and  the  results  of  a  postmor- 

*  See  Bowditch,  "Report  of  State  Board  of  Health  of  Massachusetts." 
1877,  1879,  and  1891;  Porter,  "Transactions,  Academy  of  Science,"  St. 
Louis,  1893-94;  Beyer,  "Proceedings,  United  States  Naval  Institute,"  21, 
297.  1896. 
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tern  examination  by  Han^ey  are  given  in  volume  iii  of  the  "Phflo^ 
Bophical  Transactions  of  the  Royal  Society  of  London."  **Her 
aft^r  he  had  outhved  nine  princes,  in  the  tenth  year  of  the  tenths 
them,  at  tlie  age  of  one  hundred  and  fifty-two  years  and  m$^ 
mynth^^/*  The  immediate  cause  of  his  death  was  attributed  to  a 
changeof  food  and  airand  habits  of  life,  as  hewas  brought  fromShroj^ 
shire  to  London,  **  where  he  fed  high  and  drunk  plentifully  of  thabest 
wines."*  With  reference  to  the  phenomenon  of  senescenaeafia  wc» 
sary  attribute  of  living  matter,  Weissmann  has  called  attention  to  the 
fact  that  inasmuch  as  the  species  continues  to  exist  after  the  iih 
di\idual  dies,  we  must  believe  that  the  protoplasm  of  the  rcpro* 
ductive  elements  is  not  subject  to  natural  death,  but  has  a  leK- 
perpetuating  metabolism  which  under  proper  conditions  makes  it 
immortal,  Weissmannf  designates  the  protoplasm  of  the  genu  cellf 
as  germ-plasm,  that  of  the  rest  of  the  body  as  somatoplasm,  lod 
inasmuch  as  the  former  continues  to  propagate  itself  indefinitely 
imder  proper  conditions,  while  the  latter  has  a  limited  existence,  hi 
concludes  that  originally  protoplasm  possessed  the  propert)" 
potential  immort-ality.  That  is,  barring  accidents,  disease,  etc-, 
was  capable  of  reproducing  itself  indefinitely*  He  assumes,  i 
over,  that  this  property  is  exhibited  at  present  in  many  of  the  t 
pier  forms  of  life,  such  us  the  ameba.  This  latter  pha?*^  of 
theory  has  l>een  the  subject  of  much  interesting  inve  '  .  t  ^ 

some  contradictory  results,  but  it  has  been  showTi  (\^ 
a  specimen  of  Paramecium,  isolated  and  kept  in  a  vaning  cultu 
medium  during  three  and  a  half  years,  parsed  throu 
di%^sions  at  an  average  rate  of  three  in  every  48  hours*  witl 
appearance  of  signs  of  senility.  Later  experiments  by  the  i 
author  continued  over  five  years  indicated  that  the  single 
originally  isolated  "possessed  the  potentiality  to  produce  similar 
cells  to  the  number  represented  by  2  raised  to  the  3029th  power^of 
a  volume  of  protoplasm  approximately  equal  to  lO""*  tISJe» 
the  volume  of  the  earth/"  Such  a  result  would  indicate  the 
correctness  of  Weismann's  view.  Assuming  that  the  poieu* 
tial  immortality  exhibited  by  the  reproductive  cells  was  originallr  » 
general  property  of  protoplasm,  Weissman  conceives  that  the  phe- 
nomenon of  senescence  and  death  exhibited  by  other  cells,  somativ 
plasm,  is  a  secondary  property,  which  was  acquired  as  a  result  d 
variation  and  was  preservetl  by  natural  selection  because  it  is  m 
advantage  in  the  propagation  of  the  species.     An  actual  immor- 

•  A  pirlure  of  Parr  painted  by  van  Dyck  (1635)  is  exhiblt<*d  in  ihie  Royi* 
Galler>%  Dresden,  No.  1032. 

t  Weissmann,  ^'EasayB  upon  HercHlity  and  Kindred  Biolodcal  Pw*- 
lems'*:  abo  "Gfnn-plaiiin^'  in  the  '* Contemporary  Science  Series, 

t  See  Maupaa>  *' Archives  de  Kodlogie  exp^rimentaJe  et  g^n^rak.**  6,  1^ 
1888;  Gdtte,  ^aieber  den  IJrsprung  des  Todee."  1883:  Woodruff,  •*Aiiien«» 
Naturalist/'  42,  500;  also  **Archiv  f  Protistenkunde,"  21,  203.  1911. 
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tality  of  the  entire  organism, — that  is,  the  property  of  indefinite 
existence  except  as  death  might  be  caused  by  accidental  occur- 
rences of  various  kinds — ^would  be  a  disadvantage  in  many  ways. 
The  vast  increase  in  the  number  of  individuals  might  exceed  the 
capacity  of  natiu«  to  provide  for;  the  retention  of  the  maimed  and 
imperfect  would  make  many  useless  mouths  to  feed,  and  perhaps 
the  evolution  of  higher  and  more  perfect  forms  by  the  slow  action 
of  variation  and  natural  selection  would  be  retarded.  From  this 
point  of  view  senility  and  natural  death  constitute  a  beneficial 
adaptation,  acquired  because  of  its  utility  to  the  race,  on  the  one 
hand,  and,  on  the  other,  because,  after  the  banning  of  a  differen- 
tiation in  fimction  among  the  cells,  the  possession  of  immortality 
by  all  the  cells  was  no  longer  of  any  value  to  the  race,  and  therefore 
was  not  brought  imder  the  preserving  influence  of  natural  selection. 
Perhaps  the  most  significant  and  definite  contribution  to  the 
subject  of  growth  has  been  made  by  Rubner*  upon  the  basis  of 
the  energy  factor.  His  estimates  were  made  upon  data  collected 
for  man  and  the  following  mammalia,  horse,  cow,  sheep,  pig, 
dog,  cat,  rabbit,  and  guinea-pig — and  they  bring  out  the  sur- 
prising fact  that  human  growth  constitutes  a  type  of  its  own 
differing  greatly  from  that  shown  by  the  other  mammtls  named. 
His  conclusions  are  expressed  in  two  general  laws  which  are  founded 
upon  calculations  made  upon  these  animals  in  the  first  period 
after  birth  during  the  time  necessary  for  doubling  the  weight  of 
the  animal:  First,  the  law  of  constant  energy  consumption.  During 
the  first  period  of  growth  the  total  amount  of  energy  necessary 
for  maintenance  (metabolism)  and  growth,  as  expressed  by  the 
heat  value  of  the  food  consumed,  is  the  same  for  all  manmials 
except  man.  To  form  one  kilogram  of  animal  weight  requires 
in  round  numbers  4808  Calories  in  food;  while  for  man  about  six 
times  this  amount  is  needed.  Since  the  several  mammals  con- 
sidered require  very  different  times  to  double  their  weight,  it 
follows  from  this  law  that  the  shorter  the  time  necessary  for  this 
result  the  more  intense  will  be  the  metabolism,  or,  expressed  in 
another  way,  the  rapidity  of  growth  is  proportional  to  the  intensity 
of  the  metabolic  processes.  Second,  the  law  of  the  constant  growth 
quotient.  In  all  the  mammals  considered,  with  the  exception  of 
man,  the  same  fractional  part  of  the  entire  food  energy  is  utilized 
for  growth.  This  fractional  portion  is  designated  as  the  "growth- 
quotient,  "  and  it  averages  34  per  cent.,  that  is  to  say,  for  every 
1000  Calories  of  food  340  Calories  are  applied  to  growth.  In  man, 
on  the  contrary,  the  growth  quotient  is  only  5  per  cent.  This 
growth  quotient  is  a  specific  property  of  the  cell  and  a  charac- 
teristic of  youthfulness.  It  has  its  maximal  value  at  birth,  so 
far  as  extra-uterine  life  is  concerned,  and  then  sinks  slowly,  so 
•  Rubner,  "Das  Problem  der  Lebensdauer,"  etc.,  Berlin,  1908. 
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that  at  miiturity,  that  Is,  at  the  eiul  of  the  growth  period,  it  becomes 
zero*     Thenee  forward  the  energ}-  uf  the  food  is  utilized  only  for 
the  maiiite nance  of  the  cells  and  for  the  work  they  perform,  oontj 
is  applied  to  gi*o\Hh.     Ruhner  suggests  that  the  power  t^  grui 
possessed  by  the  cells  of  the  young  organism  depends  upon  «oni 
special  mechanisms  of  a  chemical  nature,  that  is,  probably  cert 
special  c  he  mica)  complexes  which  are  responsible  for  the  **  growtl 
tendency''  (Wachstumwtrieb),      In    connection  with  this  growtJi 
energj^  or  growth  tendency  it  will  be  remembered  that  in  the, 
chapter  on  Internal  Secretion  evidence  was  given  that  in  ^fi 
infancy  the  th>mTUs  forms  apparently  an  internal  secretion 
hormone  which  controls  or  stimulates  the  process  of  growth,  inA 
the  anterior  lol>e  of  the*  pituitary  gland  also  torni^s  an  internal 
secretion  which  has  a  sunilar  action.     It  will  be  noted  also  that 
both  of  these  glands  affect  mainly  the  growth  of  the  skeletoo.1 
The  increase  in  size  of  an  animal  is  normally  estimat^»d  I 
from  the  growth  of  the  skeleton,  and  Aron  ha,s  shown  in  a  mo^J 
interesting  way  that  the  growth  energ>^  resides  chiefly  in  t 
tissue.     According  to  this  author,  young  growing  dogs  if  pw 
a  diet  insufficient  to  maintain  their  bfxiy  weight  will  still  contin 
to  grow,  since  the  skeleton  increases  in  size  at  the  expense  of  t 
other  tissues,  particularly  of  the  nmscular  tissues.     The  growt 
tendency  in  the  skeletal  tissue  is  so  strong  that  other  tisj^ues  art 
absorbed  to  furnish  the  necessary  material.      This  marked  growth 
tendency  of  the  skeleton,  as  we  have  just  said,  is  control l*M  ^ 
stimulated  by  secretions  from  the  tliymus  and  hypophysis  and 
possibly  from  other  sources.     The  fact  that  a  tissue  in  which  ^**f^J| 
growth  tendency  is  marked  will  live  at  the  expense  of  oUuf^H 
tissues  finds  an  illustration  in  other  w^ays,  for  example,  hi  th^^^ 
developuTent  of  malignant  growths,  such  as  cancer  or  in  the  pro- 
cesses of  regeneration  in  the  lower  forms  of  life.     8tockhard  report* 
that  in  the  mcxlusa,  when  unfed,  a  regenerating  tissue  may  grow 
rapidly  by  feeding  on  the  old  body  tissues.     It  would  seem  ll 
this  tendency  to  grow  must^  as  Rubner  suggests,  depend  upoft' 
some  peculiarity  in  the  chcTuical  structure  of  the  tissue  which 
exhibits  it.     We  may  hope  that  in  the  course  of  time  investigatioo 
will  disclose  what  this  structure  is,  and  enable  us  perhaps  to  eaeer- 
else  some  definite  control  over  it. 

In  this  connection  it  is  interesting  to  recall  the  results  of  tlH; 
feeding  experiments  reported  l>y  Osborne  and  Mendel  (p»  884). 
Certain  proteiiLS  (gliadin)  given  as  the  sole  nitrogenous  food  will 
maintain  an  animal^s  weight,  but  do  not  permit  growth.  Other 
proteins  (casein)  provide  l>oth  for  maint-enance  and  growth^  wi 
still  others  (gelatin)  do  not  suffice  either  for  maintenance  or  growth. 

After  the  period  of  maturity  has  been  reached  the  quc^tktt 
arises  whether  the  subsequent  duration  of  life  can  be  foretold 
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formulated  in  any  definite  way.  The  older  naturalists  conceived 
that  the  duration  of  mature  life  might  represent  a  definite  multiple 
of  the  period  of  youth.  According  to  BuflFon  this  multiple  is  6  to 
7,  according  to  Flourens  it  is  5 — that  is,  the  mean  duration  of  life 
is  5  to  7  times  that  required  for  the  completion  of  growth.  The 
data  gathered  in  regard  to  the  average  duration  of  life  among 
different  animals  has  not  borne  out  these  suggestions,  and  Rubner 
discusses  the  matter  again  from  the  energy  standpoint.  He 
estimates  the  number  of  calories  of  food  which  are  required  for  each 
kilogram  of  body  weight  in  the  different  mammalia  from  the  end 
of  the  period  of  youth  to  the  end  of  life.  For  man  this  period  is 
estimated  at  sixty  years  (20  to  80).  On  this  basis  he  finds  that 
each  human  kilogram  requires  725,770  Calories,  while  for  the  other 
nuunmalia  for  which  data  are  accessible  an  average  of  only  191,600 
Calories  is  required,  and  the  figures  in  the  latter  ammals  are  so 
close  as  almost  to  warrant  the  belief  that  the  same  amount  is 
required  by  each  animal  in  spite  of  the  great  variations  in  the 
duration  of  life.  It  follows  from  these  figures  that  the  human  cell 
is  characterized,  as  compared  with  that  of  the  other  mammalia, 
by  its  much  greater  total  capacity  for  obtaining  energy  from  the 
foodstuffs.  This  capacity,  the  property  of  assimilation,  implies 
chemical  changes  and  transformations  in  the  living  matter,  and 
the  fact  that  eventually  this  property  languishes  and  expires,  that 
is,  the  fact  that  there  is  such  a  thing  as  natural  or  physiological 
death,  means  that  the  somatic  protoplasm  is  capable  of  effecting 
only  a  limited  number  of  such  transformations.  In  man  a  greater 
number  is  possible  than  in  the  other  mammals,  and  among  the 
latter  the  number  is  practically  the  same,  but  in  the  smaller 
animals,  with  their  more  intense  metabolism,  the  series  is  com- 
pleted in  a  shorter  time  than  in  the  case  of  the  larger  animals. 
Rubner  states,  moreover,  that  if  a  cell,  the  yeast  cell,  for  example, 
by  artificial  means  is  forced  to  live  without  growing  and  multiply- 
ing it  dies  in  a  very  short  time.  In  some  way  the  processes  of 
growth  contain  the  very  source  of  the  maintenance  of  life.  The 
injurious  by-products  which  accompany  simple  metabolism  in  the 
living  matter  are  in  some  way  obviated  or  neutralized  by  the 
growth  changes.  On  this  basis  Rubner  suggests,  somewhat  in 
the  line  of  Darwin^s  theory  of  pangenesis  and  of  Weissmann's 
theory  of  the  cause  of  death  in  the  somatoplasm,  that  the  body- 
cells  give  off  certain  molecular  complexes  which  are  necessary  to 
the  growth  processes,  and  these  complexes  are  taken  up  by  the 
reproductive  cells.  After  the  animal  has  reached  the  period  of 
puberty,  of  reproductive  power,  and  provision  is  thus  made  for 
the  perpetuation  of  the  species,  the  individual  organism  is 
depleted  of  the  power  of  growth,  and  senescence  and  death 
become  inevitable. 
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Befinitian  and  General  Structure. — Proteins  or  ^bumins  axe 
organic  compounds  containing  nitrogen  wtuch,  althoi^b  dilTeriiig  mu 
their  com  position,  are  related  in  their  properties.  They  ar©  lonDed  bf 
living  matter,  and  occur  in  the  tiaaues  and  liquids  of  planla  and  iniiBili, 
of  which  they  form  the  most  characteristic  constituent.  On  uhimate  asii^ 
lOB  they  are  all  found  to  cont^n  carbon,  hydrogen,  oxygm,  and  nitraftt; 
most  of  them  contain  also  some  sulphur,  and  some,  in  addition,  jphoeplMrai 
or  iron.  As  usually  obtained,  they  leave  also  some  ash  when  mtmtnud, 
showing  that  they  hold  in  combination  some  inoipmic  salts.  Fereesligf 
analyses  of  the  most  common  proteins  of  the  body  show  tliat  tht  ibcrvf 
named  constituents  occur  in  the  following  proportions: 

Carbon 50    to  55     per 

Hydrogen 6.5  to    7.3   ** 

Nitrogen 15     to  17.6   *' 

Oxygen 19     to  24      '* 

SulpTiur.. 0.3  to    2.4  *' 

The  clearest  insight  into  the  structure  of  the  protein  molecule  haB 
obtained  by  a  study  of  hf^  det-oro position  product*.  When  submitted! 
action  of  proteoiytic  en;Rynu*5,  or  pytrefactiop,  or  acid  at  high  temperataw^ 
the  large  moiecidert  split  into  a  number  of  simpler  bodies  in  ooosequeiice  of 
hydrolytic  cleavage.  Thenc  end-products  are  very  numerous,  and^  wWt 
tney  differ  fjomewhat  for  the  difTerent  proteins,  yet  a  number  of  tbem  «* 
tlie  same  or  similar  for  all  proteins.  The  great  variety  in  the  end-prtiducU  » 
an  indlcatioii  of  the  complexity  of  the  molecule,  wliile  their  similanty  i»  ff^ 
that  the  various  proteinii  are  an  built,  so  to  speak,  upon  a  common  plan,  by  the 
union  of  certain  groupings  which  may  be  more  numerous  in  one  protein  t^ 
in  another.  This  fact  becomes  evident  from  a  brief  consideration  of  the  prod- 
ucts obtained  by  hydrolytic  cleavage  with  acids.  Tlie  groupings  rcpr«i«ated 
by  the  following  compounds  may  be  supposed  to  exist  preformed  in  jtfotfia 
molecules,  some  pofisibly  containing  them  all^  some  only  a  portion  of  tbf 
lipt,  while  the  different' groups  vary  in  their  proportional  amounts  is  l^ 
various  proteins: 

Monamino  Adds. 
L  Glyct>coll  ur  glyein  i  amino-acotic  acid), 

2.  Alanin  (aminopropionic  acid)* 

3.  Valin  (amino valerianic  acid). 

4.  Leucin  <  aminoeaproic  nckl). 

5.  Isoleucin  (aminocaproic  acidj. 

6.  Serin  (oxyaminonropionic  acid). 

7.  Cvstein  (aminothiopropionic  acid). 

8.  Phenjrlalanin  (phenylaminopropionic  acid). 
fl.  Tyroflin  (oxyphenylaminopropioiuc  acid). 

10.  Tryptoi>han  (indolaminopropionic  acid), 

11.  Aspartic  add  (aminosuccinic  acid). 

12.  Cf!utaminir  acid  (aminoglutaric  acid). 

13.  Prolin  (pyrrolidin-rarboxylic  acid). 

14.  Oxyprolm  (oxypyrrolidin-carboxyUc  acid), 

Diamino  or  Basic  Bodies. 

15.  Lysin  ffhaminoeaproic  acid). 

16.  Arginin  (Kuanidinaminovulorianic  acid). 

17.  Hiatidin  (imidaKol  aminopropionic  acid). 

18.  Diaminolrioxydodecanic  acia, 
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These  split  products  are  all  amino-acids,  some  of  them  belonging  to  the 
fatty  acid  (aliphatic)  series  of  carbon  compounds,  some  to  the  aromatic 
(carbocyclic)  series,  and  some  to  the  heterocyclic  (pyrrol,  indol)  series.  In 
what  may  be  considered  the  simplest  proteins  occurring  in  nature — namely, 
the  protamins  found  in  the  spermatozoa— only  from  four  to  six  of  these  groups 
occur,  while  in  some  of  the  more  familiar  proteins,  such  as  serum-albumm 
or  casein,  a  much  larger  number  is  found.  This  fact  is  illustrated  by  the 
following  table,  taken  from  Abderhalden,  which  shows  the  composition  of 
several  proteins  belonging  to  different  classes.  It  will  be  noted  tnat  except 
for  the  salmin  the  known  products  sum  up  to  less  than  100  per  cent.,  showing 
that  there  is  a  large  portion  of  the  molecule  as  yet  imknown. 

Serum       Serum      Casein.     Salmin. 


Glycin 0 

Alanin 2.7 

Valin 

Leucin 20.0 

Prolin 1.0 

Phenylalamin 3.1 

Glutaminic  acid 7.7 

Aspartic  acid 3.1 

Cystin 2.3 

Serin 0.6 

Tyrosin 2.1 

Tryptophan present 

Diaminotrioxydodecoic  acid 

Oxyprolin 

Lysin 

Arginin 

Histidin 


Albumin.  Globulin. 
3.5 
2.2 

present 
18.7 
2.8 
3.8 
8.5 
2.5 
0.7 


2.5 
present 


0 

0.9 

1.0 

10.5 
3.1 
3.2 

11.0 
1.2 
.065 
0.23 
4.5 
1.5 
0.75 
0.25 
5.80 
4.84 
2.59 


4.3 
11.0 


7.8 


87.4 


The  a-amino-acids  of  which  these  end-products  consist  all  contain  the 
H 


grouping 


-L: 


I 


NH„  and  Fischer  has  shown  that  such  bodies  possess  the 


COOH 

property  of  combining  with  one  another  to  make  complex  molecules  containing 
two,  three,  or  more  groups  of  amino-acids.  The  combination  takes  place 
with  the  elimination  of  water  formed  by  the  union  of  the  OH  of  the  carboxyl 
(COOH)  group  in  one  acid  and  the  H  of  the  amino  (NH,)  group  in  another. 
Thus,  two  molecules  of  amino-acetic  acid  (glycocoll)  may  be  maae  to  unite  to 
form  a  compound,  glycylglycin,  as  follows: 

NH,CH/XX)H  +  NHjCHjCOOH  — H,0  =  NH/:JH,C0NHCH,C00H. 
Glycocoll.  GlyoocoU.  Glycylglycm. 

Compounds  of  this  kind  are  designated  by  Fischer  as  peptids.  When  formed 
from  the  union  of  two  amino-acids  they  are  known  as  dipeptids;  from  three, 
as  tripeptids,  etc.  The  more  complicated  compounds  of  this  sort,  the  poly- 
peptids,  begin  to  show  reactions  similar  to  those  of  the  proteins.  Some  of 
them  give  the  biuret  reaction,  some  are  acted  upon  and  split  by  proteolytic 
enzymes.  It  seems  justifiable,  therefore,  to  consider  proteins  as  essentially 
polypeptid  compounds  of  greater  or  less  complexity — that  is,  they  are  acid- 
amias  formed  by  the  union  of  a  number  of  a-amino-acid  compounds.  More 
than  a  hundred  of  these  artificial  polypeptids  have  been  thus  synthesized, 
one  of  the  most  complex,  an  octa-deca  peptid,  consisting  of  eighteen  mon- 
amino  acids,  fifteen  molecules  of  glycin,  and  three  of  leucin,  with  a  total  molec- 
ular weight  of  1213.  This  conception  of  the  structure  of  the  protein  molecule 
explains  a  number  of  their  general  characteristics — for  instance:  (1)  The 
fact  that  they  are  all  decompo^  and  yield  similar  products  under  the  influence 
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of  proteolytic  enzymes  or  boiling  dilute  acid.     (2)  Tlie  f*-^  *^ 

ar«  all  ho  aliki*  in  their  general  jfiroperties  in  spite  of  ii 

tlie  complexity  of  their  moli^ular  struct  lire.     (3)  T\u  ii  thty 

both  bfisic  and  arid  chamcterB.     (4)  The  fact  that  tbey  ail  giv«  tin? ' 

reaction*  (see  below). 

In  addition  to  the  amino-acids  some  proteias — egg-albm 
— yield  a  carbohydmte  body  upon   deeomposition,     T'he   >  t« 

tainc^l  IB  an  amino-migar  compcjiuid^  usually  glucosamin,  **nu^''v  ^* 
deteeted  by  ita  reducing  aetion  and  by  the  formation  of  an  osazone.  It 
probable,  therefore,  tliat  some  of  tlie  proteins  at  least  contain  such  a  puup- 
tng  aa  part  of  the  molecular  complex^  but  at  preaeot  it  is  imdeterminra  ham 
many  poasess  thin  peculiarity  of  structure. 

General  Reactions  of  the  Proteins,— It  h  evident  frxMn  what  hii  hm 
said  in  tlje  pr<?cedin^  parfigraph  that  protein.**  may  give  different  retctiooi 
according  to  the  kiiitlH  of  groupings  contained  in  the  molecule,  Tbf  rwc- 
tioan  common  to  all  proteins  arc?  few  in  number,  the  most  rertain  p»Th»p« 
being  the  biuret  rejietion,  the  hydrolysis  by  proteolytic  enej^mea  or  piitii^^ 
factive  origaniBm«,  and  the  nature  of  the  spht  pnxluct-s  formefi  W  Uiei»  buer 
hydrolyHCs  or  by  the  action  of  boiling  dihite  acids,  A  very  tar^  iiuniihiff 
of  react  ic JO H,  htiwever,  have  been  ilescribed  which  hold  for  j^mit  or  iQ  of 
the  prot(*inH  UHuaily  found  in  the  tiRsue«  and  liqui*is  of  the  body.  Tbae 
reactions  miiy  be  describcul  undi*r  two  heads:  (1)  Precipitation  of  ttiepf0un 
when  in  solution;  (2)  color  reactions. 

/,  PrecipiianU. — For  one  or  another  protein  the  foJlowing  teagent*  rau* 
preeipitation: 

L  The  addition  of  an  excess  of  alcohol. 
%  Boiling  (heat  coagulation), 

3.  The  audition  of  mineral  aeids» — r.  y.^  nitric  acid. 

4,  The  salts  of  the  heavy  metals, — e.  y.,  at^etate  of  lead* 
phate,  etc, 

Aildition  of  neutral  salts  of  the  alkalies  to  a  greater  or 

of  concentration, — e.  g,,  sodium  chlorid,  afnmonium  sulphate. 
i''erroc}'anitl  of  potassium  after  previous  acidifieation  by  acetif  inii 
Tannic  acid  after  previous  acidification  by  acetic  acid* 
Phosphotun^stic  or  phosphomolybdic  acid  in  the  preecDee 

mineral  acids, 
loiiin  in   i^okition  in   potassium  iodid,  after  piwioua 

with  a  mineral  acid. 
Picric  acid  in  solutions  acidifieil  by  oiiganic  actda. 
Trich  1  oracet  i  <*  ac  id . 
Thii*  list  might  be  extended  still  further,  but  it  compn^^ 
tating  reagents  tliat  are  ordinarily  used.     Some  of  them,  i 
7^8,  and  9^  give  reactions  in  solutions  containing  excessixe^ 
of  protein. 

12.  PrcripititiK.  In  tins  connection  a  brief  reference  may  be  madt  t^ 
the  mi^rei^ting  group  of  botlies  known  as  precipitins.  A*  lUtld 
on  p.  41fl,  the  anima!  organism  has  the  pi»wer,  when  foreign  tA 
are  injected  into  it,  of  fonning  nnti-bo<iies  by  a  specific  biolofttal 
reaction.  It  has  been  discox'eref!  that  anti-bodies,  or  as  tl*T 
are  called  in  thb*  case,  jtrecipitins,  may  be  produceil  m  tia 
same  wslv  if  prot^nn  sokition^  or  ^lutions  of  animal  tissue  ai^  v^ 
jected  into  the  circulation,  Thu.^,  if  cowss'  milk  be  iniocted  taidff 
the  skin  of  a  rabbii  there  will  he  produced  witbin  tlic  nAbrt'i 
blmxi  a  prtH^ipitin  which  is  capable  of  precipitating  the  extern  d 
cow.s'  milk,  although  it  may  have  no  action  on  the  milk  d  o*^ 
animals.  In  the  same  way  any  given  foreign  protein,  when  iaitetei 
under  the  skin  of  an  animal,  may  cause  the  production  of  t  fM^ 
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*  For  fiirtiier  dctaiis.  !*ee  rt»hnheim,  **Chemie  der  EiwetsskOrper/ 
edition,    1*104;   or   .\bi!erhalden,    *' Phynsiological   rhemis«try,"    traniiati^  bj 
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dpitin  capable  of  precipitating  that  particular  protein  from  its 
solutions.  The  precipitin  is  not  absolutely  specific  for  the  protein 
used  to  produce  it,  but  nearly  so.  If  a  rabbit  is  immunized  with 
human  blood  a  precipitin  is  produced  in  the  animal's  blood 
which  causes  a  precipitate  when  mixed  with  human  blood  or 
with  that  of  some  of  the  higher  monkeys,  but  gives  no  reaction 
with  the  blood  of  other  mammals.  The  reaction  may  be  used, 
therefore,  in  a  measure  to  test  the  blood-relationship  of  different 
animals.*  It  has  been  suggested  that  the  reaction  may  also  be 
of  practical  importance  in  medicolegal  cases,  in  determining  whether 
a  given  blood-stain  is  or  is  not  human  blood.  For  such  a  pur- 
pose a  human  antiserum  is  first  produced  by  injecting  human 
serum  into  a  rabbit.  The  serum  of  the  rabbit  is  then  mixed  with 
an  extract  of  the  suspected  blood-stain  made  with  salt  solution: 
if  a  precipitate  forms  it  proves  that  the  blood  stain  is  human  blood 

Srovided  the  possibility  of  its  bein^  monkey's  blood  is  excluded, 
bnceming  the  nature  of  the  precipitins,  httle  is  known.  They 
combine  quantitatively  with  the  protein  precipitated  and  they 
are  inactivated  (hematosera)  by  a  temperature  of  70®  C.  Their 
reactions  are  not  sufficiently  specific  to  De  used  as  a  means  of  de- 
tecting or  distinguishing  closely  related  proteins. 
//.  The  Color  Reactions  of  Proteins, 
1.  The  biuret  reaction.  The  protein  solution  is  made  strongly  alkaline 
with  caustic  soda  or  potash  and  a  few  drops  of  a  dilute  solution  of 
copper  sulphate  are  added  carefully  so  as  to  avoid  an  excess.  A 
purple  color  is  obtained.  Some  proteins  (peptones)  ^ve  a  red 
purple,  others  a  blue  purple.  If  only  a  blue  color,  without  any 
mixture  of  red^  is  obtained,  no  protein  is  present.  At  present 
this  reaction  gives  the  best  single  test  for  protein.     It  obtains 

its  name  from  the  fact  that  it  is  given  by  biuret  HN<pq^tt^7  & 

compound  that  may  be  formed  by  heating  urea.  Two  molecules 
of  urea  give  off  a  molecule  of  ammonia  and  form  biuret. 

2.  The  MiUon  reaction.     The  protein  solution   is  boiled  with  Millon's 

reagent.  The  solution  or  the  precipitate,  if  one  is  formed,  takes 
on  a  reddish  color,  which  varies  in  intensity  with  different  proteins. 
Millon's  reagent  consists  of  a  solution  of  mercuric  nitrate  in  nitric 
acid  containing  some  mercurous  nitrate.  This  reaction  is  supposed 
to  be  given  by  the  tyrosin  (oxy-aromatic)  grouping  in  the  protein 
molecule,  and  fails,  therefore,  with  those  proteins  in  which  tjrrosin 
is  not  present. 

3.  Tyrosin  reagent.     Folin  and  Denis  t  report  a  new  color  reaction  for  the 

detection  of  phenol  compounds  which  may  be  used  for  the  quantitative 
determination  of  tyrosin.  The  reagent  consists  of  sodium  tungstate, 
10  per  cent.;  phosphomolybdic  acid,  2  per  cent*  and  phoshoric  acid. 
10  per  cent.  After  addition  of  the  reagent  the  blue  color  is  developea 
by  further  addition  of  an  excess  of  a  saturated  solution  of  sodium 
carbonate. 

4.  The  xanthoproteic  reaction.     Nitric   acid   is  added   to  strong  acid 

reaction  and  the  solution  is  then  boiled.  After  cooling,  ammonia 
is  added.  The  ammonia  causes  the  development  of  a  deep-yellow 
color  if  protein  is  present.  This  reaction  is  supposed  to  be  due 
to  the  presence  in  the  molecule  of  the  groupings  oelonging  to  the 
aromatic  series. 

5.  Adamkiewicz's  reaction.     A  mixture  is  made  of  one  volume  of  con- 

centrated sulphuric  and  two  volumes  of  glacial  acetic  acid;  if  the 
protein  solution  is  added  to  this  mixture  and  warmed  a  reddish- 
violet  color  is  obtained.  According  to  Hopkins  and  Cole,  the  re- 
action depends  upon  the  presence  of  glyoxylic  acid  in  the  acetic 

*  For  many  interesting  experiments  and  the  literature,  see  Nuttall,  "Blood 
Immunity  and  Relationship,'^    Cambridge,  1904. 

t  Folm  and  Denis,  "Journal  of  Biological  Chemistry,"  12,  240,  1912. 
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arid,  hut  according  to  Homer  it  m  really  a  fonnakletiyd 
llie  action  of  the*  t>ulphunc  acid  upon  the  glyo%>lic  aod  fnotaBl 
some  formal dehyd-  This  reaction  seems  to  be  due  to  tbetiypCtifte 
(px>uping  in  the  protein  molecule. 

6.  Li»'bermann*8  reaction.     Dry  protein  purified  with  alcohol  and  dhs 

givi^  a  blue  color  upon  boUiiig  with  strong  hvdFochlonc  acid 

7.  llie  lead  sulphid  reaction.     The  protein  solution  is  belled  wi\k  t 

iolution  of  a  lead  Bait  niade  strongly  alkaline  with  aoda  or  potaik 
A  black  precipitate  or  black  or  brown  coloration  resulto,  accofdn 
to  the  amount  of  protf  in.     The  color  is  due  to  the  spUtUog  of  m 
sulphur  and  fonimtion  of  lead  Bulphid.     It  is  given,  tbererare, 
the  sulphur-containing  grttups  in  the  protein  molecule 

8.  The  Moliseh  reaction.     A  few  drops  of  an  alcoholic  M^tioii  d 

naphthol  are  added  to  the  protein  solution  and  then  atitM^ 
phuric  acid.      A  ^-iolet  color  ia  obtained.     This  reactiosi  h  pma 
by  the  carbohydrate  grou|>ing  in  the  protein  molecule.     The  i 
acid  fonns  furfurol  from  this  group+  which  then  re&cts  with  thm 
thoL     The  react  ion  Is  not  given  by  thane  proteins  that  do  not 
lain  a  carbohydrate  group. 

Classiftcfttion  of  the  Protein*.— No  elas8i6cation  of  the  proteini 
been  proposed  which  ia  entirely  Fatisfaet.or>'.  Eventually  a  daanfici 
may  lie  obtained  bai*fnl  ujKjn  the  chemical  Htructure  of  the  varioua  protem 
tlie  number  and  arrangement  of  the  cunstituent  amino  bodies,  but  our  know- 
ledge at  present  is  much  too  incomplete  for  tliis  purpose.  We  must  be  con- 
tent with  a  less  satisfactory  system  based  in  part  upon  empihcai  rractioo* 
which  have  gradually  been  recognized  in  the  course  of  physiologieal  iftva^ 
tigations. 

In  the  following  claBsifieation  the  recommendations  are  followed  of  tbl 
Joint  Committee  on  Protein  Nomenclature  iipt>t>inted  by  the  American  PhjW" 
ologieal  Society  and  the  American  Scx'iety  of  BiologicarChetnist*  (**  AiOifictt 
Journal  of  Phywiolug}'',  Proc.  PhysioL  8oc,/'  vol.  xxi.,  irM)H): 


i 


L  Simple  proteins  (protein  sub- 
stances which  yield  only 
a-amino  acid 8  or  tlieir  deriv- 
atives on  hydrolysis). 

IL  Conjugated  proteins  (sub- 
stances which  contain  the  pro- 
tein mok*cule  unit*?d  to  bduic 
other  molecule  or  molecules 
other\^'iHe  than  a-s  a  salt) 


III.  Derived  proteins 


pTOf  €1118  vpcounmBip' 


'  Albumins. 

Globulins. 

Glutehns. 

Alcohol-soluble 

Albuminoids. 

llistons. 

Prcj  tarn  ins. 

Glycoproteins. 

Xucleoproteins. 

H emoglohins  ( chromoprotetni). 

Phosphoproteins, 

Lecithopoteins^ 
Primary  protein  tlurivatives 
(formed  through  hydrolytic 
changes  which  cause  only 
slight  alterations  of  the  pro- 
tein molecule). 
Secondary  protein  deriva- 
tives. (Prmiucts  of  further 
hydrolytic  cleavage  of  the 
protein  molecule.) 


J 


Proteans, 
'  Metaproieina.. 
Coagulated  proUfai,! 


Proteoses. 
Peptonea. 
Peptida. 


The  Alhumins* — In  addition  to  the  albumins  found  In  tbe>  cellular  \ 
sues,  the  cell  albumins,  the  consi>icyous  examples  of  tlus  group  are  i 
albumin^  milk-alhumin  (lactalbutnin),  and  egg-albumin  (ov&lbtuniii). 
are  characteri/ed  as  a  class  by  the  fact  tliat  they  are  coagulable  by  heat  1 
solutions  with  a  netitral  or  acid   reaction,  and  are   soluble    in   water  fr«« 
from  salts.     In  accordance  with  the  latter  part  of  tliis  definition  tbey  ar^DOt 
precipitated  by  dialysis.    They  are  precipitated  from  their  solutiofii  with 
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more  difficulty  by  saturation  with  neutral  salts,  ammonium  sulphate,  than 
the  globulins  \iith  which  they  are  usually  associated.  Empirically,  as  regards 
the  Bquids  of  the  body,  it  is  stated  that  they  require  more  than  half  saturation 
with  ammonium  sulphate  for  precipitation  (see  section  on  Blood).  All 
three  albumins  referred  to  here  may  be  obtained  in  crystallized  form.  Thev 
are  not  precipitated  by  saturation  with  sodium  chlorid  or  magnesium  sul- 
phate unless  the  sohition  is  made  acid.  They  are  ricli  in  sulphur,  containing 
from  1.6  to  2.2  per  cent.,  and  on  hydrolysis  they  yield  no  glycocoll. 

The  GlobuUns. — Proteins  belonging  to  this  group  are  found  in  the  cell 
tissues  together  with  albumins.  The  forms  that  have  been  most  studied 
are  serum-globulin  (paraglobulin)  and  fibrinogen  (blood,  lymph,  and  transu- 
data),  milk-globulin  (lactoglobuhn),  and  egg-globulin.  As  contrasted  with 
the  albumins,  they  are  coagulable  by  heat,  but  are  insoluble  in  pure  water. 
They  are  readily  soluble  in  dilute  solutions  of  neutral  salts,  that  is,  salts  of 
strong  bases  with  strong  acids.  In  consequence  of  their  insolubility  in  water 
they  are  precipitated  by  dialysis.  This  reaction  is  not  distinctive,  however, 
as  the  precipitation  is  not  complete.  Some  of  the  so-called  globulin  remains  in 
solution  after  the  salts  have  been  removed  as  completely  as  possible  by 
dialysis.  They  are  also  precipitated  partially  from  their  dilute  solutions  by 
the  addition  of  weak  acicls  or  by  a  stream  of  carbon  dioxid.  Practically  they 
are  isolated  from  accompanying  albumins  by  precipitation  with  neutral  salts. 
In  neutral  solutions  the  globulins  are  completely  precipitated  by  saturation 
with  magnesium  sulphate  or  half  saturation  with  ammonium  sulphate.  In 
the  blood  several  difiFerent  forms  of  globulin  are  distinguished  by  the  degree 
of  saturation  with  ammonium  sulphate  necessary  for  their  precipitation  (see 
Blood).  The  separations  made  by  this  method  are  not,  however,  satisfac- 
tory. Nor,  indeed,  is  the  separation  between  globulins  and  albumins  alto- 
gether satisfactory.  It  would  seem  that  these  proteins  are  so  closely  related 
that  distinctive  reactions  are  difficult  to  obtain  on  account  of  the  existence 
of  forms  intermediate  between  the  extremes  that  are  used  as  types. 

The  Glutelins. — These  proteins  occur  in  abundance  in  the  seeds  of 
cereals.  They  are  insoluble  in  all  neutral  solvents,  but  are  readily  dissolved 
by  very  dilute  acids  or  alkalies. 

Alcohol-soluble  Proteins  (Prolamines). — Found  in  quantity  in  cereals, 
but  not  in  other  seeds.  They  are  soluble  in  alcohol  (70-80  per  cent.),  but 
insoluble  in  water  or  in  absolute  alcohol.  Gliadin  of  wheat  and  rye  and  hor- 
dein  of  barley  are  examples.  On  hydrolysis  these  proteins  give  a  very  large 
percentage  of  glutaminic  acid  (20  to  37  per  cent.)  and  from  20  to  30  per  cent. 
of  their  nitrogen  is  given  off  as  ammonia.* 

Albuminoids. — Simple  proteins  which  are  characterized  by  p-eat  in- 
solubility in  all  neutral  solvents.  They  form  the  principle  constituent  of 
the  skeletal  tissues  and  connective  tissues,  epidermis,  hairs,  etc.,  including 
such  members  as  elastin,  keratin,  and  collagen.  Physiologically  it  has  been 
found  that  gelatin,  a  derivative  of  collagen,  does  not  suffice  for  the  construction 
of  living  protein,  and  cannot  be  used  in  place  of  the  other  proteins  to  main- 
tain nitrogen  equilibrium.  This  peculiarity  seems  to  be  due  to  the  absence 
of  certain  necessary  amino-acids  in  its  molecule.     (See  p.  883.) 

Protamins  and  Histons. — The  histons  are  defined  as  being  soluble  in 
water  and  insoluble  in  very  dilute  ammonia.  They  yield  precipitates  with 
solutions  of  other  proteins  and  give  a  coagulum  on  heating.  Protamins 
are  soluble  in  water,  not  coagulated  by  lieatin^,  and,  like  the  histons,  have 
the  property  of  precipitating  other  proteins  in  aqueous  solutions.  They 
possess  strong  basic  properties  and  form  stable  salts.  The  protamins  have 
been  obtained  (Miescher-Kossel)  from  tlie  heads  of  tlie  spermatozoa  in  fishes, 
in  which  they  exist  in  combination  with  nucleic  acid.  They  differ  considerably 
in  the  spermatozoa  of  different  animals,  and  are,  therefore  designated  according 
to  the  zoological  name  of  tlie  fish  from  which  they  arise,  as  salmin,  sturin,  clu- 
pNein,  scombrin,  etc.  They  show  a  biuret  reaction,  but  in  most  cases  fail  to 
give  Millon's  reaction.    On  hydrolysis  they  give  split  products,  which  consist 

♦  For  description  of  this  and  other  vegetable  proteins,  see  Osborne, 
"Science,"  Oct.  2,  1908. 
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chiefly  of  the  so-called  diaminohodies  (arfrinin,  histidin,  lysin)  ratlur 
monammo-acifls.     Some  of  tlie  luttt_*r  may  i:*coiir,  liowever,  such  ft»  I 
serin,  aminovalerianie  or  a-pyrrollithn-carboxylic  acid.     The  pr<iT  min. a 
an  alkiihne  react ioD,  form  Rti!t?i  witli  acids,  and  are  precipitate  TT^^ 

molcculnr  Rtructure  is  relatively  wimple.     I^almin  is  given  th<  *  .lU 

t'l^FIg.  Tlic  molncuh'  ronlain^  no  sulphnr  and  Is  characteri**^!  i-L».t  t/y  it* 
large  percentage  of  nitrn^cn.  Protumin  mu«t  be  regftrded  as  the  «impJjJrt 
form  of  protein  nccurring  normally  in  the  animal  body,  a  proicin  in  »hkib 
many  of  the  groupinj^f,  each  n»  ey^tin,  tyrosio,  earbohvdrat<?8,  ionivi  in  ibr 
usual  protein  rnolecuh*  are  entirely  lacking  and  in  whie}i  thebiii*ic  fruti|iinp 
(arginin)  predomiQale,  The  histons  form  a  series  of  com|X)undi*  intemie<ii;>ir 
in  many  ways  between  the  protamine  and  the  usual  proteins.  The  i 
usually  considered  as  characteristic  of  tlie  class  is  that  they  are  prec 
by  ammonia.  They  are  precipitated  also  by  the  alkaJoidal  reagent 
plioBphotungstic  add — in  neutral  solutions.  Ordinary  proteins  giv€ 
cipitate  with  these  reagents  only  in  acid  fef^vitions,  while  the  protARi 
one  even  in  alkaline  solutions.  Protamins,  histons,  and  the  usual 
form  a  series^  therefore^  iu  which  the  basic  reaction  U  lcf»  and  less  i 
The  best  known  of  the  histons  is  the  globin  obtained  from  heinoglobtll ; 
other  form  ha**  been  obtaineil  from  the  nucleohiston  in  the  white  corpu» 
from  the  spermatozoa  of  mackerel  iscombron),  codfish  (gadushiFtof*),  < 
urchin  (arbarin).  ami  frog  UotJihiston).  They  do  not  occur  free  in  the  li«4tuii 
or  tissues  of  the  body,  but  in  combination,  as  in  the  cafjc  of  hemogk^Uii 
They  give  the  biuret  reaction,  a  faint  llillon  reaction,  and  also  respond  loU« 
tests  for  sulphur.  The  products  obtained  by  their  hydrolytic  cicA^ifP  «i« 
much  more  numerous  than  in  the  case  of  the  |irotamins-^a  fact  which  would 
indicate  that  their  molecular  j^tructure  is  corresj>ondingly  more  coroplcx. 

The  Conjugated  Proteins. — The  chroma protrinjt  or  hem  -^  '  -    ■   ir  ^- 
defined   fij*  con-Hi^ting  of   a  >imple   protein  in  (combination  .u 

gro'iiiing,  mich  i^  tK'curK  in  the  case  of  hemoglobin.  A  numl  . ,  .  .'..'..  'i 
pounds  are  known — hemoglobin,  liemocyanin,  hemerythrin,  chlonacruonfr— 
all  churacteri'/:cd  phys-iologically  by  the  fact  that  they  mfrxe  lo  traXifpon 
oxygen  from  t!ie  air  or  water  to  the  tissues.  On  lM>ihng,  heating  with  alkilie* 
or  acidii,  etc.,  they  reathiy  decompo&e  into  their  coni^tituent  parta  (see  Uk¥>fi 
6li/ca proteins  are  comf>oimds  of  a  carbohydrate  gniup  with  a  simple  pmtciii 
Numerous  bodies  have  l»cen  put  in  this  cla^;  some  of  them  contain  jilui*^ 
phorus  iphnsphoghicoproteins).  Those  free  from  phospliorusi  fall  i^ 
division's:  one,  the  mucimi,  whicli  on  dect  mi  posit  ion  yield  the  carlx" 
group  in  the  form  of  an  siniino-sugar  (glucosamin),  and  one.  ♦•*.  rlir.ntg 
tcins,  found  in  the  comiectivt*  tissues  and  in  the  pathological 
as  amyloid,  which  yield  their  carboliydrate  group  in  the  forn 
sulphuric  acid  CCi^fi^NSO;,),  Tnie  mucin  is  obtained  from  the  j^^ 
of  the  salivary  glands  and  the  mucous  glands  of  the  various  mucoii#  i 
hranee.  The  riudcoproteins  constitute  the  most  interesting  of  the  group" 
of  compouml  proteins.  They  are  recognized  as  forming  an  important  c^* 
stituent  of  the  cell  nuclei.  They  may  l^  definetl  as  -^on^iii^ting  of  a  eompouni 
of  simple  prrvtein  with  a  nucleic  acid.  In  the  nuclei  (head)  of  »|»erm»tttJMs 
the  compound,  in  some  cases  at  least  (fishes),  contains  a  nucleic  Acidi 
protamin.  In  other  cases  the  protein  constituent  is  more  eompb 
digestion  with  pepsin-hydrochloric  arid  tlie  more  con»ple\  niiclcoi 
split,  with  tlie  formation,  first,  of  si  protein  substance  and  a  Bimplrr  nuf^ 
protein,  richer  in  pliosp horns  and  designated  as  a  nnclefn.  t>n  fu 
decomposition  this  latter  yields  a  tmcleic  acid.  Nucleic  a*  i 
the  characteristic  constituent,  and  a  numl>er  of  different  t 
descriijcd,  all  neb  in  pliosplmrus,  such  as  thymonucleic  aci  i 
acid,  guanyhc  acid,  etc.  Levene  and  Jacol:»s  have  shown  i 
nucleic  acids  are  const ructetl  on  a  general  type  which  consij*;t.^  ;;; 
acid  KfCMip  linked  to  a  nilrogenous  ba*se  by  means  of  a  rar^H»hydn\ti'  group 
This  latter  group  is  tl  ribose,  one  of  the  pi-ntoses.  Compounds  of  ilim  t\i» 
they  propose  to  designate  as  nuclotides.  When  the  photsnhoric  »rid  i»  «pu* 
off  a  eomjiound  of  the  carbohydrate  and  the  nitrogenous  ha^ke  i»i  left,  sod  oo 
further  hydrolysis  the  carbohydrate  may  be  split  ofT  and  variuuB  nitnipsirtMMi 
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substances  be  formed,  such  as  purin  bases  or  pyrimidin  derivatives.  These 
final  decomposition  products  are  characteristic  of  the  true  nucleoproteins  as 
distinguished  from  the  phosphorus-containing  proteins,  the  nucleo-albumins 
or  phosphoproteins,  such  as  casein.  The  percentage  of  phosphorus  in  the 
nucleoprotems  varies,  according  to  the  complexity  of  the  molecule,  between 
0.5  and  1.6  per  cent. 

The  leciihoproteins  consist  of  compounds  of  the  protein  molecule  with 
lecithin  flecithans,  phosphatids),  while  the  phosphoproteins  are  compounds 
of  the  protein  molecule  with  some,  as  yet  undefined,  phosphorus-containing 
substance  other  than  a  nucleic  acid  or  lecithin.  This  group  contains  such 
proteins  as  the  vitellin  of  the  yolk  and  casein  of  milk,  which  were  formerly 
designated  as  nucleo-albumins. 

The  Derived  Proteins. — Under  this  designation  are  included  products 
derived  from  the  simple  proteins  by  hydrolysis.  When  the  hydrolytic  change 
involves  only  a  slight  chanj^e  in  the  protein  molecule  we  have  what  are  known 
as  primary  derivatives,  of  which  three  groups  are  made:  (1)  Proteans,  cer- 
tain insoluble  products  wliich  result  from  tlie  incipient  action  of  water, 
enzymes,  or  very  dilute  acids.  (2)  Metaproteins,  proaucts  which  result  from 
the  further  action  of  acids  or  alkalies,  by  means  of  which  the  protein  is  con- 
verted into  a  form  soluble  in  weak  acids  or  alkalies,  but  precipitated  on  neu- 
tralization. This  group  includes  what  was  formerly  designated  as  acid  or 
alkali  albumin.  (3)  Coagulated  protein — insoluble  products  formed  by 
the  action  of  heat,  alcohol,  etc. 

If  the  hydrolysis  proceeds  further,  certain  cleavage  products  result  which 
are  simpler  than  these  iust  named,  but  are  more  complex  than  the  final 
products  of  complete  hydrolysis  (amino-acids).  These  intermediate  cleavage 
products  are  grouped  under  the  term  secondary  derivatives  and  include: 
(1)  Proteoses f  products  which  are  soluble  in  water,  not  coagiilated  by  heat, 
and  are  completely  precipitated  by  saturation  with  ammonium  sulphate  or 
zinc  sulphate.  (2)  Pept/mes,  products  which  are  soluble  in  water,  are  not 
coagulated  by  heat,  and  are  not  precipitated  by  saturation  with  ammonium 
sulphate.  (3)  Peptide,  products  which  consist  of  two  or  more  .imino-acids 
in  which  the  carboxyl  group  of  one  is  united  with  the  amino  group  of  an- 
other, with  the  elimination  of  a  molecule  of  water.  The  peptones  probably 
are  simply  polypeptids  or  mixtures  of  poly pept ids. 

DIFFUSION  AND  OSMOSIS. 

In  recent  years  the  physical  conceptions  of  the  nature  of  the  processes 
of  diffusion  and  osmosis  have  changed  considerably.  As  these  newer  concep- 
tions have  entered  largely  into  ciurent  medical  literature,  it  seems  advis- 
able to  give  a  brief  description  of  them  for  the  use  of  those  students  of  phys- 
iology who  may  be  unacquainted  with  the  modem  nomenclature.  The 
very  limited  space  that  can  be  devoted  to  the  subject  forbids  anything  more 
than  a  condensed  elementary  presentation.  For  fuller  information  refer- 
ence must  be  made  to  special  treatises.* 

Difhision,  Dialysis,  and  Osmosis. — When  two  gases  are  brought  into 
contact  a  homogeneous  mixture  of  the  two  is  soon  obtained.  This  inter- 
penetration  of  the  gases  is  spoken  of  as  diffusion,  and  it  is  due  to  the  con- 
tinual movements  of  the  gaseous  molecules  to  and  fro  within  the  limits  of 
the  confining  space.  So  also  when  two  miscible  liquids  or  solutions  are 
brought  into  contact  a  diffusion  occurs  for  the  same  reason,  the  movements 
of  the  molecules  finally  effecting  a  homogeneous  mixture.  If  the  two  liquids 
happen  to  be  separated  by  a  membrane  diffusion  will  still  occur,  provided 
the  membrane  is  permeable  to  the  liquid  molecules,  and  in  time  the  liquids 
on  the  two  sides  will  be  mixtures  having  a  uniform  composition.  Not  only 
water  molecules,  but  the  molecules  of  many  substances  in  solution,  such 

♦Consult  Cohen,  "Physical  Chemistry  for  Physicians  and  Biologists," 
translated  by  Fischer,  1903.  H.  C.  Jones,  "The  Theory  of  Electrolytic  Dis- 
sociation/' 1900 ;  "  Diffusion  Osmosis,  and  Filtration,"  by  E.  \V.  Reid,  in 
Schafer's  ''Text-book  of  Physiology,"  1898. 
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as  sugar,  may  puns  to  uihI  fn>  tiiroiii^'h  membmnes,  ts<>  i  i 

rated  from  fach  oth*'r  hv  an  infenenin^  mem  bran  »*    ' 

m  composition  may  finally,  Uy  the  aet  cif  diffusion,  con,.    : 

composition.     Diffusion  of   ttiis   kind   through  a   membrai 

Bpoken  of  as  dialysis  or  osmosis.     In  the  l)ody  we  deal  win 

tions  of   varioii*^  .substances    that  are  separated  from  each  otb* : 

membranes,  such  as  the  walls  of  the  blood  carnllaries  or  of  tht 

cauat,  and  the  laws  of  .diffaHion  through  membranes  are  of  in«i 

portajice  in  explaining  the  passiigie  of  wat^r  and  dissolved  subf>^aj 

these  livinp  septa.     In  aqueous  solutions  such  as  we  have  in  the  b 

take  into  account  the  movements  of  the  molecnles  of  the  ^ 

as  well  11^  of  the  .substance,-?  di.ssolved.     These  latter  nutv  have 

grees  of  diiTusibility  as  compiircd  with  one  another  or  with  the 

rules,  and  it   frpcjucntly   hapfK^ns*   that    a  membrane   that    is   p< 

water  moleculcn  is  li*«s  penneable  or  even  impermeable  to  the  r 

the  substances  in  solution.     For  this  reiison   the  diffusion  sln*:ii  ■ 

and  of  the  dissolved  substances  may  be  different iatcnl,  a*  it  were,  to  ii  ^ 

or  lews  extent.     Thi?  ejierjij'  or  force  resjionsible  for  the  diffui^ion  of  nt< 

in  solution  is  an  outcome  of  the  intrinsic  energ>'  of  the  moie^'ulcii  which  K*^\f^ 

them  in  movement.     Thift  energ>'  is  desiKnattxl  as  osmotic   pressure     It  mB 

be  measurctl  rn-rurately,  althoup^h  its  exact  nattire  is  not  underet<x>d. 

Osmotic  Pressure.— If  we  imagine  two  masses  of  water  sepaimted  N 
a  jiermeable  mendirane,  we  can  readily  understand  that  a.*^  many  water nwjJ^* 
cule.s  will  pass  through  from  one  side  as  from  the  other;  the  two  sUwobl 
in  fact,  will  neutralize  each  other,  and  the  volumes  of  the  two  in*»»»  ^^ 
walor  will  remain  unchanged.     The  mo^'ement  of  the  water  molecules  ta 
this  ca.se  i^  not  actually  *ibser\<Hl,  but  it  in  a^ssumed  to  tnke  pUcc  cti  tbt 
theory  that  the  liquid  molecules  are  eonlmually  in  motion  and  ihal  %ht 
mendinine,   l>eing  penneable,  offers  no  obstacle*  to  their  movements.    U. 
now,  rni  one  side  of  the  njcmbrane  we  place  a  solution  of  some  eiyifUlkB 
substauce,  such  as  common  salt,  and  on  the  other  side  pure  wafcer  thCD  % 
will  l>e  found  that  an  excess  of  water  will  pass  from  the  water  side  to  it0 
side  contaiiiing  the  solution.     In  the  older  terminology-  it  was  said  that  tbft 
salt  attracted  this  water ^  but  in  the  newer  theories*  t lie  same  fact  is  expnnid 
by  saying  that  tlie  salt  m  solution  exerts  a  certain  osmotic  pressure,  la  const* 
qiience  of  which  mure  water  flows  from  the  water  side  to  the  side  of  the 
solution  than  in  the  reverse  direction.     As  a  matter  of  experiment  itUMmd 
that  the  osiuotic  pre^^xure  varies  with  the  amount  of  the  sube^tancc  m  aofch 
tion.     If  in  exijeriments  of  this  kind  a  semipermeable  membrane  is  cboMn 
^that  is,  a  membrane  that  is  jiermeable  to  the  water  molecules,  but  not  Id 
the  molecules  of  the  substance  in  solution — the  stream  of  water  to  tiie  aA 
of  the  crystalloid  will  continue  until  the  hydrostatic  pressure  on  thk  iUiB 
reaches  a  certain  point,  and  tlie  hydrostatic  pressure  thus  cau$od  nwy  bt 
taken  aj^  a  n measure  of  the  osmotic  ]jressure  exerted  by  the  substance  i©  «to* 
tioii.     Under  these  conditions  it  can  be  showTi  that  the  osmotic  prcowif 
is  proportional  to  the  concentration  of  the  solution,  or,  in  other  wofds,  to 
the  numlicr  of   molectiles   (anil  ions)   of  the  crystalloid  in  ^utioffw    At  i 
matter  of  fact*  most   of  the  mendiranes  that  we  have  to  deal  with  fai  ik* 
body  are  oidy  approximately  semi i>enneable— that  is,  while  they  are  radtf^ 
penneable  to  water  molecules,  they  are  also  permeable,  althoug:h  witli  Wtft 
or  less  difficulty,  to  the  sulj*tances  in  solution.     In  such  cases  ^^  get  iB 
osmotic  streanj  of  water  to  the  side  of  the  dissolved  cTystalloid,  but  al  U» 
same  time  the  molecules  of  the  latter  pass  to  some  extent  through  iH*  mcap' 
brane^  by  diflfnsion,  to  the  other  side.     In  course  of  time,  therefoiw,  th* 
dissolved  cr>'stalloitl  will  l>e  equally  distributeti  on  tlie  two  sides  of  the  flM0* 
brane,  the  osmotic  pressure  on  Ixith  sides  will  become  eoual,  aod  Oflporfi 
of  the  water  \i'iU  cease  to  be  apparent,  since  it  is  equal  in  tne  two  <l]JfCtboaa> 
All  substances  in   tnie  solution  are  capable  of  exerting  oe^notir  piua/iuir 
and  the  important  discovery  has  been  made  that  the  osmotic  presFure,  a/eat^ 
ured  in  tenns  of  atmospheres  or  the  pressure  of  a  column  of  wster  or  ID*' 
cuTY,  is  ecpial  to  the  gas  pressure  that  would  be  exerted  by  a  mtmbct  <rf 
molecules  of  gaa  equal  to  that  of  the  crystalloid  in  solution,  if  confiiiid  «lM 
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the  same  space  and  kept  at  the  same  temperature.*  A  perfectly  satisfactory 
explanation  of  the  nature  of  osmotic  pressure  has  not  been  furnished.  We 
must  be  content  to  use  th^  term  to  express  the  fact  described.  It  is  a  matter 
of  great  importance  to  measure  the  osmotic  pressures  of  various  solutions. 
As  was  stated  above,  this  measurement  can  be  made  for  any  solution  pro- 
vided a  really  semipermeable  membrane  is  constructed.  As  a  matter  of 
fact,  however,  the  use  of  such  membranes  has  not  been  general.  In  actual 
experiments  other  methods  have  been  emplojred,  and  a  brief  statement 
of  a  theoretical  and  a  practical  method  of  arriving  at  the  value  of  osmotic 
pressures  may  be  of  service  in  further  illustrating  the  meaning  of  the  term, 
fiefore  stating  these  methods  it  becomes  necessary  to  define  two  terms — 
namely,  electrolytes  and  gram-molecular  solutions — that  are  much  used 
in  this  connection. 

ElectroljTtes. — The  molecules  of  many  substances  when  brought  into 
a  state  of  solution  are  believed  to  be  dissociated  into  two  or  more  parts, 
known  as  ions.  The  completeness  of  the  dissociation  varies  with  the  sub- 
stance used,  and  for  any  one  substance  with  the  degree  of  dilution.  Roughly 
speaking,  the  greater  the  dilution,  the  more  nearly  complete  is  the  dissocia- 
tion. The  ions  liberated  by  this  act  of  dissociation  carry  an  electrical  charge 
and  when  an  electrical  current  is  led  into  the  solution  it  is  conducted  in  a 
definite  direction  by  the  movements  or  migration  of  the  charged  ions.  The 
molecules  of  perfectly  pure  water  undergo  almost  no  dissociation,  and  water, ' 
therefore,  does  not  appreciably  conduct  the  electrical  current.  If  some 
NaCl  is  dissolved  in  water,  a  certain  number  of  its  molecules  become  dis- 
sociated into  a  Na  ion  charged  positively  with  electricity  and  a  CI  ion  charged 
n^atively,  and  the  solution  becomes  a  conductor  of  the  electrical  current. 
Substances  that  exhibit  this  propertjr  of  dissociation  into  electrically-charged 
ions  are  known  as  electrolytes,  to  distinguish  them  from  other  soluble  sub- 
stances, such  as  sugar,  that  do  not  dissociate  in  solution  and,  therefore,  do  not 
conduct  the  electrical  current.  Speaking  generally,  it  may  be  said  that  all 
salts,  bases,  and  acids  belong  to  the  group  of  electrolytes.  The  conception  of 
electrolytes  is  very  important  for  the  reason  that  the  act  of  dissociation  ob- 
viously increases  the  number  of  particles  moving  in  the  solution  and  thereby 
increases  the  osmotic  pressure,  since  it  has  been  found  experimentally  that,  so 
far  as  osmotic  pressures  are  concerned,  an  ion  plays  the  same  part  as  a  mole- 
cule. It  follows,  therefore,  that  tlie  osmotic  pressure  of  any  ^ven  electrolyte 
in  solution  is  increased  in  proportion  to  the  de^ee  to  which  it  is  dissociated. 
As  the  liquids  of  the  body  contain  electrolytes  m  solution  it  becomes  neces- 
sary, in  estimating  their  osmotic  pressure,  to  take  this  fact  into  consideration. 

Gram-molecular  Solutions. — The  concentration  of  a  given  substance 
in  solution  may  be  stated  by  the  usual  method  of  percentages,  but  from  the 
standpoint  of  osmotic  pressure  a  more  convenient  method  is  the  use  of  the 
unit  known  as  a  gram-molecular  solution.  A  gram-naolecule  of  any  sub- 
stance is  a  quantity  in  grams  of  the  substance  e<^ual  to  its  molecular  weight, 
while  a  gram-molecular  solution  is  one  containing  a  gram-molecule  of  the 
substance  to  a  liter  of  the  solution.  Thus,  a  gram-molecular  solution  of 
sodium  chlorid  is  one  containing  58.5  gms.  (Na,  23;  CI,  35.5)  of  the  salt  to 
a  hter,  while  a  gram-molecular  solution  of  cane-sugar  contains  342  ^ms. 
(Ci,Hj,0,i)  to  a  liter.  Similarly  a  gram-molecule  of  H  is  2  gms.  by  weight 
of  this  gas,  and  if  this  weight  of  H  were  compressed  to  the  volume  of  a  litei 
it  would  be  comparable  to  a  gram-molecular  solution.  Since  the  weight 
of  a  molecule  of  H  is  to  the  weight  of  a  molecule  of  cane-sugar  as  2  is  to 
342,  it  follows  that  a  liter  containing  2  gms.  of  H  has  the  same  number  of 

*  The  interesting  researches  of  Morse  and  Frazer  ("  The  American  Chemi- 
cal Journal,"  34,  1,  1905),  who  have  succeeded  in  making  semipermeable 
membranes  in  such  a  form  as  may  be  used  for  determining  directly  the  os- 
motic pressures  of  concentrated  (normal)  solutions,  have  shown  that  this 
law  is  not  accurately  stated.  The  actual  pressure  is  that  which  would  be 
exerted  if  the  particles  in  solution  were  gasined  at  the  same  temperature  and 
kept  to  the  volume  of  the  pure  solvent  used  (water),  instead  ot  the  volume 
of  the  entire  solution. 
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molecules  of  H  in  it  a^  a  liter  of  solution  containini?  342  inn».  of 
of  fiugar  molecules.     Vn  the  ai^BUJTiiJtion  tbrit  a  mol*^cule  in  rqI 

an  osmotic  pressure  that  is  exactly  equal  to  the  gas-pi^ssure  e:  

gas  molecule  movii^g  ia  the  sanie* space  and  at  the  same  tempci^iaft, 
are  justified  in  sayinj?  that  the  osmotic  pressure  of  a  grain-tnolecukr 
tion  of  cane-su^ar,  or  of  any  other  substance  that  is  not  an  electroljrtt,  » 
equal  to  the  gan-pressure  of  2  pns.  of  H  when  compresse*!  to  the  vdiane 
or  1  liter.  Thin  fact  piven  a  means  of  calculating  the  riemotic  pfeaRDt  d 
solutions  in  certain  caHc^  according  to  the  following  method: 

Cakulation  of  the  Osmotic  Pressure  of  Solutions. — To  illystfstc 
method  we  may  take  a  simple  problem  such  as  the  determination  of 
osmotic  preHHure  of  a  1  per  cent,  solution  of  cane-^upar.  One  jEjm.  of  H 
atmospheric  pressure  occupies  a  volume  of  11.16  liters;  2  Km».  of  H.  i' 
fore,  under  the  same  condition's  will  occupy  a  volume  of  22.32  liters 
lE^ram-molecule  of  H — that  is,  2  gms.  of  H — when  bromrfat  to  the 
of  1  liter  will  exert  a  ^aa-pressure  equal  to  that  of  22.3^  litem  comi 
to  1  hter — that  is,  a  jiressure  of  22.32  atmospheres.  A  f^ram-molecukr 
tion  of  cane-su^ar,  since  it  contains  the  same  rmmber  of  moWuled  in  s  liter, 
must  therefore  exert  an  osmotic  pres-siire  equal  to  22,32  atniosph«fefl»  A 
1  i>er  rent,  solution-  of  cane-sugar  contains,  however,  only  10  gims.  oC  «a|*r 
to  a  liter;  hence  the  osmotic  prerssure  of  the  sugar  in  such  &  sobitkia  wifl 
be  J.*^  of  22,32  atmospheres,  or  0,65  of  an  atmosphere,  which  in  tenns  of 

a  column  of  mercurv^  gives  760  X  0.65  =  494  nmis.  This  figure  t^pi—i 
the  osmotic  pressure  of  a  1  |>er  cent,  solution  of  cane-sugar  when  di^tptd 
against  pure  water  tlirough  a  membrane  imjHjrmeable  to  the  sugar] 
In  such  an  exfjeriment  water  \\ould  pass  to  the  sugar  side  until  th#| 
static  pressure  on  this  side  waa  increased  by  an  amount  equal  to  I* 
sure  of  a  column  of  mercurj-  4M  mms.  high.  Certain  additional  caJc 
that  it  is  necessary  to  make  for  the  tem]>erature  of  the  solution  need  nc<  I 
specified  in  this  tonnection.  If,  however,  we  wish  to  apply  thi* 
to  the  calculation  of  the  asm  otic  pressure  of  a  given  solution  of  an  i 
lyte,  it  is  necessary'  first  to  ascertain  the  degree  of  dis&cx^iatioQ  of  the  i 
lyte  into  its  ion^,  .since^  as  was  said  above,  di^ociation  inctBaaef  the  l 
ber  of  part^  in  sohitiou  and  to  the  same  extent  increases  osmotic  ', 
In  the  body  the  liquids  that  coni'em  us  contain  a  variety  of  &ubetanc^  a 
sMjlution,  efectrol>'tes  as  well  as  non-electrol.v'tes.  In  order,  therefotv,  lo 
calculate  the  osmotic  pressure  of  such  complex  solutions  it  is  neee^aiy  to 
ascertain  tlie  amount  of  each  substance  present »  and,  in  the  case  of  deeUO* 
lytes,  the  degree  of  dissociation.  Under  exiierimental  conditions  such  « 
calculation  is  pratiicaUy  impossible,  and  recourse  ma*?t  be  had  to  otliif 
methmls.  One  of  the  simplest  and  most  ea«ilv  apphed  of  these  method* 
is  the  dete n I li nation  of  the  freezing  [>oint  of  tfie  solution 

Determination  of  Osmotic  Pressure  by  Means  of  the  Freezing  Point, 
^-This  method  depends  upon  the  fact  that  tne  freezing  point  of  water  ia  lo»* 
ered  by  suljstances  in  solution,  and  it  has  been  discovered  thai  the  j 
of  lowering  in  prop^rrtional  to  the  number  of  parts  (molecules 
present  in  the  solution.  Since  the  osmotic  pp^?«ure  is  also  prop 
the  number  of  parts  in  solution,  it  is  convenient  to  t-idce  the  lofi 
freesing  point  of  a  solution  a^  an  index  or  measure  of  its  osmotic  . 
In  practice  a  simple  ap]iaratus  (Beckmann's  apparatus)  is  used,  ca 
essentially  of  a  \'erj''  delicate  and  adju^^table  differential  thermometer.  By 
means  of  this  instniment  the  freezing  point  of  pure  water  is  fir^t  asc«rlakM 
upon  the  empirical  tn-ale  of  the  thermometer  The  freezing  point  el  tbi 
solution  under  examination  is  then  dctemuned,  and  the  numVier  of  <la|JWu 
or  fractions  of  a  degree  by  which  it.^  freezing  jwint  is  loi^^er  than  that  of  pvn 
water  is  noted.  The  lowering  of  the  freezing  t>o*mt  in  degi^ees  centigmii 
is  ex  presided  usually  by  the  symbol  ^.  For  example,  manmialian  Udod- 
serum  gives  A  =  0.56"=  C,  A  6.05  per  cent,  sohition  of  NaCl  gives  the  mg» 
^  ;  hence  the  two  solvitions  exert  the  same  osniotic  pressure^  or,  l«i  pul  it  to 
another  way,  a  0.1)5  f>er  cent,  solution  of  NaCl  Is  Isotonic  or  i^^oMnolk  wiA 
nmrtunalian  serum.  The  A  of  any  givei^  solution  may  l»e  expressed  In  t0WB 
of  a  gram-molecular  solution  by  dividing  it  by  the  eonstant  LS7*  ne»  i 
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gram-molecular  solution  of  a  non-electrolyte  is  known  to  lower  the  freezing 
point  1.87°  C.    Thus,  if  blood-serum  gives  A  =  0.56°  C,  its  concentration  in 

terms  of  a  gram-molecular  solution  will  be  ^,  or  0.3.     In  other  words, 

blood-serum  has  0.3  of  the  osmotic  pressure  exerted  by  a  gram-molecular 
solution  of  a  non-electrolyte, — that  is,  22.32  X  0.3,  or  6.696  atmospheres. 

Remarks  upon  the  Application  of  the  Foregoing  Facts  in  Physiol- 
pgy. — In  the  bodv  water  and  substances  in  solution  are  continually  pass- 
ing through  membranes, — for  example,  in  the  production  of  lymph,  in  the 
absorption  of  water  and  digested  foodistuffs  from  the  alimentary  canal,  in 
the  nutritive  exchanges  between  the  tissue  elements  and  the  blood  or  lymph, 
in  the  production  of  the  various  secretions,  and  so  on.  In  these  cases  it  is  a 
matter  of  the  greatest  difficulty  to  give  a  satisfactory  explanation  of  the 
forces  controlling  the  flow  to  and  fro  of  the  water  and  dissolved  substances, 
but  there  can  be  little  doubt  that  in  all  of  them  the  physical  forces  of  filtration 
and  osmotic  pressure  take  an  important  part.  Wliatever  can  be  learned, 
therefore,  concerning  these  processes  must  in  the  end  have  an  important 
bearing  upon  the  explanation  of  the  nutritive  exchanges  between  the  blood 
and  tissues.  Some  aidditional  facts  may  be  mentioned  to  indicate  the  appli- 
cations that  are  made  of  these  processes  in  explaining  physiological  phenomena. 

Oamotic  Pressure  of  Proteins. — ^The  osmotic  pressure  exerted  by  crjrs* 
talloids.  such  as  the  ordinary  soluble  salts,  is,  as  we  have  seen,  very  con- 
siderable,  but  the  ready  diffusibility  of  most  of  these  salts  through  animal 
membranes  limits  very  materially  their  influence  upon  the  flow  of  water  in 
the  body.  Thus,  if  we  should  inject  a  strong  solution  of  common  salt  directly 
into  the  blood-vessels,  the  first  effect  would  be  the  setting  up  of  an  osmotic 
stream  from  the  tissues  to  the  blood  and  theproduction  of  a  condition  of 
hjrdremic  plethora  within  the  blood-vessels.  The  salt,  however,  would  soon 
dliffuse  out  into  the  tissues,  and  to  the  degree  that  this  occurred  its  efl^ect  in 
diluting  the  blood  would  tend  to  diminish  because  the  part  of  the  salt  that 
got  into  the  extravascular  lymph  spaces  would  now  exert  an  osmotic  press- 
ure in  the  opposite  direction,  drawing  water  from  the  blood.  This  fact, 
together  with  the  further  fact  that  an  excess  of  salts  in  the  body  is  soon  re- 
moved by  the  excretory  organs,  gives  to  such  substances  a  smaller  influence 
in  directing  the  water  stream  than  would  at  first  be  supposed  when  the  inten- 
sity of  their  osmotic  action  is  considered.  In  addition  to  the  ciystalloids  the 
liquids  of  our  bodies  contain  also  a  certain  amount  of  protein,  the  blood, 
especially,  containing  over  6  per  cent,  of  this  substance.  It  has  been  gen- 
erally assumed  that  proteins  m  solution  exert  little  or  no  osmotic  pressure, 
but  Starling  *  and  others  have  claimed,  on  the  contrary,  that  they  exert  a 
distinct,  although  small,  osmotic  pressure,  and  it  is  possible  that  this  fact 
IB  of  special  importance  in  absorption,  because  the  proteins  do  not  diffuse 
or  diffuse  with  great  difficulty,  and  their  effect  remains,  therefore,  so  to 
speak,  as  a  permanent  factor.  According  to  Starling,  the  osmotic  pressure 
exerted  by  the  proteins  of  serum  is  equal  to  about  30  mms.  of  mercury.  That 
the  osmotic  pressure  of  the  serum  proteins  is  so  small  is  not  surprising  if  we 
remember  the  very  high  molecular  weight  of  this  substance.  In  serum  the 
proteins  are  present  in  a  concentration  of  about  7  per  cent.,  but  owing  to 
their  large  molecular  weight  comparatively  few  protem  molecules  are  present 
in  a  solution  of  this  concentration  ;  and,  assuming  that  the  dissolved  protein 
follows  the  laws  discovered  for  crystalloids,  its  osmotic  pressure  would  depend 
upon  the  number  of  molecules  in  solution.  By  means  of  this  weak  but  con- 
stant osmotic  pressure  of  the  indiffusible  protein  it  is  possible  to  explain 
theoretically  the  fact  that  an  isotonic  or  even  a  hypertonic  solution  of  diffusi- 
ble crystalloid  may  be  completely  absorbed  by  the  blood  from  the  peritoneal 
cavity. 

Isotonic,  Hjrpertonic,  and  ^Hypotonic  Solutions. — In  physiology  the 
osmotic  pressures  exerted  by  various  solutions  are  compared  usually  with 
that  of  tne  blood-serum.  In  this  sense  an  isotonic  or  isosmotic  solution  is 
one  having  an  osmotic  pressure  equal  to  that  of  serum,  a  hypertonic  or  hy- 

*  ''Journal  of  Physiolog>',"  24,  317,  1899. 
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perosmiitic  solution  is  one  whose  osmotic  pressure  exceeds  that  of  wrum, 
anri  Q,  hypotonic  or  hypo^motic  solution  is  one  whose  osmotic  preesun  i 
less  than  that  of  serum. 

Diffusion,  or  Dialysis,  of  Soluble  Constituents. — ^If  two  Hqukli  d 
unequal  concentration  in  a  Kiven  con.Htituent  are  separated  by  a  memfaoill 
entirely  permeable  to  the  dij^solvejl  inolecule?*  of  the  i^ubstance,  a  pta$ei 
number  of  these  molecules  will  psa^  over  from  the  mo^e  roncentrate*!  to  thi 
less  concent rat«<l  side,  and  in  time  the  composition  will  \ye  the  same  on  tlie 
tw*o  sides  of  the  membrane,  Diffimion  of  sfiluhle  constituents  continujiUT 
takes  place,  therefore^  from  the  points  of  pre-ater  concentration  to  tho^  of 
lesSf  and  thi*!  may  hapjien  quite  independently  of  the  direction  of  the  osmotic 
Btream  of  water.  If,  for  instance,  a  0.9  per  cent,  solution  of  sodium  chlorid 
is  inject ed  into  the  peritoneal  cavity,  it  will  enter  into  diffusion  reli^iioo* 
with  tiie  blooii  in  the  bloixl- vessels;  its  concentration  in  sodium  clikmd 
being  greater  than  that  of  tiie  blocMi,  the  exce*?s  will  tend  to  pass  into  tlie 
blootl,  while  .sodium  carbonate,  urea,  supar,  and  otlier  soluble  crysiAUokUl 
jiukstance^  will  paxn  from  the  blood  into  the  tudt  Kolutioti  in  the  petilooei} 
cavity.  Through  the  action  of  tliid  process  of  diffusion  we  can  understiUid 
how  certain  con.stituents  of  the  blood  may  pass  to  the  tissues  of  various  clafuU 
in  amounts  greater  than  can  be  explained  if  we  supposed  that  the  Ijiu  * 
of  these  tis,sues  iti  derived  solely  by  filtration  from  the  blood-plasma*  Ai 
other  important  concefnion  in*  thiis  coimection  is  the  jHjsbibility  Oml  I 
capillarj^  walls  niuy  Jjc  peniieable  in  dilTerent  degrees  to  the  various  sohi 
constituents  of  the  blood,  and  fiirthennore  the  possibility  thnt  the  pci 
bdity  of  tlie  capilkiry  walls  may  vary  in  different  organs.  \\'ith  rejeard  to 
the  iinst  possibiUty  it  ha^*  tieen  shown  that  the  blood  capillaries  are  more 
i:>enneab)e  to  the  urea  moieculas  than  to  sugar  or  NaCL  With  the  aid  of 
thesse  facts  it  is  possible  to  explain  in  large  measure  the  transpoftali<in  of 
material  from  the  blood  to  the  tissues^  and  I'ict  wrm.  For  example,  to  foll< 
a  line  of  reasoning  u^d  by  Koth,  we  may  suppose  tliat  the  functional  activii 
of  the  tissue  elements  is  attended  by  a  consumption  of  material  which 
turn  m  J  mule  good  bv  the  disyolved  molecules  in  the  tissue  lymplu  T 
concentration  of  the  fatter  is  thereby  lowere<i,  and  in  consequence  a  dil 
9ion  stream  of  these  substances  is  set  iip  with  the  more  con(*entrated  blood. 
In  thi.s  way^  by  diffusion,  a  consttuit  supply  of  dissolved  materia 
in  motion  from  the  blcxwi  to  the  tissue  elements.  On  the  other  "^ 
functional  activity  of  the  tissue  elements  is  a<*conipanied  by 
of  the  complex  protein  molecule,  with  the  format j on  of  simpler, 
moicciilps  of  crystalloid  character,  such  as  the  sulphates,  phosphati 
urea  or  some  precursor  of  urea.  As  these  botiies  pass  into  the  ti^ui* 
they  tend  to  increase  its*  concentration,  and  thus  by  the  greater 
pressure  developed  they  serve  to  attract  water  from  the  blixxi  to  the 
forming  one  efficient  factor  in  the  production  of  lymph.  On  the  other  hand, 
as  these  substances  '"accumulate  in  the  lymph  to  a  concentration  grwitrr  iliaa 
that  possei%sed  by  the  same  stibstancea  m  the  blood,  they  will  diffusD  tow»rd 
the  blood.  By  this  means  the  waste  prmluctij  of  activltjr  are  dnimTi  off  to 
the  blood,  from  which,  in  turn,  they  are  removed  by  the  action  of  the  cxr^'-^ 
organs. 

Diffusion    of   Proteins. — Thiei    simple    explanation    on    purely 
erounds  of  the  flow  of  material  between  the  bloofi  and  the  tissues 
be  applit>d^  liowevi*r,  at   present  to  the  diffusibh*  crj\«;tiUloida,  sueh  t» 
salt^,  urea,  and  sugar.     The  proteins  of  the  blood,  which  are  Ripponed  ta 
be  ao  important  for  the  nulrition  of  I  he  ti.ssncft.  are  practically   intliCyflj' 
ihrcjugh  animfil  membranes,  so  far  as  we  knfjvv.     It  b  difhcuh  lo  eacpT 
passage  from  the  bUxxl   through  the  capillary  walb  into  the  lymj 
visionally  it  may  be  assumes!  (hat  this  passage  is  due  to  fil<  ration.     1 
idasma  *m  the  capillaries  is  undcT  a  slightly  higher  pressure  than  the  I 
the  tissues,  and  this  higher  pri-j^sure  tcniis  to  squef»ae  the  blood  contrti 
including  tne  protein,  thnnigh  the  (^ajHllary  walls.     This  explanation, 
cannot  be  said   to  be  siitisfactor>';  and   m  this  rp.sp*H't    the  purtdy 
theor^'  of  lymph  formation  waits  ypon  a  clearer  knowlrdge  of  the  nntui 
nutritive  proteins  and  their  relations  to  the  capillary  wall  (sioe  Lymph, 
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Abdominal  respiration,  636 

type  of  respiration,  640 
Absolute  power  of  muscle,  39 
Absorption  coefficient,  663 

in  large  intestine,  791 

in  small  intestine,  785 

in  stomach,  770 

of  carbohydrates,  787 

of  fats,  788 

of  proteins.  790 

spectra  of  nemoglobin,  423 
A-c  interval  (heart),  632 
Acapnia,  690,  696 
Accelerator  center  for  heart,  585 

nerves,  effect  of,  on  heart  rate,  587 
of  hearty  581 
reflex  stimulation  of,  583 
Accessory  thyroids,  850 
Accommodation  in  eye,  limits  of,  310 
mechanism  of,  307 

reflex,  320 
Acetone  bodies,  896 
Achromatic    series    of    visual    sensa- 
tions, 343 

vision,  351 
AchroodextriUj  752 
Acid  albumin  m  gastric  digestion,  766 

aceto-acctic,  896 

amino-acetic,  779,  988 

aminocaproic,  779,  988 

aminoglutaric,  988 

amino-oxypropionic,  988 

aminopropiomc,  988 

aminosuccinic^  779,  988 

aminothiolactic,  988 

aminovalerianic,  779,  988 

cholic,  799 

conjugated  sulphuric,  793,  837 

diaminocaproic,  988 

diaminotrioxydodecoic,  988 

glutaminic,  779 

glycocholic,  799 

glycuronic,  889     ' 

guanidinaminovalerianic,  988 

hippuric,  836 

lactic,  63 

oxybutyric,  896 

oxyphenylaminopropionic,  988 

oxjrproteic,  828 

phenylaminopropionic,  988 

phosphocarmc,  63 


Acid,  pyrrolidin-carboxylic,  988 

taurocholic,  799 
Acidosis,  896 
Acromegaly,  864 
Action  current,  diphasic,  102 
in  heart.  532 
in  muscle,  101 
in  nerve,  101 
in  retina,  331 
monophasic,  102 
relation  to  contraction  wave,  104 
to  nerve  impulse,  104 
Activation  of  lipase,  784 

of  trypsin,  777 
Activators,  735 
Adamkiewicz's  reaction  for  proteins, 

991 
Addison's  disease,  857 
Adenase,  736,  834 
Adenin,  64,  833 

Adrenal  bodies,  functions  of,  860 
Adrenalin,  859 
Atrial  perspective,  370 
Afirotonometer^  665 
Afferent  fibers  m  cranial  nerves,  82 
position  of,  in  posterior  roots,  81 

nerve-fibers,  78 
After-images  in  eye,  346 
Agnosia,  201,  218 
Agraphia,  217 

Air,  effect  of  variations  in,  on  res- 
pirations, 694 
Alanin,  779,  988 
Albumin,  properties  of,  992.    See  also 

Protein. 
Albuminoids,  nutritive  value  of,  883 
Albumon,  444 
Alcohol  as  food,  907 

effect  of,  on  gastric  absorption,  771 

physiological  action  of,  906 

use  of,  in  diabetes,  909 
Alexia,  217 
Alexins,  417 
Alimentary  canal,  movements  of,  701 

glycosuria,  787 

principles  of  food,  725 
Altitude,  effect  of,  on  red  corpuscles, 

431 
Amboceptors,  417 
Ametropia,  313 
Amino-acetic  acid,  779,  988 
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^^^K        10U2               ^^^^^m       ii^Ex.                                   ^^H 

^^^^B          Amino-Dbcids  as  part  of  protein  mole- 

Atropin,  action  of,  on  h«irt,  579 

^^^H               cuIp.  779,  988 

on  iris,  322 

^^^^H          Aniinocaproir  acid,  779,  988 

on  Sill i vary  secretion,  748 

^^^^H          Amino^lutaric  acid,  988 

on  sweat  secretion,  847 

^^^H          A miiit>-<jxy propionic  acid,  988 

Auditory  center  in  cortex,  20S 

^^^^H           AmiDopropiooic  acid,  779,  988 
^^^^1           AniinopunrLB,  833 

nerve,  conrse  of,  in  brain,  2(X< 

effect  of  eecretion  of,  402 

^^^^H           Aminosuccinie  acid,  779,  988 

sensations  (see  Ear). 

^^^^1           Aniinothiolar'tic  ackl,  988 

iitrijB,  211 

^^^^H          Aiiitninjdi  rianic  acid,  779,  988 

Auricle,     See  Heart. 

^^^^H          Ainnujnia  crmi|KJuruLB  in  urLnCt  828 

Auriculoventricular  bundle  erf  bei 

^^^^H              salt.s,  rolation  of,  to  iireat  829 

527,  566 

^^^^H          Aiimioniiiiii   ciirbanmle  as   precuraor 

effect  of  compiTAtng,  5^ 

^^^^H 

node,  529 

^^^^H              carbonate  aa  precurHor  of  iirea,  830 

AuHfultation,  542 

^^^^H           Amy1a,Ht% 

in  determining  blood-pmsun'. ' 

^^^^H          Ainylolytie;  cnz\^mc,  73^3 

Autolysis,  941 

^^^^1          Aaacrotie  pulse,  517 

Autolytic  enj5>Tne»,  736 

^^^^H          An:ig]yph,  :i73 

Aulomaticitv  of  heart -beat,  55!> 

^^^^H           Aiiciretrotomc  currents,  ICKi 

Autonomic  fibers  from  brain,  244> 

^^^^H           Anclectrotonu^,  86 

from  siiicral  cord,  251 

^^^^B          AngHlrom  unit,  330 

from  spiiml  cord,  248 

^^^^H          Anisotropouis  subHtance  in  mnsele,  20 

nerve-fibers,  nonnad  sptimulatioil 

^^^^H          Anode  as  8tmiulu8  to  muBcle,  HO 

251 

^^^^B                        nerve,  86 

ner\^ous  system,   general  rrkti 

^^^H              physical,  92 

of,  246 

^^^^H              physiolojKical,  92 

Axial  stream  in  arteries  ami  vf 

^^^^B          Anomalous  trichromatic  vision,  348 

472 

^^^H          Anorexia,  280 

.\xon  reflexes*  150 

^^^^H           Anoxemia^  695 

^^^^B           Anterior  conimiintgure,  185,  213 

^^^^^B               roots  of  spinal  nervca,  81 

Bacterial  action  in  inieftinei.  7*2^^ 

^^^^H,          Antifjrtjmic    impulse    in    vasodilator 

Balance  experiment:*  in  nutrition,  ST5 

^^^H               nen^e-fibers,  81,  009 

Ballixin  aseensiitns,  effect  of,  1597 

^^^^^1           Antiii^en,  416 

Baromf'tric  pressun-*,  effect  o(,  fl&5 

^^^^P           Antitytic  s^ecretion,  719 

Bartholin,  duct  c»f,  738 

^^^^^           AiUipnralytic  secretion,  749 

Basilar  membrane,  function  cif*  390 

^H                  AnfitKrombin,  453 

Bathmotropic   nerve-fibers  to  fanlti 

^H                   Antrum  pylori  of  stomach,  707 

.^7.^ 

r                        Anus  pripteruaturalis,  79! 
E                         A|Mix  beat  of  heart,  .530 

Bechterew*8  nucleus,  210,  231       ^| 
Bdl-Maicendie  law,  HI                    ^ 

1                         Aphasia,  motor,  215 

Beri-beri,  885 

1                            sensory,  217 

Bilateral     reprtsentntion     in    molai 

'                        Aphemia.  215,  217 

area-^,  19.5                                     ^m 

Apnea,  asS 

Bile,  comfMisition  of,  797               ^| 

Apraxia,  217 

cur\^e  of  secretion    "'   ^^^        ..^B 

Arginaae.  8.31 

effect  of  occludiftL                  ^\S^I 

Arginin,  780,  831,  970,  994 

ejection  of,  into  (.1                >.  Mi^| 

ATgyll-RobertHon  jjupil,  321 

functions  of,  summary.  M)5      ^H 

Arteriiil  pressure.     See  Ciradniion, 

quantity  of,  797                           ^| 

Artificial  muHcie  of  Engelmann,  71,  72 

secretion  of,  802                           ^| 

respiration,  645,  054 

Bile-acids,  composition  of,  T90      H 

stimuli  of  nerve-fibers,  81? 

BilfMluct,  j^phincter  of.  806           H 

Ascending  paths  in  spinal  cord,  167 

Bile-pigraenta,  429,  798                ^H 

Aapartic  acid,  779,  9SH 

Bile-KalLs,  iin}:M^rtance  of^  In  fat  <^H 

Asphyxia,  689 

tion,  789,  Ha^i                               ^ 

effect  of,  on  heart -nite,  589 

Bilirubin,  798                                   ■ 

Aapiratory  action  of  (borax,  051 

Biliverdin,  798                                  B 

Aasociation  areas  in  lirain,  219,  221 

Binocular  perBpective,  372,  TTI    ^| 

By  at  em  of  fibers  in  cerebrum,  182 

v  1.41  on,  352                                     V 

Aatereognosis,  2tX) 

horopter  in,  369                       J 

Astigmatism,  310 

struggle  of  viaual  fieia*  m,  Jdl" 
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Binocular  vision,  value  of,  in  judg- 
ments of  distance,  375 
of  size,  375 
Biological  reaction,  416 
Births,  ratio  of  male  and  female,  979 
Biuret  reaction  for  proteins,  991  i 

Bladder,  luinary,  movements  of,  840  j 
sphincter  of,  840  | 

f5all-,  movements  of,  803 
Blmd  spot  in  eye,  331 
Blood,  blood-plates  of,  physiology  of, 
436 

circulation  of.     See  Circulation. 

coagulation  of,  444 

condition  of  carbon  dioxid  in,  668 
of  nitrogen  in,  666 

curve  of  dissociation  of  oxyhemo- 
globin, 667 

denbrinated,  409 

gases  of,  659 

general  nroperties  of,  408 

hemoglooin  of,  412 
amount,  418 
nature,  418 

hemolysis  of  red  corpuscles,  413 

histological  structure  of,  408 

leukocytes  of,  433 

nucleoprotein  in,  444 

osmotic  pressure  of,  414 

proteins  of,  439,  441 

reaction  of,  409 

red  corpuscles  of,  412 

fate  of,  429  j 

origin  of,  429  | 

regeneration  of,  after  hemorrhage, ! 
459 

specific  gravity  of,  411 

total  quantity  of,  458 

transfusion  of,  460 
Blood-plasma,  composition  of,  439 
Blood-plates,  properties  of,  436 
Blood-pressure,  479 

diastolic,  483 

effect  of  menstruation  upon,  952 

in  brain,  619,  620 

in  capillaries,  489 

in  man,  490,  495 

mean,  483 

relation  of,  to  heart-rate,  587 

respiratory  waves  of,  652 

systolic,  483 

Traube-Hering  waves  of,  606 

venous  and  capillary,  497 
Blood-serum,  409,  440 
Body  equilibrium  in  nutrition,  875 

sense  area,  199 

temperature  in  man,  925 
Bowman's  theory   of   urinary   secre- 
tion, 818 
Brachium  conjunctivum,  231 

pontis,  233 
Brain,  association  areas  of,  219 


Brain,  auditory  center  in,  208 

center  for  olfaction,  212 
for  taste,  214 

centers  affected  in  aphasia,  215,  219 

development  of  cortical  areas,  222 

effect  of  variations  in  arterial  pres- 
sure upon,  620 

histological  differentiation  of  cor- 
tex of,  225 

intracranial  pressure  in,  618 

localization  of  function  in,  189 

motor  areas  of,  192 

regulation  of  circulation  in,  614 

sensory  areas  of,  198 

vascular  supply  of,  614 
Brightness  in  visual  sensations,  341 
Bronchi,  capacity  of,  645 

constrictor  and  dilator  fibers  of,  691 
Bulbospiral  fibers  of  heart,  526 


Caffein,  905 

Caisson  disease,  695 

Calcarine  fissure,  relation  of,  to  vision, 

206 
Calcium,  amount  of,  in  cataract,  904 
rigor,  55 

salts,  effect  of,  on  heart,  560 
in  curdling  of  milk,  768 
nutritive  value  of,  902 
secretion  of,  in  milk,  464 
Calorie,  definition  of,  927 
Calorimeters,  varieties  of,  927 
Calorimetric  equivalent,  929 

measurements,  932 
Calorimetry,  indirect,  931 

principles  of,  927 
Cannula,  washout,  481 
Capillary  blood-pressure,  489 

electrometer,  construction  of,  97 
Carbohemoglobin.  421 
Carbohydrates,  absorption  of,  787 
as  glycogen  formers,  807 
as  source  of  body  fat,  899 
fermentation  of,  in  intestine,  792 
general  functions  of,  893 
metabolism  of,  in  body,  888 
of  muscle,  62 

regulation  of  supply  of,  889 
supply  of,  in  body,  887 
Carbon  dioxid,  action  on  respiratory 
center,  686 
condition  of,  in  blood,  668 
effect  of,  in  inspired  air,  686,  695 
on    dissociation    of    oxyhemo- 
globin, 667 
on  respiratory  movements,  686 
excretion  of,  through  skin,  848 
in  balance  experiments,  875 
in  saliva,  741 

production  of,  in  muscle,  65 
tension  of,  in  alveolar  air,  670 
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^^■^        Carbon  dioxid,  t^m^on  of,  in  arterial 

Chevne-Stokes  respiration,  W^^^H 

^^^B                      blood,  671 

Cholest^rin,  77.  795»  801,  S48         ^M 

^^^^^B                   in  tissu(?s,  (^72 

Cholic  acid,  799                                 ^M 

^^^^^B                   in  venouH  blood,  G71 

Cbolin,  77                                       _   V 

^^^^^P           equilibrium,  875 

Chorda  tympani  nerve,  288»  73^,  742  ^H 
Cliromatic  aberralioti  in  eye,  313      ^H 

^^^^^            monojcid  hemoglobin,  421 

^^H              Caniiac  cycle,  54<3 

visual  sensjiiioikH,  Mi     '               ^| 

^^^^^B            glands  of  stotnuch,  754 

Chromatol;^T?is,   128                              ^^ 

^^^^B           muscle,  propertieij  of,  57,  533 

Chromophde  substance  in  nerve  edk, 

^^^^^B            nervea.     See  Heart. 

133                                                    J 

^^V                  sphincter,  705 

Chromoproteins,  904                         ^H 

^^H              Cardiop^am,  *%i7 

Chromos«omei«,  954,  975                  .^H 

^^m             Ctirdio-inhibitory  center,  576 

Chronot  ropic  Derve-fibere  to  hatft,  oll^H 

^H              Ciirnin,  64 

Chyle  fat,  789                                    ^M 

^^H               Carnosin,  64 

Chymosin,  767                                   ^1 

^H               Ca^in,  768,  965 

Ciliary  muscle,  action  of,  in  >c(<Aj^| 

^H              Catalase,  im,  737 

nio<iation,  308                ^^^^1 

^^m              CatalvBiiS,  720 

nerv^ei^  to,  318                      ^^^^^H 

^^M              Catcleetrotonic  currents,  106 

Ciliated  epithelium,  57             ^^^^H 

^^H               Cat  elect  rot  onui?,  86 

Circulating  proteins,  878           '''^^^l 

^^1               Cathode  ii.H  stimulus,  86 

Circulation,  aeco«8i>r>'  f acton  fjO^I^H 

^^H                   physical  and  physiolofi^icalp  92 

as  seen  under  microscope,  475    ^,^H 

^^H              Centers  in  cerebrum.     See  Cerebrum, 

cur\^e  shomng  pressures  in.  484. 4S»^H 

^^m              Central  field  of  vision,  :i:i6 

488                                                 H 

^^H               Centrosome,  954 

data  concerning  proasures  in  (maill^H 

^^M              Cerebellum,   ending   of   spinal   tracta 

495                                        jH 

^H                       in,  170,  232 

mean  prcHtmres  in,  486          ^M 

^^^^^            experimental  work  upon,  234 

diastole  and  systole  of  hciaft,  ^^^^H 

^^^^^H           general  fimclionH  of,  237 

effect  of  adrenal  extmct*  upon,  ^^H 

^^^^^B           loealistatioii  of  function  in,  239 

8.58                                         _^H 

^^^^^H          paths  connecting  with  other  parts 

of  heart  beat  and  sise  of  tfUfl^H 

^^^^P               of  brain. 

upon,  477                              ^^M 

^^^^^            psychical  func^tjona  of,  239 

explanatioD  of  side^pressure  in^  t^^ 

^^H                  i^tructure  of,  229 

of  velocity  chanic^  ul,  4^  t       ^H 

^^H               Cerebri  n,  78 

pressure  in,  502                      ^^ 

^^H               CerebrORalactOHides,  78 

factors    of    nonnal    prrasure   lai 

^^^B               CerebrosideH,  7K 

veloc^ity  in,  504                          ^J 

^^H               Cerebro-^pinal  lic^uid,  616 

form  of  pulse  wave,  514             ^^^^t 
general  curve  of  veloctiies  In,  47^^^ 

^^^B               Cerebrtitn,  !isA<7riation  areas  of,  219 

^^H                   center  for  hearing,  208 

stateinent  of  preasuie  reliiia^H 

^^m                      for  ollactii>n,  212 

479                                         ^H 

^^^B                      for  vision,  203 

hydrostatic  effects  upon,  506       ^i 

^^H                   centers  affect eil  in  aphania,  215 

importance  of  elasticity  of  arttnei^ 

^^^1                   i'omnus8t)rul  ^fy^tcrii  of  libera  in,  184 

503                                               ^y 

^^H                   development    of   cortical    areas   in. 

in  brain,  614                                    ^^M 

^^^B 

in  kidneys,  824                               ^M 

^^^B                   eenenil  phvsiology  of,  180 

^^H                   histological   differentiation   of   cor- 

mean^   of  determining  blood-pi^H 

mrv  in,  479.  490              ^M 

^H                               22.5 

velocities  in,  475                           ' 

^^H                   |iiatolog>^  of  cortex,  181 

pressure  in  coronary  syst«ai,  &4f 

^^^                    localization  of  function  in,  189 

in  pulmonary  system,  509 

I                           motor  areas  of,  192 

pulse  pressures  in,  4H3 

■                            projection  system  of  fibers  in,  182 

regulation  of  bUxid  supply,  610  ^^J 

FCSUltfi  of  ablation  of,  1H7 

n'spinitory  waves  of  pr«ssurr  in.  ^^^ 

sensory  areas  of,  198 

systole  and  diastole  of  heart,  £2^^H 

system  of  fibers  in,  182 

systolic,  diastolic,  and  iiie«in  pm^ 

yasomotor  supply  of,  621 

sures  in,  483                          i 

Cearumen,  S48 

vctocitic!^  in,  475               ^H 

Chemical  heat  regulationa,  936 

time  floured  for  complete,  ^^^^H 
Traube-Hering   waves   of   prafl^H 

secretion,  gaHtric,  763 

pancreatic,  777 

in,  t)06                                     ^^H 

Chemotaxis,  125.  957 

velocity  in  capiUanes,  47o          ^H 
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Circulation  velocity  in  coronary  sys- 
tem, 548 
in  man,  475 

in  pulmonary  system,  509 
of  pulse  wave,  512 
Clarke's  column,  162 
Claudication,  intermittent,  32 
Clotting.     See  Coagulation. 
Coagulation,  blood,  444 

intravascular,  454 

means  of  hastening  and  retarding, 
455 

theories  of,  446 
Coacin,  action  of,  on  iris,  322 
Cochlea,  functions  of,  392 

sensory  epithelium  of,  386 
Coefficient,  absorption,  663 

temperature,  114 
Cofennent,.735 
Cold  spots  on  skin,  274 
Color  blindness,  348 

contrasts,  347 

fusion,  344 

saturation,  344 

sense  of  retina,  351 

vision,  theories  of,  354 
Combustion  equivalents  of  foods,  917 
Comma  tract  of  Schultze,  178 
Commissural  system  of  fibers  (cere- 
brum), 184 
Common  sensations,  266 
Compensatory  pause  in  heart  beat, 

566 
Complemental  air,  644 
Complementary  colors,  345 
Compoimd  muscular  contractions,  41 
Condiments,  727,  905 
Conduction  as  physiological  property, 
74 

direction  of,  in  nerve-fibers,  113 
Conjugate  foci,  301 
Conjugated  sulphates,  837 
Contraction,  17,  32.     See  also  Muscle. 
Contralateral  conduction  in  cord,  174 
Convoluted  tubules  of  kidney,  816, 

821 
Core-model  of  nerve,  107 
Coronary  arteries,  effect  of  occlusion 
of,  552 
vasomotor  supply  of,  612 
Corpora  auadrigemma,  relation  of,  to 
visual  apparatus,  204,  207 

striata,  functions  of,  227 
Corpus  callosum,  structure  and  func- 
tion, 226 

luteum,  946 

trapezoideum,  211 
Corresponding  points  of  retina,  3bb 
Cortex  of  cereorum,   general  physi- 
ology of,  184 
histology  of,  181,  225 
Corti,  rods  of,  386 


Costal  respiration,  640 
Cowper's  glands,  969 
Cranial  nerves,  aflferent  fibers  in,  82 
efferent  fibers  of,  82 
nuclei  of  origin  of,  241 
Cranioscopy,  189 
Creatin,  64,  835 
Creatinin,  64,  835 
Cresol-sulphuric  acid,  793,  837 
Cretinism,  851 

Crystalline  lens,  calcium  of,  in  catar- 
act, 904 
Ciu-ve,  contraction,  of  artificial  mus- 
cle, 72 
of  arterial  pulse,  515,  518 
of  plain  muscle,  56 
of  skeletal  muscle,  26 
dissociation  of  oxyhemoglobin,  667 
extensibility  and  elasticity  of  mus- 
cle, 20 
p;astric  secretion,  761 
mtensity  of  sleep,  255 
pancreatic  secretion,  775 
pressures  in  vascular  system,  484, 

487,  488 
relations  of  heart  sounds,  543,  544 
respiratory  movements,  642 
secretion  of  bile,  804 
systolic,  diastolic,  and  mean  blood- 
pressures,  483 
velocity  of  blood-flow,  477 
venous  pulse,  520 
visual  acuity  of  retina,  338 
work  of  muscle,  40 
Cycloplegia,  323 
Cystin,  800,  988 
Cystinuria,  800 


Dead  space  of  lungs,  645 
Deamidizing  enzymes,  734 
Death  rigor,  chemical  changes  during, 
68 
in  muscle,  52 

theories,  of,  983 
Deep  reflexes,  158 

sensibihty,  272,  281,  283 
Defecation,  720 

Degeneration  in  nerve-fibers,  124 
Deglutition,  701 

nervous  control  of,  705 
Deiter's  cells  in  cochlea,  386 

nucleus,  210,  231 
Demarcation     current,    muscle    and 

nerve,  94 
Demilunes  of  salivary  glands,  738 
Depressor  nerve-fibers,  601 

of  heart,  604 
Derived  proteins,  995 
Descending  paths,  spinal  cord,   176, 

178 
Deuteranopia,  349 
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^^H             DpuI ercvalbuiiioses,  766                            Ear  functiotis  of  ccK'hlra.  392     ^^^H 

^^H              D«^  Vries'  thf-orv  of  iiiutation,  976                  of  Piir-bones,  381                   ^^^| 

^H              Diab(^tps,  NS9 

of  saeeulns,  406                      ^^^B 

^^H             iTH'iiitus,  sm 

of  utrieulus,  4(M>                          ^^M 

^^^^^            pancrx^titir,  S90 

inlrin^ic  mu^^cle;*  of,  384               ^H 

^^^^H           pJiloridzin,  S92 

limits  of  hearing,  396                     ^H 

^^^^B           ^^^'  (^^  »1eohcil  in,  901> 

pogiiion  of  l>ones  in,  381                ^1 

^             Dialj^is,  definition  of,  1(KK> 

projection   of  auditory  «rtsUa>fii»^l 

^^H              DiiimitiotrioxyikKiecoic  aciil,  988 

38,5                                                 M 

^^H             D)a|>hra|mi,  acili^n  i>f,  liilH 

semicircular  canals  of,  398      ^^^^t 

^^H              Diaphragniut  ic  re^f >ir^it  ion,  G3H 

sensaliofUH  of  diftcord,  396       ^^^H 

^^^B              Diusttu^'t 

of  harmony,  31»(i                   ^^^^B 

^^H                  ilisnuvc-ry  of,  72S 

senjiiory  epithelium  in  cocWf**  1%  ^B 

^^H               Di aclasis  of  heart,  rA(\  5'11 

structure  of,  387,  3\13                       ^^ 

^^H              DiitwtoK  duration  of,  in  hoart.  547 

bones  of,  :i81 

^^^^^       Diastolic  arterial  prt^surc,  4S3 

theories  of  functions  of  tictninnruUr  ^      . 

^^^^^L                  method  of  dotpmilninic,  in  ani- 

canals  of,  402                               ^H 

^^^^^B 

tvmpanic  membrane  of,  3S0          ^H 

^^^^^                           in  man,  491 

Eck  Bstula,  830                                  H 

^^H              Dicrotic  pulse  wave,  516 

Efferent  nervi^fibers,  78                     ^H 

^^m             Diet,  aerc^Nory  artleles  of,  727.  905 

occurrence  in  anterior  roola^  80   ^H 

^^H                  average  daily,  919,  92<t 

in  eranial  n*  ne$,  S2               ^H 

^^H                  effect  of  re<liiction  of  salts  in,  902 

Ejaciiiation  of  spermatic  liquid^  972 ^H 
Kla^ticitv  and  extensibility  of  mUidq^H 

^^m              Dietetics,  general  pnnri[ileH  of,  919 

^^H              Diffusion  eireles  on  retina,  Ii07 

^B 

^^H                  detinition  of,  995 

Elect  rical  changes  in  h»»art,  532, 6Sl    ^M 

^^H              Digestion  in  larf^e  iolci^tine,  791 

in  nouscle  and  nerve  9i                  ^H 

^^H                  in  small  intestme,  773 

u  it  h  respiratory  movcmefttiv  681 

^^H                  'm  stomach,  7t)9 

Elect  rocanlit»^un«,  533 

^^V.             Diopter,  <lelinition  of,  311 

Elerir*Hlei>.  ncjn-twjlamable,  99 

^H              Dio|itncs  of  eye,  30<J 
^^^L              Diplopia.  3t>4,  ;it)7 

!s( inflating,  85 

Electrolytes,    effect    of,    on   OOM^^^ 

^^H              Direct  field  of  vision,  eye,  336 

pres^sure,  997                              ^^^^H 

^^^1              Discord,  phv^^tolo^cal  explanation  of, 

Elect  rot  onic  cujTejit&,  106         ^^^^H 

^H                  3(>6 

Elet*trotonus,  86                                          1 

^^H              Dissociation  of  oxyhrtnogloljju,  667 

Eleven!  h  eriinial  nerve,  nudww  nf,  345        1 

^^^B              Diuretics,  action  of,  823 

Embryo,  nutrition  of,  959              ^^m 

^^H              Dominant  chaniet eristics  in  hercnlitv, 

EndoKcnous  filicns  o(  aipinal  cord,  l^'S^H 

^H 

Ener,(:y  of  muj^euiar  contraction,  3(>  ^H 

^^^B              Droiiioiirraph,  474 

Enterokinasc,  777,  784                        ^H 

^^H              Dromotropic    ncrve-fiberji    to    heart, 

Entoptic  phenomena^  360                 ^H 

^^H 

Enx>'me8.  u<lcnase,  736,  834              ^^M 

^^H             Dualist ic    therirv    (hlood-corpui^doi), 

aTuylase,  782                              ^^^H 

^H 

argina.sc,  831                            ^^^^^1 

^^1             Duet  of  Bartholin,  738 

chemiBtry  of,  #3^                      ^^^^B 

^^H                  of  Hivinn^,  738 

chirisitieation  of,  732                ^^^^| 

^^B                   of  Sfenson,  738 

iieamidi2ing,  734                       ^^^^| 

^^P                  of  Wharton.  738 

iie6nition  rif.  732                      ^^^^^ 

^^M                  of  Winsuntr,  773 

endxjcti^ymt^,  733                    ^^^^^H 

^H  '             Dyspneu.  til*.),  tiS8 

entcrokiniLse,  777,  784             ^^^^| 

W                   Dj'wpnixia,  22"/ 

erepHin,  781,  785                       ^^^1 

exoenzMuee,  7.'i3                        ^^^^M 

generaf  propertic!s  of,  734        ^^^^M 
glvcolvtic,  736,  871                    ^^^H 

Ear,    effect    of   section    of    auditory 

ncrve*^,   !02 

guana84\  736.  834                      ^^^H 

of    stimulation    of    Bcmieircular 

hislorieal  accoiuit  uf,  728        ^^^^H 

canals*  401 

intracellular,  Mi                      ^^^^H 

Etistaefiian  tube  of,  3K.^ 

inverting.  785                          ^^^^| 

Flourens'     experiiiients     on     semi- 

^^^^H 

eireular  canals.  399 

nucleiisie,  7*^                             ^^^^| 

funetionH  in  analvzing  sound  wav^, 

of  muscle,  64                             J^^^H 

392 

oxidases,  734«  9SS                  ^^^| 
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J.  pepsin,  763 
jases,  941 
1,  751 
,  767 

ble  reactions  of,  730 
3ity  of,  731 
1,  778 

sensations,  273 
Uty,  272 
Is,  970 
rin,  859 

,  physiology  of,  971 
785 
)h,  47 
>lasts,  430 
lytes.         See   Red  hlood-cor- 

lextrin,  752 
<;tion  of,  on  iris,  322 
sulphates,  837 
639 

an  tube,  385 
n,  hypothesis  of,  in  heredity, 

IS  fibers  in  spinal  cord,  168 
m.     See  also  Respiration. 
ion  of,  635 
-ory  center,  683 
s  of,  638 

air,  composition  of,  655 
ious  effects  of,  656 
ility  of  muscle,  20 
thrust  reflex,  156 
lormalities  in  refraction  of, 

Tiodation  in,  307 

of  drugs  upon,  322 

of  vision  in,  337 

nages  in,  346 

cal  instrument,  300 

lar  field  of  vision,  366 

pective,  372 

itic  aberration  in,  313 

►lindness  of,  348 

rasts  in,  347 

►n  in,  343 

jmentary  colors,  345 

)onding  points  in,  366 

dapted,  332,  340 

)n  circk^s  in,  307 

ia  in,  364,  367 

field  of  vision  in,  336 

ic  phenomena  in,  360 

nt  of  distinct  vision,  310 

m  of  cones,  352 

xis,  352 

nental  color  seasations,  345 

er,  369 

't  field  of  vision  in,  336 

lon  of  image  in,  305 

/lapted,  332,  340 

X  in,  320 


Eye,  movements  of,  362 
muscular  insufficiency,  364 
nature  of  visual  stimuli,  332 
near  point  of  distinct  vision,  310 
nodal  point  of,  304 
ophthalmoscopic    examination    of, 

325 
optical  defects  of,  313 

delusions,  376 
physics  of  formation  of  image  in, 

303 
qualities  of  \dsual  sensations,  343 
reduced  schematic  (Listing),  304 
refractive  power  of,  311 
size  of  retinal  images,  306 
spherical  aberration  in,  313 
stereoscopic  vision,  372 
struggle  of  visual  fields,  369 
suppression  of  visual  images,  369 
theories  of  color  vision,  354 
threshold  stimulus  of,  339 
visual  field  of,  334 

judgments,  370 

purple  of,  332 
Eye-muscles,  action  of,  362 


Facial  nerve,  dilator  fibers  in,  606 

nucleus  of,  244 
Far  point  of  distinct  vision,  310 
Fat,  absorption  of,  788 

as  glycogen  former,  809 

digestion  of,  782 
in  stomach,  772 

excessive  formation  of,  in  obesity, 
899 

in  bile,  802 

metabolism  of,  in  body,  895 

mode  of  oxidation  of,  m  body,  896 

nutritive  value  of,  894 

of  chyle,  789 

origin  of,  from  carbohydrates,  898 
in  body,  897 

relation  of  liver  to,  896 
Fatigue  in  nerve-fibers,  116 

muscular,  40 

of  olfactory  organs,  297 

theories  of,  69 

toxin,  70,  658 
Feces,  composition  of,  704 
Fermentation  in  intestine,  792 

of  carbohvdrates  in  small  intestine, 
788 
Ferments^  historical  account  of,  728 
Fertilization  of  ovum,  956 
Fibrillary  contractions  of  heart,  553 
Fibrin  ferment,  preparation  of,  446 

relations  to  blood-clot,  444 
Fibrinogen,  442 

preparation  of,  446 
Fictitious  meal  (Pawlow),  760 
Fifth  cranial  nerve,  244 
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^m              Fillet,  lateral,  211 

Glossopharyngeal  nerve,  nuclm^VIH 

^m                    merlbn,  2(K) 

Glucijsamin,  990                                 H 

^B               Fistula,  E^'s.  830 

Glutamnuc  acid»  i  ;y,  988                ■ 

^B                    ^all-bladder,  706 

Gluteins,  993                                        ■ 

^H                    st Ulnar h,  757 

Glutolln,  444                               ^^M 

^B                    Thiry-\  f^lla,  784 

Glycin,  779,  799,  983               ^^^H 

^H                FlavoFi^,  727 

Glvcocholic  acid,  799               ^^^H 

^H                   dietary,  import anor*  of,  905 

Glycocoll,  988                             SH 

^H                Flerhsig's  iriyflitiii^atkm  inHliod,   163 

Glycogen,  amount  of,  in  liver,  W^H 

^H                Fhiorkl  so  hit  ion,  offecl  on  clot  ting,  45B 

disctjver>^  of,  806                           ^M 

^H                Food,  conijxtsition  of,  727 

glycogeruc  theory,  809                  ■ 

^B                    definition  of,  727 

importance  of,  in  embryo,  960      ^ 

^H                     potential  enerjo'  of,  91.5 

in  muscle,  62,  811 

^H                Foodiftuffs,  definition  of,  727 

loss  of,   during  mudcuUr  pontnfr 

^H                 Fourth  crania!  nerve,  nuelous  of,  24.3 

lions,  66                                      M 

^V                 Fovea,  center  for,  in  oceijiital  cortex, 

metabolism  of,  in  body,  8i94  ^^B 

207 

origin  of,  807                           ^^^M 

of  retina,  size  of,  33<> 

supply  of,  in  body.  887         ^^^| 

Franklin  ihfHjry  of  eolor  \'mion,  358 

Clycogencfiis,  889                         ^^^B 

Freezing-jjoint,  method  of  determin- 

(Vlycogenolysis,  889                            H 

injE,  99S 

Glycolysis  of  sugars  in  body,  888      ■ 

Fundie  glandn  of  stomaeh,  754 

Glycoproteins,  992                             fl 

Fundus  of  stomach,  707 

Glycosuria,  S90                          ^^^t 

alimentarv,  787                      ^^^H 

Glycylglycin,  (»H9                     . '^^H 
Gmefin's  reaction   for  bilivfii^9^^| 

Gall-blabdeb,  functions  of,  803 

nerves  of,  804 

79S                                                 "^M 

Galvanouieler»  construction  of,  95 

Golgi's  nerve  celb,  «tH?ond  type,  I33'^| 

(FArsonral,  96 

pericelkilar  nerve  net,  134             ■ 

string,  98 

Graafian  folliele,  stniciurr  of,  W5    ■ 

(las^i*,  luws  goveminic  absorption  of, 

Grani-uiolccular  solution,  997          ■ 

t>«>2 

Growth,  982                                      fl 

of  blood,  fi59 

Guanase,  736,  834                             ■ 

fjressure  nf,  tiC2 

Guantn,  64,  833                                ■ 

teosifiii  of.  in  solution,  664 

Guddcn'ts  ex}mmissure,  205,  212       H 

Gas-punip,  t56t> 

^1 

Gastric  glands,  754 

^^t 

histological    changes    in,    during 

Harmony,  pb.vsiologicat  f^iae  of,  l|[fl 

secret  ion  J  755 

11  austral  churning,  719            ^hH 

secretory  nerves  of,  760 

Hearing.     See  Ear.                   ^^^^M 

sccrclion,  acid  of,  75S 

cortical  center  of,  208           ^^^B 

rheniical,  76:^ 

limits  of,  396                                  V 

composition  of,  756 

Heart,  accc*lerator  center  for,  5S5    ■ 

curve  of,  762 

nerves  of,  581                            ^M 

means  of  obtaining,  756 

action,  fnirrent  of,  532                  ^M 

nervous,  7ihi 

of  inhibitory  nerves,  571          ^M 
analysis  of  inhibition,  573           ^M 

normal  mechanism  of,  761 

Gelatin,  history*  of,  iis  a  fiiod,  884 

apex  beat  i»f>  536                          ^M 

nutritive  value  of,  884 

auricuioventricular  btmdie,  527,  SiH 

Genital  organs,  vasomotor  supply  of, 

automaticity  of^  554                       M 

626 

capacity  of  ventricleai  of,  547       fl 

Germ  plasm,  definition  of^  984 

cardiac  nerves  of,  course,  571       H 

Glans  penis »  Hcnsibilify  of,  273 

cardiogram,  537                            H 

Glkdin,  nutritive  value  of,  KS4 

cardio-inhibitory  center  of,  57ft  H 

Globin,  418,  994 

causation  of  beat,  554                ^H 

Globulieidal    action    of    hlood-senim. 

change  in  form  of  ventricle  in  ^|^| 

i                            415 

•                       Globulins,  general  properties  of,  99H 

tote,  534                                    H 

compenjsatory  pause  of,  566        ^M 

'                      Glomerulus  of  kidnev,  functions  of, 

contraction  wave  in,  530             ^H 

810 

coronary  circulation  in,  >t'>          ■ 

Glossopharyngeal  nerve,  dilator  fibers 

course  of  cardiac  nerve*,  .'71        ■ 

:                          in,  606 

f' 

depressor  nen^e  of,  604                ^M 
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Heart,  diastasis  of,  541 
diastole  and  systole  of,  524 

time  relations  of,  547 
effect  of  calcium  upon,  560 
of  drugs  on,  579 
of  occlusion  of  coronaries  upon, 

552 
of  potassium  upon,  560 
of  sodium  upon,  560 
electrical  changes  in,  532,  681 
escape  from  inhibition,  575 
events  of  a  cardiac  cycle,  546 
fibrillary  contractions,  553 
historical  account  of  beat  of,  555 
inhibition  of  auricle,  575 

of  ventricle,  575 
intraventricular  pressure  during  sys- 
tole, 537 
intrinsic  nerves  of,  556 
maximal  contractions  of,  563 
musculature  of,  524 
myogenic  theory  of  beat  of,  557 
negative  pressure  in,  550 
neurogenic  theory  of  beat  of,  556 
rate  of  beat  as  affected  by  age,  586 
by  blood-pressure,  587 
by  intrinsic  nerves,  587 
by  muscular  exercise,  588 
by  sex,  586 
by  size,  586 
by  temperature,  589 
reflex  acceleration  of  beat,  583 
refractory  period  of,  565 
sequence  of  beat  of,  566 
soimds  of,  542 
suction-pump  action  of,  550 
systole  and  diastole  of,  524 
time  relations  of,  547 
svstolic  plateau  of  beat,  538 
theories  of  inhibition  of,  579 
third  sound  of,  545 
tonic  inhibition  of,  577 
tonicity  of  muscle  of,  569 
vasomotors  of,  612 
ventricle  of,  in  systole,  534 
ventricular  output  of,  539 
volume  curve  of,  539 
work  done  by,  547 
Heart-block,  568 
Heart-muscle,   general  properties  of, 

57,563 
Heat  centers,  936 

equivalent  of  foodstuffs,  916 

loss  of,  physiological  regulation  of, 

932 
nerves,  936 
production  in  hydrolysis,  915 

physiological  regulation  of,  935 
puncture,  937 
regulation,  chemical,  936 

general  statement  of,  932 
^    physical,  934 

64 


Heat  rigor  of  muscle,  53 

sexual,  in  lower  animals,  948 
Helmholtz  theory  of  color  vision,  355 
Helweg's  bundle,  spinal  cord,  179 
Hematin,  419,  428 
Hematoidin,  429 
Hematopoietic  tissue,  430 
Hematoporphyrin,  429 
Hemeralopia  (night-blindness),  354 
Hemianopia  (quadrant),  207 
Hemin.  428 
Hemiplegia,  194 
Hemochromogen.  418,  429 
Hemodromograpn,  474 
Hemoglobin,   absorption   spectra  of, 
423 

compounds  of,  with  carbon  dioxid, 
421 
monoxid,  421 
nitric  oxid,  420 
oxygen.  420 

condition  ol,  in  corpuscles,  412 

crystals  of.  422 

curve  of  aissociation  of  oxyhemo- 
globm,  667 

derivative  compounds  of,  427 

iron  in,  421 

nature  and  amount  of,  418 
Hemolysins,  natiu'al  and  acquired,  415 
Hemolysis,  413 
Hemophilia,  446 
Hemorrhage,  effect  of,  459 
Heredity,  definition  and  history,  974 
Hering  theory  of  color  vision,  366 
Heterotypicai  division  of  ovum,  955 
Hexon  Bases,  970 
Hippuric  acid,  836 
Histidin,  780,  988 
Histohematins,  429 
Histons,  971,  993 
Hofacker-Sadler  lawj  980 
Homoiothermous  ammals^  925 
Homolateral  conduction  m  cord,  174 
Homotypical  division  of  ovum,  955 
Hordein,  nutritive  value  of,  884 
Hormones,  763 
Horopter,  369 
Hunger,  sense  of,  284 
Hydrocele  liquid,  442 
Hydrochloric  acid,  combined,  in  gas- 
tric secretion,  759 
function  of,  in  peptic  digestion, 

765 
in  gastric  juice,  758 
Hydrolysis,  734 

heat  energy  of,  915 
Hydrostatic  factor  in  circulation,  506 
Hyperglycemia,  890 
Hypermetropia,  315 
Hyperpituitarism,  865 
Hyperpnea,  688 
Hypertension,  861 
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Hypi^rttimc  solutionB,  999 
Hypnotic  sleep,  264 
Hypnottixin,  2(>i 

HyiKiglossal  nerve,  nucleus  of  >  245 
HyiKjpituitsiriHm,  865 
H y p>t  ension ,  stt  1 
Hypotonic  sijIu lions,  999 
Hypoxanihin*  1)4,  832 


Identical  |>oints  of  retina,  366 
identity  theory  of  nerve  im[ml8c,  122 
Inunune  hcuiy,  417 
Inconjcruence  of  retinas,  367 
ln«li(*an,  837 

Indirect  ealorimetry,  931 
field  of  vision,  eye,  336 
Intiol  groui>  in  protein  molecule,  7S0 
Intioxyl  sulphuric  acid,  79^3,  837 
Induelkm  coil,  24 
Inert  layer  in  circulation^  472 
Inherit linee,  Mendelian,  977 
Inhihition,  esciipe  from,  in  heart,  57r> 
of  heart,  571 
of  knee-ji»rk,  154 
of  reflexes,  14ti 

of  respiratory  movements,  680 
reflex  of  heart,  57 fi 
theories  of,  579 
Inofropin  nerv^en  to  heart,  575 
Inapiration.     See  also  Re^pireUwn, 
definition  of,  6Ji5 
increiised  heart -rate  during,  654 
meanB  of  produeiuK,  636 
muscles  of,  63H 
Inspireti  air,  cnm  posit  ion  of,  655 
Intermedijiry  metabolism  of  carbohy- 
drates, 8SS 
of  fats,  895 
of  nucleoproteinB,  832 
of  prot<'ins,  877 
pro<iuet8  of  muHcle  metabotisirii  66 
Intc^rmittent  ehiyilication.  32 
Internal  secretion,  adn-iials,  857 

definitioo  and  historical  account, 

8^19 
liver,  846 
ovary,  868 
pancreas,  869 
testis,  866 
th>Toid  tissues,  S40 
fieoBsitJons,  267 
Interstitial  tissue,  867.  967 
Intestinal  movements,  elJect  of  vari- 
ous conditions  uixm,  717 
secretion,  7S4 
IntcistinGs,  bacterial  action  in,  792       i 
large,  movements  of,  718 
nervous  control  of  movements  of, 

717 
rc^fietifin  of  contents  of,  792 
small,  movemenlij  of,  713 
Intracellular  en^Gymes,  941 


Intracranial  pressure,  618 
Intra-oeular  pre-sssure,  324 
Intrapulmonic  pn[>s$iure,  647 
Intrathoracic  pressure,  64Ji 
origin  of,  650 
variations  of,  wllh  foreed 
ing,  649 
Intraventricular  pressure,  537 
Introductorv  contraetions  of  imtt^ 

35 
Invertase,  736,  7S5 
Involuntary  muscle,  55 
lodothyrin,  851 
Iris,  action  of  drups  upon,  322 

atitagunisiic  action  of  mu^clrs  upon, 
319 

muscles  and  nerves  of,  3 IS 
Iron,  effect  of  removal  of  splwn  m, 
815 

in  henioglobin,  421 

salts,  source  iukI  nutritiire  unpBT' 
tant^e  of,  t»02 
Irritability,  definition  of,  23 

of  muscle,  23 

of  nerve-fibers,  S3 
latxivnamic  equivalent  of  fornkttrf^ 

920 
Isolcuein,  988 

Isometric  muscular  contmctioiB,  3$ 
Isotonic  muscidar  contr&ctioikft,  28 

sohitioufs,  definition  of,  999 
laotropous  substance  in  mu0clv^  30 


Jacoi3»on,  Der\'e  of,  738 
Judgments,   visual,   of   cUstancr 
size,  375 
perspective  or  solidity,  370 


Kenotoxiw.  70,  6.58 

Kiilney,  action  of  diuretics  on,  Silt 
blooH-flow  through,  H2t 
comp<:)sition  of  9c«^rolion  of  Utnnfi 

826 
function  of  convoluted  tabu 

of  glomerulus,  819 
»€HTetion  of  urine  in,  817 
structure  of,  816 
Kiniiscs,  735 

Kjeltlajll's    r,        ■       '    ; 

of  nitrogi 
Km*i^-jerk,  i^u-  ..i....i 

definition  of,  153 

explanation  of,  155 

nHuforeemont  of,  153 

tise  of,  as  dia|i:no8tic  <^g3i,  ]a8 
Kttpffer  cells,  430 


Lao  OR  physioloii^y  of,  962 
Lactic  acid  in  muscle,  63 

IncrcHSP  of,  during  cotit  rac^ 
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Laked  blood,  413 
Langerhans,  islands  of,  870,  871 
Large  intestine,  digestion  and  absorp- 
tion of  food  in,  791 
movements  of,  718 
Larynx,  reflex  effects  from,  on  respi- 
rations, 682 
Latent  period  of  muscular  contrac- 
tion, 27 
Law  of  constant  energy  consumption, 
985 
growth-quotient,  985 

of  surface  area,  932 
Lecithin,  77,  801 

as  complement,  417 
Lecithoproteins,  995 
Lemniscus,  lateral,  211 

median,  200 
lieucin,  779,  988 

Leucoc3rte8,     effect     of     hemorrhage 
upon,  460 

functions  of,  434 

structure  and  classification,  434 

variations  in  number  of,  435 
Leydig's  cells,  867 
Licbermann's   reaction   for   proteins, 

992 
Liebig's    classification    of    foodstuffs, 

910 
Light-reflex  in  eye,  320 
Lipase,  733 

activation  of,  784 

gastric,  769 

in  pancreatic  secretion,  782 

reversible  reaction  of,  731 
Lipoids,  76 
Listing's  law,  364 

schematic  eye,  304 
Liver,  bile-pigments  of,  798 
acids  of,  799 

formation  of  urea  in,  812 

glycogen  of,  806 

^ycogenic  action  of,  809,  810 

internal  secretion  of,  850 

pulse,  519 

quantity  of  bile,  797 

relation  of,  to  fat  metabolism,  896 

secretion  of  bile,  802 
Localization  of  function  in  cerebellum, 
239 
in  cerebrum,  189 
Localizing  power  of  skin,  277 
Locke's  solution,  561 
IxHJomotor  ataxia,  169 
Ludwig  theory  of  urinary  secretion, 

817 
Luminosity  of  visual  sensations,  341 
Lungs,  gaseous  exchanges  in,  670 

total  surface  of,  635,  671 

vasomotors  of,  613 
Lymph,  action  of  lymphagogues,  465 

circulation  of,  628 

formation  of,  463 


LjTnph,  summary  of  factors  concerned 

in  formation  of,  468 
Lymphoblasts,  434 
Lymphocjrtes,  434 
Lysin,  780,  988,  994 


Macrgphags,  430 
Macular  field,  337 
Maltase,  736,  751,  782,  785 
Maltose,  752,  782 

Mammary  glands,  conditions  control- 
ling secretion  of,  963 
structiu^  and  fimctions,  962 
Manometer,  Htirthle's,  485 
maximum  and  minimum.  486 
use  of,  for  determining  blood-pree- 
sure.  479 
Mast  cells,  435 
Mastication,  701 
Mathematical  perspective,  371 
Mean  blood-pressure,  484 
Medulla  oblongata,  241 

respiratoiy  center  in,  674 
Medullary  striae,  211 
Mcndelian  law  of  inheritance,  977 
Meningeal  spaces,  616 
Menstruation,  947 
effect  of,  on  other  functions.  952 
physiological  significance  ot,  951 
Mercury  manometer,  use  of,  for  blood-  ^ 

pressures,  479 
Metabolism,  definition  of,  873 
intermediary,  of  carbohydrates,  889 
of  fats,  895 
of  nucleoproteins,  832 
of  proteins,  877 
Metaproteins,  995 
Metathrombin,  454 
Methemoglobin,  427 
Methylpurins,  833 
Microphage,  436 
Micturition,  physiology  of,  839 
Milk,  composition  of,  965 
Millon's  reaction  for  proteins,  991 
Minimal  air,  644 
Miosis,  definition  of,  322 
Molisch  reaction  for  proteins,  992 
Monakow's  bundle,  178 
Motor  aphasia,  215 
areas  of  brain,  192 
paths  in  spinal  cord,  176 
points  in  man,  91 
Mountain  sickness,  695 
Movements  of  alimentary  canal,  defe- 
cation, 720 
deglutition,  701 
large  intestine,  718 
mastication,  701 
small  intestine,  713 
stomach,  708 
vomiting,  722 
Mucin  in  saliva,  741 


^H                           ^^^r                            ^^^^^^^^^^H 

^^H           Muscaiin,  action  of,  on  hefkrt,  570 

Muscle,  water  rigor  of.  55           ^^^H 

^^1                   on  im,  322 

white  and  red  fibers  of,  19               ^H 

^^H                    on  sweat-glands,  H47 

Muacle-aetise,  cortical  an?ii  for,  199       ^^ 

^^H            Muscle,  absolute  power  of*  39 

mijxirtance  of,  in  visml  iudmowti^ 

^^H               action  current,  of,  101 

371                                                  ^ 

^^H               artificial  .stimulatioti  of,  24 

paths  for,  in  spinal  cord,  170»  172     ^M 

^^H                catciuni  rigor  of,  5.i 

quality  of,  283                                   ^1 

^^H                carbohydrates  of,  <52 

Muscular  contraction,  electiical  ?M»-   ^t 

^^m               curdinf,  properties  of,  57,  5(53 

tion  in*  104 

^^B                chemical    changes   of,    in    contrac- 

^^H 

in,  65 

^^K                conipoHition  of,  60 

insufficiency  in  tnovemenu  of  Qi^^J 

^^H                compound  contractions  of^  41    . 

balls,  3(V1                             ^^H 

^^H                contraction  of,  25 

or  deep  sensibility,  2^1         B^^^| 

^^H                     wave  of,  36 

work»  effect  of*  on  hean-nitp,  ^^iP^^H 

^^B                contnu-ture  of,  32 

on  physiological  o\tdn»i-^'ia,Kfc^^H 

^^H                cur^^e  of  work  of,  40 

on  protein  mot  i               11        ^ 

^^H                death  rigor,  52 

on  respiratory  :                   088 

^^M               denjarcaUon  current  of,  94 

Musical    sounds,     chwsMU' auuu   iod 

^^H                direct  irrit ability  of,  23 

prcjperties  of,  388 

^^H                dLsapiM-aranre  of  glycogen  in,  66 

Mutations,  theories  of,  976 

^^H                effect  of  tcniperuiurc  u|K)n,  2S) 

Mydriiii^ls,  definition  of.  322 

^^H                    of  veratria  upon,  31 

Myelin  sheath  of   nen'C^fibers,  fttBC- 

^^m               energy  Uberatt^tl  m,  36 

lion  of,  75 

^^H                Engelnmnn's  artifieiul,  71,  72 

Myelinixation    mcthotl    of    fVehilgr        , 

^^H               en%>^(^  of,  M 

\m,  222                                              ^ 

^^M               ergographic  rec*irtls  frtirn,  47 

Myeloblasts,  434                                    ^1 

^^H                extensibility  and  elaslicitv  of,  20 

Myofibrilla-  (of  plain  muaclr),  55        ^M 

^H                fatigue  of,  35,  49,  69 

Myogen,  t>I                                             ^H 

^^B                 glyroKen  of,  81 1 

iibrin,  til                                             ^M 

^^H                heat  rigor  of,  52 

Myogenic  iheorj'  of  bmrt  beAl,  557    ^M 

^^H                inorganic  snlt^  of,  65 

tonus,  57                                            ^H 

^^H                inlnxluetory  contractions  of,  35 

Myohcmatin,  429                                  ^H 

^^^1                isotonic  mul  isometric  contractions 

Myopia,  314                                   ^_^^B 

^H 

Mvosin,  61                                     ^^^^B 

^^H                lactic  ncid  of,  63 

fibriD,  61                                   ^^^M 

^^^B                latent,  period  of  contraction  of,  27 

M^'xedema,  851                            ^^^^| 

^^^B                maximal  and  submaximal  contrac- 

^^^^^1 

^^H                     t)on8  of,  29 

^^^^^M 

^^^1                 myogenic  toruis  of,  57 

Narcosis,  effect  of,  upon  nerv«  te^H 

^^H                 neurogenir^  tonu:<4  of,  56 

pulse,  115                                            ^U 

^^^B                nttrnj^enoUH  extractives  of,  63 

Near  |Kiint  of  distinct  vision,  310     ^^| 

^^H                iiiuriber    of   stimuli    nece6sar>'    for 

Negative  pressure  in  thorax.  f^S,  03fl^H 

^^H                     tetanus,  44 

in  veniricle,  550                            ^H 

^^H               pale  fibers,  in,  19»  26 

vari:ition  In  muscle  and  ncrr^,  lOI^H 

^^^H                pigments  of^  64 

^H 

^^H                plain, 

Ner\'e,  abduccns,  nucleus  of,  344       ^H 

^^M               plasma,  19,  60 

auditi»ry,  209                                   ^^M 

^^H                 proteiiks  of.  tM) 

chorda  tympani.  2S8»  739,  742      ^H 

^^               rer{  fibers  in,  19,  26 

fariat  nucleus  of,  244                         ^^M 

B                       6arco|jlasm,  19 

fourth  eraniaJ,  nuct^                          ^H 

P                       simple  contraction  of,  25 

glfis^rjphurN'nizeal,  u^<                 '^^_^| 

emooth,  55 

heniorrhoidalis  infiTiiT,   7.'o     ^^^^| 

stroma,  62 

hypogio«.sal.  nuclett'*  of,  -^*^^^^^H 

structure  of  fiber,  18 

moti>r  and  sensorv  rootA  ctf,  ^'^^^^1 

by  poltirizcHi  hght,  19 

olfuctorv',  212                                    ^H 

summation  of  contracHons  of,  43 

optie,  204                                            ^M 

theories  of  nature  of  contraction,  71 

pud  end  us,  720                                 _f^^H 

tone  of,  durinp  contraction^  43 

rt/current,    sensibility    of    ftHtCfil^H 

tonicity  of,  50 

roots,  81                                          ^H 

vasomotor  supply  of,  626 

epinal  accessory,  nudms  of,  tNA   ^H 
third  crania),  nucleus  of,  241         ^H 

voluntary  contractions  of,  45 
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Nerve,  trigeminal,  nucleus  of,  244 

twelfth  cranial,  nucleus  of,  245 

vagus,  nucleus  of,  245 
Nerve-cell,  chromatolysis  of,  127 

classification  of,  in  spinal  cord,  160 

degenerative  changes  in,  126 

general  physiology  of,  134 

internal  structure  of,  133 

metabolism  in,  137 

neuron  doctrine,  128 

reaction  of,  135 

refractory  period  of,  138 

summation  of  stimuli  in,  137 

varieties  of,  130 
Nerve-fibers,  action  current  of,  101 

afferent  and  efferent,  78 

anodal  and  cathodal  stimulation  of, 
86 

antidromic  impulses  in,  81 

artificial  stimuli  of,  83 

autoregcncration  of,  126 

chemistry  of,  76 

classification  of,  79 

core  model  of,  107 

degeneration  and  regeneration  of, 
124 

demarcation  current  of,  94 

direction  of  conduction,  113 

du   Bois-Reymond's  law  of  stimu- 
lation, 85 

electrical  stimulation  of,  in  man,  92 

electrotonic  currents  of,  106 

electrotonus  of,  86 

impulse  in,  historical,  109 

independent  irritability  of^  83 

metabolism  in,  during  activity,  118 

myelin  sheath  of,  75 

nutritive   relations   to   nerve-cells, 
122 

openins  and  closing  tetanus  of,  89 

Pfliigers  law  of  stimulation  of,  91 

stimulation  of,  in  man,  89 

structure  of,  74 

unipolar  method  of  stimulating,  90 
Nerve-impulse,  historical,  109 

metabolism  during,  118 

modification  of,  by  various  influ- 
ences, 115 

qualitative  changes  in,  79,  121 

relation  of,  to  action  current,  104, 
113 

theories  of,  119 

velocity  of,  110 
Nervi  erigentes,  251,  607,  626 
Nervous  secretion,  gastric,  763 

pancreatic,  777 
Neurogenic  theory  of  heart-beat,  556 

tonus,  56 
Neuron  doctrine,  128 
Neurons,  varieties  of,  130 
Nicotin,  action  of,  on  salivary  secre- 
tion, 748 


Nicotin.  action  on  sweat  secretion,  846 

use  ol,  in  tracing  autonomic  fibers, 
248 
Night-blindness,  hemeralopia,  354 
Ninth  cranial  aerve,  nucleus  of,  245 
Nissl's  granules,  133 
Nitric  oxid  hemoglobin,  421 
Nitrogen,  condition  of,  in  blood,  666 

determination  of,  874 

equilibrium,  873 
effect  of  non-protein  food  on,  876 

excretion  in  urine^  827 
Nitrogenous  extractives  of  muscle,  63 
Nodal  point  of  eye,  306 
Non-polarizable  electrodes,  99 
Normoblasts,  431 
Nuclease.  736,  833 
Nucleo-albumin  in  bile,  802 
Nucleon,  63 
Nucleoproteins,  994 

in  blood.  444 

intermeoiary  metabolism  of,  832 


Obesity,  physiological  cause  of,  899 
Ohm's  law  of  composition  of  sound 

waves,  391 
Olfaction,  end-organ  for,  293 

mechanism  of,  294 
Olfactometer,  298 
Olfactory  associations,  299 
bulb,  histological  structure  of,  213 
center  in  cortex,  212 
nerve,  course  of  fibers  of,  in  brain, 

214 
organs,  fatigue  of,  297 
sensations,  classification  of,  295 
conflict  of,  299 
Qualities  of,  295 
threshold  stimulus,  297 
sense  cells,  294 
stimuli,  nature  of,  295 
Oncometer,  824 
Ophthalmometer,  328 
Ophthalmoscope,  325 
Opotherapy,  849 
Opsonins,  436 

Optic  chiasma,  decussation  in,  205 
nerve,  course  of  fibers  of,  in  brain, 

204 
radiation,  205 
thalamus,   functions  of,  in  vision, 

208 
tracts,  structure  of,  205 
Optical  deceptions,  376 
Optograms  on  retina,  333 
Orthodiagram,  535 
Orthodiagraph,  535 
Osmosis,  definition  of,  995 
Osmotic  preasurc,  definition  of,  996 
determination  of,  998 
of  blood,  414 


condition  of,  in  blood,  666 

effects  of  varying  pressures  of,  on 

respiration,  694 
tension  of,  in  alveolar  air,  670 
in  tissues,  672 
in  venous  blood,  670 
Oxygenase,  941 
Oxyhemoglobin,  420 
Oxyprolin,  988 
Oxyproteic  acid,  828 
Oxypurins,  833 


Pacchionian  bodies  of  brain,  617 
Pain    sense,    distribution    and    char- 
acteristics of,  280 
localization  of,  280 
path  for,  in  cord,  172 
Pale  fibers  of  muscle,  19,  26 
Pancreas,  action  of  lipase  in,  782 

anatomy  of,  773 

curve  of  secretion  of,  775 

digestive  action  of  secretion,  778 
on  carbohydrates,  7^2 

internal  secretion  of,  869 

normal  mechanism  of  secretion,  776  i 

secretory  nerves  of,  774  I 

Pancreatic  secretion,  chemical,  777      | 

ner\'ous,  777 
Paraglobulin,  442  | 

Paralysis  (motor),  194 
Paralytic  secretion  (saliva),  749 
Parapeptone,  766  ' 

Paraphasia,  216  i 

Parathvroid,   structure  and  function  ' 

of,  850,  851  i 

Parthenogenesis,  958,  981  , 

Parturition,  physiology  of,  962  I 

Pendular  movements  (intestine),  713 

sound  waves,  389 


Phenylalanin,  780,  988 
Phloridzin  diabetes,  892 
Phosphatids,  77 
Phosphocamic  acid,  63 
Phosphoproteins,  995 
Phrenology,  189 
Phrenosin,  78 

Physical  heat,  regulation,  93 
Physiological  diplopia,  367 

oxidations,  theones  of,  9J 
Lavoisier^s  work,  631, 

point  (vision),  338 

saline,  415 
Physostigmin,  action  of,  on 
Pilocarpin,  action  of,  on  hei 
on  iris,  322 

on  salivary  glands,  24£ 
on  sweat  glands,  847 
Pineal  body,  866 
Piqiure,  890 
Pituitary  body,  structure 

tions  of,  862 
Placenta,  functions  of,  959 
Plain  muscle,  55 
Plasma  of  blood,  compositi< 
Plethysmography,  594 
Pneumogastric  nerve.     See 
Pneumograph,  641 
Pneumothorax,  651 
Poikilothermous  animals,  9 
Polar  bodies  of  ovum,  955 
Polypeptid,  781.  989 
Positive  electrical  variatioi 

580 
Posterior  funiculi,  descend 
of,  175,  178 
tracts  of,  167 

root,  cells  of,  origin  of,  K 
ganglia,  t3rpe  of  cells  ic 
termination  in  cord,  1( 
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Preganglionic  nerve-fibers,  247 
Pregnancy,  changes  in,  961 
Prepyramidal  tracts,  178 
Presbyopia,  310,  315. 
Press-juice,  733 
Pressor  nerve-fibers,  601 
Pressure  of  gases  in  solution,  664 

sense,  deep,  273 
distribution  of,  277 
localizing  power,  etc.,  277 
Primary  proteoses,  766 
Principal  axis  of  lens,  301 

focal  distance,  301 
Projection  system  of  fibers   (brain), 

182 
Prolamines,  993 
Prolin,  780,  988 
Propeptone,  766 
Prostate  gland,  969,  972,  973 
Protalbumoses,  766 
Protamins,  970,  993 
Protanopia,  349 
Proteases,  733 

Proteins,  absorption  of,  in  intestine, 
790 

adequate,  883 

as  glycogen  formers,  808 

classification  of,  992 

definition  and  structure  of,  988 

diffusion  of.  1000 

excretion  of  nitrogen  of,  827,  828 

general  reactions  of,  990 

in  blood-plasma,  441 

inadequate,  883 

necessary  amount  of,  in  diet,  880, 
918,  919 

normal  metabolism  in  body,  877 

nutritive  value  of,  883 

of  muscle,  60 

osmotic  pressure  of,  999 

putrefaction  of,  in  large  intestine, 
793 

specific  dynamic  action  of,  885 

synthesis  of,  in  body,  790 
Proteolytic  enzymes,  733 
Proteoses,  995 

general  properties  of,  766 
Protopathic  sensations,  273 

sensibility,  272 
Proximate  principles  of  food,  725 
Psychophysical  law,  269 
Ptyalin,  741 

action  of,  in  stomach,  712,  752 

digestive  action  of,  751 

effect  of  various  conditions  upon, 
752 
Pubertal  gland,  868,  967 
Puberty,  947,  967 

Pulmonary   arteries,    vasomotors   of, 
613 

circulation,  peculiarities  of,  509 
variations  of,  pressure  in,  510 


Pulse,  anacrotic  waves  of,  517 

catacrotic  waves  of,  516 

form  of  wave,  515 

general  statement,  511 

varieties  of  in  health  and  disease, 
518 

velocity  of  propagation  of,  512 

venous,  519 
Pulse-pressure,  483 
Pulsus  irregularis  perpetuus,  553 
Purin  bases,  64,  832 
Purkinje,  images  of,  308 

phenomenon,  343 
Putrefaction  in  intestines,  793 
Pyloric  glands  of  stomach,  754 

secretion  of,  764 
Pyramidal  tract  in  brain,  193 

in  spinal  cord,  176 
Pyrrol  compounds  in  protein  mole- 
cule, 780 
Pyrrolidin-carboxylic  acid,  780,  988 


Quadrant  hemianopia,  207 
Quotient,  respiratory,  697 


Reaction  of  degeneration,  92 

time.  111 
Reactions,  biological,  416 
for  proteins,  990 
Gmelin's,  798 
of  blood,  409 

of  contents  of  small  intestine,  792 
of  urine,  826 
Pettenkofer's,  799 
Recessive   characteristics  in   inherit- 
ance, 977 
Reciprocal  innervation.  147 
Recurrent  sensibility  oi  anterior  roots, 

81 
Red  blood-corpuscles,  chemical  com- 
position of,  440 
condition  of  hemoglobin  in,  412 
effect  of  hemorrhage  upon,  430 
hemolysis  of,  413 
influence  of  spleen  upon,  430 
number  and  size  of,  412 
orii^in  and  fate  of,  429 
variations  in  number  of,  431 
fibers  in  muscles,  19,  26 
Reduced  hemoglobin,  420 

schematic  eye,  304 
Reflex  actions,  axon  reflexes,  150 
classification  of,  141 
definition  and  historical,  139 
from  parts  of  brain,  148 
influence  of  condition  of  cord  on, 
148 
of  sensory  endings  upon,  144 
inhibition  of,  146 
of  heart,  576 
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Reflex  actions,  knee-jerk,  153 

of  erection  and  ejaculation,  972 
of  respiratory  contcT,  t>77,  (isi 
of  vasomotor  nervea,  601 
preparation  of  reiiex  frog,  141 
reflex  urc,  139 
respiratory,    from    nose,    larynx, 

and  phar>^nx,  682 
spec'iiil  iinti  deep  reflexes  of  cord, 

15S 
spinal  reflexes,  141 
thwry  of,  143 
through  peripheral  ganglia ,  149 

vascwlilator  nen^^,  608 
time  of,  145 

Tiircka     method     of     studying, 
148 
Reflexes,  deep,  1.5S 
exteiii^or  tlirtiMt,  156 
gp<«eial  H} final,  158 
spinal,  141 
Refractive  power  of  eye,  311 
Refractory  |M!riod  of  heart-beat,  565 
of  nervc-r-ell,  138 
of  nervc^fiber,  118 
Regeneration  in  nerve- fibers,  124 
Rt'inforrernent  of  knee-kick,  15.3 
Reproduction,   changes   dtirinR   preg- 
nancy, 961 
in  uterus  in  menstruation,  948 
chemistry  of  spermatozoa*  970 
determination  of  sex,  979 
erection,  971 

fertiliialion  of  ovnm»  956 
functions  of  placenta,  959 
gi-neral  jitatements^,  944 
growth  and  senescence,  982 
heredity,  974 

implantation  of  ovum^  958 
mammary  glands,  962 
menstruation,  947 
nutrition  of  embryo,  959 
ovulation,  945 
parturilion,  962 
properties  of  sj>ermatozoa,  968 
relatif>n    of    o varies    to    menstrua- 
tion, 949 
structure  and   functions  of  corpus 
luteiim,  945 
of  Oaafian  follJck*s,  945 
Residual  air,  644 
Resonance,   importance   of,   in   func* 

tions  of  ear,  392 
Respiration,  abdominal  type,  640 
acapnia,  690,  696 

accessory  centers  of,  in  the  brain, 
684 
respiratory  movements,  041 
anatomy  of  thorax,  634 
apnea J  688 
artificial,  645,  654 
a?4phyxia,  689 


Respiration,  aspiratorj^  actuMi  Q£t| 

bltMiHl-flow,  tiol 
automatic    action    ol 

center,  676 
bronchoconstrictor    and 

dilator  fibers,  691 
calorimeter,  931 
capacity  of  the  bronchi,  < 
chamber,  875 
chemical    composition 

and  cjtpirH  air,  t>55 
Chc>Tie-vStokes  iype  of, 
comp!emental  air,  644 
conrlition  of  carbon  dioxid  in  I 

668 
costal,  540 
definition  of  inspiratioo  and  < 

t!On,  635 
dissociation  of  oxyhcmoglobtii, 
dyspnea,  639,  68S 
effect  of  anemia  upon,  700 

of  changes  in  barometric  presme 
upon,  695 
in  composition  of  air,  (KH 

of  mudcutar  work  upt»n,  6B3 
exchange  of  gases  in,  655 
forcetl,  639 

gaseous  exchange  in  lungs^  670  | 
gases  of  blood,  659 
hiistory  of,  6:i0 
hyperpnea,  688 
increased  heart-rate  during  i 

tion,  566 
injurious  effect  of  expired  air, 
intrapulmonie  pressure,  647 
intrathoracic  pretisure,  648 
mi*chanism  of  inspiration,  636 
methtxis  of  rt^oraing,  641 
minimal  air,  644 
modified,    rcspiratorv   movK 

699 
mountain  sickne5r»,  695 
muscles  of  expiration,  < 

of  ia«?pinition,  <Kii^ 
negative  pressure  in  thormx,  i 
normal  slimulu*  of,  684 

ventilation  of  alv<*olif  515 
of  swallowing,  703 
origin     of     negative     presnire    •* 

thorax,  650 
physical  theory  of,  669 
physiological  anatomy  oC  orgtm^L 

t334 
pneuiiiothorax,  651 
reflex    stimulation    cif 

center,  t^77 
relation  of  vagus  nerve  I 
residual  air,  644 
respiratory  center,  674 

quotient,  697 

wa\'€«  of  b1ood-prt«BtiiT*«  < 
secretion  of  mwn  m  J ' 
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Respiration,  spinal  respiratory  centers, 
675 
supplemental  air,  644 
tension   of  gases    in  alveolar  air, 
671 
in  arterial  blood,  671 
in  tissues,  672 
in  venous  blood,  671 
tidal  air,  644 
value  of  nitrogen  in,  666 
ventilation,  principles  of,  656 
vital  capacity,  643 
volumes  of  air  respired,  642 
voluntary  control  of,  682 
Respiratory  center,  674,  683 
automatic  activity  of,  676 
normal  stimulus  of,  684 
reflex  stimulation  of,  686 
movements,  electrical  changes  in, 

681 
quotient.  697 

waves  ot  blood-pressure,  652 
Restiform  body,  231 
Retina,  action  current  of,  331 
acuity  of  vision  in,  337 
after-images  from,  346 
color-blindness  of,  348 
contrasts  in,  347 
vision  in,  343 
corresponding  points  of,  366 
distribution  of  color  sense  in,  351 
entoptic  phenomena,  360 
function  of  rods  and  cones  of,  352 
fundamental    and    complementary 

colors,  345 
light  adapted  and  dark  adapted,  340 
portion  of,  stimulated  by  light,  330 
projection  of,  on  occipital  lobes,  206 
qualities  of  visual  sensations  from, 

343 
size  of  fovea  in,  337 
theories  of  color  vision  in,  354 
threshold  stimulus  of,  339 
visual  purple  of,  332 
Retinoscope,  327 

Reversible  chemical  reactions,  730 
Rheoscopic  frog  preparation,  103 
Rhodopsin,  332 

Ribs,  action  of,  in  inspiration,  637 
Rice,  relation  to  beri-oeri,  885 
Rigor,  calcium,  55 
of  muscle,  52,  68 
water,  55 
Ringer's  solution,  561 
Ritter's  tetanus,  89 
Rivinus,  ducts  of,  738 
Rods  and  cones  of  eye,  functions  of, 

352 
Romberg's  symptom,  235 
Rubner's  laws  of  growth,  985 

sm^ace  area  law,  932 
Rubrospinal  tract,  178,  195 


Sacculus,  functions  of,  406 
Saliva,  chorda,  743 
composition  of,  741 
digestive  action  of,  751 
general  functions  of,  753 
secretory  nerves  for,  742 
sympathetic,  743 
Sahvary  glands,  action  of  drugs  upon, 
748 
anatomical  relations,  738 
histological   changes   during  ac- 
tivity, 746 
structure  of,  738 
normal  stimulation  of,  750 
secretory  centers  for,  750 
nerve-fibers  of,  742 
theory  of  secretory  nerves.  744 
Salts,  absorption  of,  in  stomacn,  771 
excretion  of,  838,  902 
general  nutritive  importance  of,  902 
Sarcolactic  acid,  63 
Sarcostyles,  19 

Sebaceous  glands,  secretion  of,  847 
Secondary  axes  of  a  lens,  302 
degeneration,  nerve-fibers,  123,  163 
proteoses,  766 
cretin,  gastric,  762 
Sepancreatic,  777 
Secretion,  738 
internal,  849 
paralytic  (saliva),  749 
of  bile,  802 
of  gastric  juice^  760 
of  intestinal  jmce,  784 
of  pancreatic  juice,  774 
of  saliva,  742 
of  sebaceous  glands,  847 
of  sweat,  844 
of  urine,  817 
Secretogogues  of  gastric  glands,  761 
Secretory  nerves  of  salivary  glands, 

742 
Semicircular   canals,    direct   stimula- 
tion of,  401 
Fluorens'  experiments  upon,  399 
structure  of,  398 
temporary  and  permanent  effects 

of  operations  on,  400 
theories  of  functions  of,  402 
Seminal  vesicles,  function  of,  969 
Senescence,  982 
Senses,  classification  of,  265 

cutaneous  and  internal,  272 
Sensibility,  muscular,  281 
of  glans  penis,  273 
protopatnic  and  epicritic,  272 
Sensory  aphasia,  217 
areas  of  cortex,  198 
paths  in  spinal  cord,  167,  170 
Sequence  of  heart-beat,  566 
Serin,  988 
Serum,  action  of  foreign,  415 


^M                    ^^^^m     INDEX,          ^^^^^^^H 

^^H                Serum-ulbumiii,  441 

Spinal  cord,  Helweg's  bundlr  ta,  ^T^M 

^B                Serum-globuliii,  442,  993 

homolateral     and     contittktdl^B 

^^H                Sevt^nth  cranial  ntTvc,  nuclf uj*  of,  244 

conduction  ia,  f74               ^H 

^^m                Sc^x,  dfi termination  of,  979 

less  well-knoi^Ti  tracts  of,  177  ^H 

^^B                 Sexual  infunlili.siii,  S65 

Monakow's  bundle  in,  177       ^| 

^^H                 Side-pressure  in  blo&J- vessels,  5t)l 

paths  in,  for  cut^uieous  irapulKi, 

^^1                Sinoauriciilnr  node,  52S 

172 

^^H                Sinospiral  fibers  of  heart,  526 

pyramidal  tracts  of,  175          ^H 

^^H                 Sixth  crnnial  nerve,  nneleui?  of,  244 

reflex  aetix'ities  of,  139             ^H 

^^H               SkatoxylHulphuric  acid,  cS37 

tunic  acti^^ty  of,  151             ^J^M 

^^B                Skeletal    mut^eular    tissue,    structure 

tracts  of,  in  lateral  funiculi,  l^*^! 

^B 

in  posterior  funiculi,  »t^7      j^l 

^^m               Skia^eofje,  327 

in  white  matter,  163            ^H 

^^H                Skin,  excretorv  functions  of,  843 
^^H                    sweat  kIai^os  of,  S44 

vestibulospinal  tract,  17«i,  231<^B 

reflex  movemeoU,  141                 ^B 

^^E               Sleep,  changes  in  circulation  durmg, 

reflexes,  141                             ^^^B 

^^^ 

mammals,  144               ^^^H 

^^^^^H            cmrvea  of  intensity  of,  255 

respiratory  center,  675         ^^^H 

^^^^H            effect  of  sensor\'  ^tiniulation  during, 

Spirometer,  643                          ^^^H 

^^^H 

SpleeiL  physiology  of,  SI 3   ^J^^^| 

^^^^1            h>i>iiotic,  204 

Stannius,  first  ligature  of,  oBff^B^B 

^^^^H            metaboliiim  during,  913 

Stapedius  muscle,  fund  km  uf,  ^^^H 

^^^^^f            physioloj^cal  phenomena  of,  253 

Starvation,  efl'ect  of,  on  budy-mM^| 

^         •           theories  of,  260 

olism,  914                             '  ^^B 

^^1                SmaU  intestine,  absorption  in,  785 

St€a|)sin.     Sec  Lipase.             ^^^1 

^^H                 Smegma  pra'putii.  84S 

Sienson's  duct,  7*18                   ^^^H 

^^H                 Smell,  center  for,  in  brain,  212 

Stereognostic  perception,  200 ^^^^| 

^^H                     endn^^rgan  of,  293 

St  creiiscopic  \^sion,  372          ^^^^| 

^^H                 Smelling,  meehani>^m  of,  294 

Stethoscope,  542                        ^^^^| 

^^H                 Sodium  chlorid,  nutritive  value  of,  902 

Stimulants,  727                      ..^J^^H 

^^1                     salts,  effect  of,  on  heart -beat,  5tM) 

nutritive  importance  of,  ^^§^^H 
Stimuli,  artificial,  of  mu^lr,  ^^^^H 

^^B                 Somatoplasm,  definition  of,  984 

^^H                 Sound,  sensations  of.     See  Ear. 

of  nerve,  83                               ^^M 

^^H                     waves,  nature  and  action  of,  388 

Stokes-Adams  s>^Qdrome,  568        ^H 

^^H                          overtones  of,  391 

Stokes'  reducing  agent,  426           ^H 

^^H                         simple  and  coni pound,  389 

Stomach,  absori^tion  in,  770         ^^M 

^^H                 Specific  enerjiry  of  taste  sensations,  291 

anatomy  of,  706                   ^^^^H 

^^H                      gravity  of  bli>od,  411 

atitomntieity  of,  712           ^^^^M 

^^H                     nerve  energies,  doctrine  of,  121,  267 

digestion  in,  769                   ^^^^| 

^^H                             of  cutaneous  nerves,  275 

glands  of,  754                               ^^t 

^^B                 iSpertm,  absor{>tion,  blood,  423 

histological     changis     in,     dai^| 

^^H                 Si>eetroscope,  424 

activity,  755                              ^H 

^^H                 Sj>ermatozoa,  cheitustry  of,  970 

means  of  obtaining  sperptiofifif,BB 

^^H                     mattiration  of,  968 

^^H                     propertii'w  of,  968 

movements  of,  70S 

^^H                 Spermin,  867 

musculature  of,  708 

^^H                 Spherical  aberration  in  eye,  313 

properties  of  pepsin  of,  763 

^^H                 Sphincter,  cardiac,  705 

secret  or\'  ner\'c^  of,  760        ^^^^J 

^^H                     external,  of  anus,  720 

Strabismus,  364                         ^^H 

^^B                      ileocecal,  718 

String  galvanometer,  9S          ^^^H 

^^m                    internal,  of  anus,  720 

Stronnihr,  473                                 ^H 

^^B                     of  bile-duct,  805 

Subliminal  stimulus,  340                ^H 

^H                   of  bladde-,  840 

Submaxillary  ganglion,  738           ^H 

^^B                Sphygniography,  514 

Substrata,  732                                 ^B 

^^"^                 Sphypnomanometers  for  determining 

Succus  enteric  us,  784                      ^H 

P                            blood -preswii re*  in  tnan,  4W 

Sugar  puncture,  890                        ^B 
regulation  of  supply  of,  in  bodb^tH^ 

r                         Spinal  cord  as  path  of  conduction,  160 

cljLHHificarion  of  tracts  in,  163 

Sugars.     See  CarlKthydraiaL 

effect  of  removing,  152 

Sulphur,  forms  in  which  eapcw«d,  8I< 

general    relations    of    gray    and 

Summation  of  muaculax  ooliUctkWi 

while  matter  in,  162       ^             , 

42                                                 

groups  of  cells  in,  HiO 

of  fftimuli  if]  nerveHscsRlen,  IIT^H 
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Superior  olivary  body,  relation  of,  to 

auditory  paths,  211 
Supplemental  air,  644 
Surface  area  law,  932 
Swallowing,  701 

respiration,  703 
Sweat,  amount  and  composition  of, 
844 
nerve-centers  for,  847 
nerves,  action  of,  in  heat  regula- 
tion, 933  I 
secretory  fibers  of,  845 
Sympathetic  nervous  system,  general  \ 
relations,  246                                    i 
resonance,  392                                      I 
Syntonin,  766                                           i 
Systole,  duration  of,  in  heart,  547        I 
Systolic  arterial  pressure,  4S3                i 
determination  of,   in  animals,  ' 
485                                         I 
in  man,  490 
plateau  of  ventricular  contraction, 
538 


Tabes  dorsalLs,  169 

Tactile  discrimination,  173,  280 

localization,  280 
Taste  buds,  290 

center  for,  in  brain,  214 
nerves  of,  288 

sensations,  classification  of,  290 
specific  energy  of,  291 
threshold  stimulus,  293 
sense  of,  288 

stimuli,  mode  of  action,  292 
Taurin,  800 
Taurochoiic  acid,  800 
Tectorial  membrane,  394 
Temperature.     8ec  Heat. 
coefficient,  114 

effect  of,  on  body  metabolism,  913 
on  gases  in  solution,  66^:$ 
on  heart -rate,  590 
on  muscular  contraction,  29 
of  human  body,  926 
sense,   distribution   and   character- 
istics, 274,  276 
path  for,  in  spinal  cord,  172 
punctiform  distribution  of,  274 
Tension  of  gases  in  solution,  664 
Tensor  tympani  muscle,  functitm  of, 

384 
Tenth  cranial  nerve,  nucleus  of,  245 
Testis,  internal  secretion  of,  866 
Tetanus,  number  of  stimuli  necessarv 
for,  44 
of  muscle,  41 
opening  and  closing,  89 
Theobromin,  833,  906 
Third  cranial  nerve,  nucleus  of,  241 
heart  sound,  545 


Thirst,  sense  of,  286 
Thorax  as  closed  cavity,  634 

aspiratory  action  of,  651 

normal  position  of,  6^35 

origin  of  negative  pressure  in,  650 
Thrombin,  447 
Thrombogen,  448 
Thrombokinase,  452 
Thromboplastic  substances,  451 
Thrombosis,  446 
Thyroid,  extirpation  of,  851 

function  of,  853 

internal  secretion  of,  850 
Tidal  air,  644 

Tigroid  substance  in  nerve-cells,  133 
Tissue  protein,  878 
Tissues,  exchanges  of  gases  in,  672 
Tone  (musical)  of  muscular  contrac- 
tion, 44 
Tonicity  of  heart  muscle,  569 

of  muscle,  50 

of  nerve-centers,  151 
Tonus,  myogenic,  57 

neurogenic,  56 
Touch  sense,  path  of-  in  cord,  172 
Tracts  in  cerebellum,  231 

in  spinal  cord,  163 

of  Flechsig,  165 

of  Gowers,  165 

of  Helweg  (olivospinal),  179 

of  Monakow  (rubrospinal),  178,195 
Traube-Hering  waves,  606 
Treppe  on  muscular  contractions,  35 
Trigeminal   nerve,    area   of   distribu- 
tion of,  243 
nucleus  of,  244 
Tritanopia,  349 
Trophic  ner\^e-fiber8,  salivarv  glands, 

744 
Trypsin,  733,  778 
Tryptophan,  780 

Tiirck's  method  for  reflex  time,  148 
Twelfth    cranial    nerve,   nucleus    of, 

245 
Tvmpanic  membrane,  380 
TjTosin,  780,  988 


Unipolar  method  of  stimulation,  90 
Unitarian   theory    (blood-corpuscles), 

434 
Urea,  formation  of,  in  liver,  812 

origin  and  significance  of,  829,  883 
Ureters,  contractions  of,  839 
Urethra,  sphincter  of,  840 
Uric  acid,  64,  832 
in  spleen,  815 
significance  of,  832 
T'ricolytic  enzyme,  834 
Urinary  bladder,  movements  of,  840 
nerves  of,  842 
pigments,  827 
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Urination,    physiological    mechanism 

of,  839 
Urine,  composition  of,  826 

nitrogenous  excreta  of,  827 

origin  of  acidity  of,  822,  826 

reaction  of,  826 

secretion  of,  817 
pressure  of,  821 
Uterus,  changes  of,  during  menstrua- 
tion, 048 

effect  of,  on  mammary  glands,  063 
Utriculus,  function  of,  406 


Vagus  nerve,  action  of,  on  gastric 
secretion,  760 
on  heart,   571.     See  also  In- 

hibition. 
on  p)ancreas,  774 

as  motor  nerve  to  stomach,  712 

nucleus  of,  245 

relations  of,  to  respiratory  cen- 
ter, 678 
Valin,  779,  088 

Vasomotor  fibers,  centers  for,  in  cord, 
605 

in  brain,  624 

to  pulmonary  arteries,  613 
nerves,  action  of,  in  heat  regular 
tion,  034 

antidromic  impulses  in,  600 

course  and  distribution,  506,  606 

general  properties  of  dilators,  607 

history  of  discovery  of,  502 

methods  used  to  demonstrate,  593 

of  heart,  612 

position  of  constrictor  center,  599 

reflex  actions  of,  601 

rhythmical  action  of  constrictor 
center,  605 

to  abdominal  organs,  625 

to  dilator  center  and  reflexes,  608 

to  genital  organs,  626 

to  head,  624 

to  kidneys,  824 

to  skeletal  muscles,  626 

to  tnmk  and  limbs,  625 

to  veins,  627 

tonic  activity  of,  599 


VeinSj  vasomotor  supply  of,  627 
Velocity  of  blood-flow.    See  CimJo- 
tion, 

pressure  in  blood-vessels,  502 
Venous  blood-pressures,  497 

cistern,  508 

pulse.  510 

in  brain  sinuses,  620 
Ventilation,  principles  of,  656 
Ventricle.     See  Heart. 
Veratrin,  effect  of,  on  muscle,  31 
Vemix  caseosa,  848 
Vestibular  nerve,  210 
Vestibulospinal  tract  of  spinal  cord, 

170,  231 
Vision.     See  Eye  and  Retina. 
Visual  acuity,  337 

center  in  cortex,  203 

field,  binocular,  366 
monocular^  336 

fieldsj    confhct    of,    in    binocubr 
vision,  369 

purple,  332 
Vital  capacity,  643 
Vitamine,  885 
Volume  curve  of  heart,  539 
Voluntary  muscular  contractions,  45 
Vomiting,  722 

Wallerian  degeneration,  123,  163 
Warm  spots  of  skin,  274 
Water,  absorption  of,  in  stomach,  nl 
excretion  of,  838 
rigor,  55 
I  Weber-Fechner  law,  269 
Wharton's  duct,  738 
Wirsung,  duct  of,  773 
'  Work  done  by  contracting  muscle,  4<) 


Xanthin,  64,  832 

oxidase,  834 
Xanthoproteic  reaction  for  proteins. 
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Zymogen,  735 

granules,  747 
Zymoids,  732 
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W.  B.  SAUNDERS  COMPANY 

WEST  WASHINGTON  SQUARE  PHILADELPHIA 

9.  HENRIETTA  STREET        COVENT  GARDEN,  LONDON 


THE  SUPERIORITY  OP  SAUNDERS*  TEXT-BOOK 

In  a  series  of  articles  entitled 

"WHAT  ARE  THE  BEST  MEDICAL  TEXT-BOOKSr 

a  well  known  medical  journal  compiled  a  tabulation  of  the 
text-books  recommended  in  those  schools  which  are  members 
of  the  American  Association  of  Medical  Colleges.  The  text- 
books were  divided  into  twenty  (20)  subjects  and  under  each 
subject  was  given  a  list  of  the  various  books  with  the  number 
of  times  each  book  is  recommended.  Saunders'  books  head 
ten  (10)  of  the  twenty  (20)  subjects,  the  largest  number  head- 
ed by  any  other  publisher  being  three  (3).  In  other  words, 
Saunders*  books  lead  in  as  many  subjects  as  die  books  of  all  the  other 
publishers  combined. 

A  Complete  Catalogue  of  Our  Pubttcalioiii  i^l  be  Sent  upon  requetft 


Church  and  Peterson's" 
Nervous  and  Mental  Diseases 

Nervous  and  Mental  Diseases*  By  Archibald  CHimcH,  m^ 
Professor  of  Nervous  and  Mental  Diseases  and  Medical  Jurisprudence 
Northwestern  University  Medical  School,  Chicago;  and  FfcEDfidBl 
Peterson,  M.D.,  President  New  York  State  Commission  on  Luoacf; 
Professor  of  Psychiatry  at  the  College  of  Physicians  and  SurgeoM^ 
N.  Y.  Handsome  octavo,  934  pages;  341  illustrations.  Cloth^ljX 
net ;  Half  Morocco^  ^6.50  net 


THE  NEW  (Till)  COmON 


[o^JiM 


r 


For  this  new  seventh  edition  the  entire  work  has  been  mast  thorouglily  r* 
vised-  To  show  with  what  thoroughness  the  authors  have  revised  their  wofk,  »« 
point  out  that  in  the  nervous  section  alone  over  one  hundred  and  Efty  interpoki* 
tions  have  been  made,  and,  in  addition,  well  over  three  hundred  minor  cotwu 
tions.  The  chapters  on  Meningitis,  Aphasia.  Poliomyelitis,  Fellagrap  and  Pituitary 
Diseases  have  been  practically  rewritten,  A  chapter  on  Oppcnheim's  Coogoud 
Amyatonia  has  been  introduced.  The  section  00  Mental  Diseases  has  ta^ 
wholly  rearran]^ed  to  conform  to  the  latest  classiHcayon.  some  obsolete  ottBi 
struck  out,  and  much  new  matter  added.  A  number  of  chapters  have  beei  10 
written.  This  seventh  edition  embodies  every  substantial  advance  in  the  < 
of  nervous  and  mental  diseases. 


OPINIONS  OF  THE   MEDICAL  PRESS 


AjnericAii  Jmun&t  of  tfi«  Medic&l  Soencei 

"  This  edition  has  been  revised,  new  illustrations  added,  and  some  new  mftner. 
is  two  books.  .  .  .  The  descriptions  of  disease  are  clear,  direGttons  as  to  Irc&ttneal  i 
and  disputed  matters  and  theories  are  omitted.     Altogether  it  is  a  most  use^  lext*bool.** 

Joumat  of  Nervoui  and  Mentnl  Dlteaiet 

"The  best  text-book  exfKisition  of  this  subject  of  our  day  for  the  busy  pnctitioMr.  i 
The  chapter  on  idiocy  and  imbecility  is  undoubtedly  the  best  thai  has  been  ^vea  ailBV^ 
work  of  recent  date  upon  mentni  diseases.     The  photographic  iHostrAtioiiia  of  Ihia  pait«ID| 

Peterson's  work  leave  nothing  to  be  desired." 

New  York  MedictJ  JoimiaJ 

"To  be  clear,  brief,  and  thorough,  and  at  the  same  time  authoritaliiw, 
enaure  popularity.     The  medical  student  and  practjtioiier  wilt  find  in  thia  vxAvmt  a 

reliable  resource/' 


MENTAL  DISEASES  AND  HYGIENE, 


Briirs  Psychanalysis 

THE  PRACTICAL  APPUCATION  OF  ALL  FRCUD'S  THEORIES 

Psychanalysis :  Its  Theories  and  Practical  Application.  By  A.  A. 
Brill,  Ph.  B.,  M.  D.,  Clinical  Assistant  in  Psychiatry  and  Neurology 
at  Columbia  University  Medical  School.     Octavo  of  337  pages. 

Cloth,  1^3.00  net. 
JUST  READY 

To  the  general  practitioner,  who  first  sees  these  •*  borderline  **  cases  (the 
neuroses  and  the  psychoses),  as  well  as  to  those  specially  interested  in  neurologic 
work,  Dr.  Brill's  work  will  prove  most  valuable.  Dr.  Brill  has  had  wide  clinical 
experience,  both  in  America  and  in  Europe.  The  results  of  this  experience  you 
get  in  this  book.  Here  you  get  the  practical  application  of  all  Freud*  s  theories — 
and  from  the  pen  of  a  man  thoroughly  competent  to  write. 

Unlike  other  forms  of  psychotherapy,  psychanalysis  deals  with  the  neuroses 
as  entities.  It  does  not  treat  them  as  symptoms,  as  do  hypnotism,  suggestion, 
and  persuasion.  Such  treatment  is  similar  to  treating  the  cough  or  fever  regard- 
less of  the  causal  disease.  Psychanalysis  concerns  itself  with  the  individual  as  a 
personality.  It  enters  into  the  deepest  recesses  of  the  mind.  It  gives  you  a  real 
insight  into  the  neuroses  and  the  psychoses.  It  is  for  this  reason  that  the  results 
of  psychanalysis  are  most  effective.     Dr.  Brill  gives  you  the  exact  technic. 

Bergey's  Hygiene 

The  Principles  of  Hys:iene:  A  Practical  Manual  for  Students, 
Physicians,  and  Health  Officers.  By  D.  H.  Bergey,  A.  M.,  M.  D., 
Assistant  Professor  of  Bacteriology  in  the  University  of  Pennsylvania. 
Octavo  volume  of  555  pages,  illustrated.     Cloth,  f  3.00  net. 

THE  NEW  (4th)  EDITION 

This  book  is  intended  to  meet  the  needs  of  students  of  medicine  in  the 
acquirement  of  a  knowledge  of  those  principles  upon  which  modem  hygienic 
practises  are  based,  and  to  aid  physicians  and  health  officers  in  familiarizing 
themselves  with  the  advances  made  in  hygiene  and  sanitation  in  recent  years. 
This  new  third  edition  has  been  very  carefully  revised,  and  much  new  matter 
added,  so  as  to  include  the  most  recent  advancements. 

Boifalo  Medical  Journal 

*'  It  will  be  found  of  value  to  the  practitioner  of  medicine  and  the  practical  sanitarian  ;  and 
students  of  architecture,  who  need  to  consider  problems  of  heating,  lighting,  ventilation,  water 
supply,  and  sewage  disposal,  may  consult  it  with  profit." 


SAUNDERS'  BOOKS   ON 


The  New  "Dorl&nd 


ff 


New  (6th)  edition.  Entirely  Reset 

The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  Veterinary  Science,  Nursing,  and  kindred 
branches;  with  over  lOO  new  and  elaborate  tables  and  many  hand- 
some illustrations.  By  W.  A.  Newman  Dorland,  M.  D.  Large 
octavo,  986  pages,  bound  in  full  flexible  leather,  $^$0  net;  with  thumb 
index,  ^5.00  net. 

Dorland' s  Dictionary  defines  hundreds  of  the  newest  terms  not  defined  in  any 
other  dictionary — ^bar  none.  It  gives  the  capitalization  and  pronunciation  of  all 
words.  It  makes  a  feature  of  the  derivation  or  etymology  of  the  words,  la 
"Dorland "  every  word  has  a  separate  paragraph,  thus  making  it  easy  to  findi 
word  quickly.  The  tables  of  arteries,  muscles,  nerves,  veins,  etc.,  are  of  the 
greatest  help  in  assembling  anatomic  £eicts.  In  "  Dorland  **  every  word  is  given 
its  definition — a  definition  that  defines  in  the  fewest  possible  words. 

Howard  A.  Kelly,  M.  D.,  Johns  Hopkins  University,  Baltimore. 

"  Dr.  Dorland's  dictionary  is  admirable.     It  is  so  well  gotten  up  and  of  such  conrenint 
sire.     No  errors  have  been  found  in  my  use  of  it." 


Goodnow's  First- Year  Nursing  Jvirm^t 

First- Year  Nursing:.  By  Minnie  Goodnow,  R.  N.,  formerly  Superintendent  of  ike 
Women's  Hospital,  Denver.      i2mo  of  328  pages,  illustrated.  Qoth,  |i.5oncL 

Miss  Goodnow's  work  deals  entirely  with  the  practical  side  of  first-year  nursing  work  It 
is  the  application  of  text-book  knowledge.  It  tells  the  nurse  how  to  do  those  things  sb*  > 
called  upon  to  do  in  her  first  year  in  the  training  school — the  actual  Vford  xoork. 

Roberts'  Bacteriolo^  and  Patholo^  for  Nurses       rJS 

Bacteriology  and  Patholos:y  for  Nurses.  By  Jay  G.  Roberts,  Ph.  G..  M  D 
Oskaloosa,  Iowa.      i2rao  of  206  pages,  illustrated.  Cloth,  I1.25  ocS 

This  new  work  is  practical  in  the  strictest  sense.  Written  specially  for  nurses.  !t  cs^.tT-r 
itself  to  information  that  the  nurse  should  know.  All  unessential  matter  is  exclude.!  V» 
Style  is  concise  and  to  the  point,  yet  clear  and  plain.     The  text  is  illustrated  ihronc^-.^ut 


DISEASES  OF  CHILDREN, 


KerrV  Diagnostics  qf 
Diseases  qf  Children 

Diagnostics  of  the  Diseases  of  Cliildren.  By  LeGrand  Kerr, 
M.  D.,  Professor  of  Diseases  of  Children,  Brooklyn  Postgraduate  Med- 
ical School,  Brooklyn.  Octavo  of  542  pages,  fully  illustrated.  Cloth, 
^5.00  net;  Half  Morocco,  ^^6.50  net. 

FOR  THE  PRACTITIONCR 

Dr.  Kerr's  work  differs  from  all  others  on  the  diagnosis  of  diseases  of  children 
in  that  the  objective  symptoms  are  particularly  emphasized.  The  constant  aim 
throughout  has  been  to  render  a  correct  diagnosis  as  early  in  the  course  of  the 
disease  as  possible,  and  for  this  reason  differential  diagnosis  is  presented  from 
the  very  earliest  symptoms.  The  many  original  illustrations  will  be  found 
helpful. 

New  York  State  Journal  of  Medicine 

"  The  illustrations  are  excellent  and  numerous.  It  will  meet  the  needs  of  the  great  mass 
of  physicians  who  treat  the  diseases  of  infancy  and  childhood." 

Kerley's  Treatment  qf 
Diseases  qf  Children 

Treatment  of  the  Diseases  of  Children.  By  Charles  Gilmore 
Kerley,  M.  D.,  Professor  of  Diseases  of  Children,  New  York  Polyclinic 
School  and  Hospital.  Octavo  of  628  pages,  illustrated  Cloth,  $^J0O 
net ;  Half  Morocco,  ^^6.50  net. 

THE  NEW  (ad)  EDITION 

This  work  has  been  prepared  for  the  physician  engaged  in  general  practice. 
The  author  presents  all  the  modem  methods  of  management  and  treatment  in 
greater  detail  than  any  other  work  on  the  subject  heretofore  published.  The 
methods  suggested  are  the  results  of  actual  personal  experience,  extending  over  a 
number  of  years  of  hospital  and  private  practice.  There  is  an  excellent  illus- 
trated chapter  on  Gymnastic  Therapeutics. 

The  Britbh  Medical  Journal 

"  Dr.  Kerley's  book  is  one  of  the  best  on  the  subject  that  has  come  under  our  notice.  All 
through  it  shows  evidence  of  ripe  experience  and  sound  judgment." 


SAirNDERS*  BOOi 


Sanders*  Nursing    ^ 

Vlethods  in  Nursing.     By  Georgi ana  J,  Sanders,  I^BS^ 


Modern  Methods  in  Nursing.  By  Georgi  ana  J,  Sanders,  (c 
Superintendent  of  Nurses  at  the  Massachusetts  General  Hospital 
of  881  pages,  with  227  illustrations.     Cloth,  $2,50  net 

THE  BEST  YET 


Miss  Sanders'  book  gives  only  modem  methods.  Then  it  gives  the 
nursing  operation  cases,  both  in  the  hospital  and  in  the  home*  The  thorough 
in  which  ward  work  is  taken  up  makes  her  book  indispensable  for  teachiDi; 
poses.  In  giving  directions  for  mustard  baths,  poultices,  etc.,  the 
given  exactly.     This  is  an  inaportant  point  often  overlooked- 


Stoney's  Nursing 

Practical  Points  in  Nursing.     By  Emily  A.  M.  Stonev.     I2d 
495  P^g^s,  illustrated.     Cloth,  S  1.75  net. 

*mm  NEW  (4th)  EDITION 

In  this  volume  the  author  explains  the  entire  range  of  pritmU  nursing  ti  ^ 
tingmshcd  from  hospital  Tiwx^\n%,  and  the  nurse  is  instructed  how  best  to  meet  lit 
various  emergencies  of  medical  and  surgical  cases  when  distant  from  medical  or 
surgical  aid  or  when  thrown  on  her  own  resources.  An  especially  valuable  feitme 
will  be  found  in  the  directions  how  to  improvise  everything  ordinarily  needed  is  tie 
sick-room. 


Stoney's  Technic  for  Nurses 

Bacteriology  and  Surgical  Technic  for  Nurses.     By  Emily    A.  M. 

Stonev,  formerly  Superintendent  at  Carney  Hospital.  South 
Revised   by   Frederic    R.  Griffith,  M.  D.,  Surgeon,  of  New 
i2mo,  31 1  pages,  illustrated.      Cloth,  $1.50  net 

THE    NEW    (3d)    EDITION 
Tnin«4  Niine  &nd  Hospital  Review 

*'  These  subjects  are  treated  most  accuratelf  &ad  up  to  date,  without  the  sun 
which  is  so  often  employed.  ,  .  .  Nurses  will  find  this  book  of  the  gT«fttest  ^t«}iic1 
tiieir  hospital  course  and  in  prirate  practice/' 


NURSING. 


Nursing  in  Diseases  of  the 
Eye,  Ear,  Nose,  and  Throat 

Nursing  in  Diseases  of  tlie  Eye,  Ear,  Nose,  and  Tliroat.     By  the 

Committee  on  Nurses  of  the  Manhattan  Eye,  Ear,  and  Throat  Hospital: 
J.  Edward  Giles,  M.  D.,  Surgeon  in  the  Eye  Department ;  Arthur  B. 
Duel,  M.  D.  (Chairman),  Surgeon  in  the  Ear  Department ;  Harmon 
Smith,  M.  D.,  Surgeon  in  the  Throat  Department  Assisted  by  John 
R.  Shannon,  M.  D.,  Assistant  Surgeon  in  the  Eye  Department ;  and 
John  R.  Page,  M.  D.,  Assistant  Surgeon  in  the  Ear  Department  With 
chapters  by  Herbert  B.  Wilcox,  M.  D.,  Attending  Physician  to  the 
Hospital;  and  Miss  Eugenia  D.  Ayers,  Superintendent  of  Nurses. 
i2mo  of  260  pages,  illustrated  Cloth,  lti.50  net 

A  VALUABLC  BOOK 

This  is  a  practical  book,  prepared  by  surgeons  who,  from  their  experience  in 
the  operating  amphitheater  and  at  the  bedside,  have  realized  the  shortcomings  of 
present  nursing  books  in  regard  to  eye,  ear,  nose,  and  throat  nursing.  The  scope 
of  the  work  has  been  limited  to  what  an  intelligent  nurse  should  know,  and  Uie 
style  throughout  is  simple,  plain,  and  definite. 

New  Yofk  MedBcal  JounuJ 

"  Every  side  of  the  question  has  been  fiilly  taken  into  consideration.'* 

Stoney's 
Materia  Medica  for  Nurses 


Practical  Materia  Medica  for  Nurses,  with  an  Appendix  containing 
Poisons  and  their  Antidotes,  with  Poison-Emergencies  ;  Mineral  Waters ; 
Weights  and  Measures ;  Dose-List,  and  a  Glossary  of  the  Terms  used 
in  Materia  Medica  and  Therapeutics.  By  Emily  A.  M.  Stoney,  for- 
merly of  the  Carney  Hospital,  South  Boston.  i2mo  of  300  pages. 
Cloth,  ;Ji.50  net. 

THE   NEW  (3d)  EDITION 

In  making  the  revision  for  this  new  third  edition,  all  the  newer  drugs  have 
been  introduced  and  fully  discussed.  The  consideration  of  the  drugs  includes 
their  sources  and  composition,  theit  various  preparations,  physiologic  actions, 
directions  for  administering,  and  the  symptoms  and  treatment  of  poisoning. 

Joiinud  of  tbe  American  Medical  Auodalion 

**  So  Car  as  we  can  see,  it  contains  ererything  that  a  nurse  ought  to  know  ia  regard  to  drugs. 
As  a  mierence-book  for  nuraet  it  will  without  question  be  Tery  useful.'* 


SAUNDERS'  BOOKS  ON 


Hoxie  and  Laptad's  Medicine  for  Nurses     ^^  {U)t& 

Medicine  for  Nurses  and  Housemothers.  By  George  Howard  Hoxie, 
M.  D.,  Physician  to  the  German  Hospital,  Kansas  City,  Mo.;  and  Pearl L 
Laptad,  formerly  Principal  of  the  Training  School  for  Nurses,  University  of 
Kansas.     i2mo  of  351  pages,  illustrated.  Cloth,  I1.50  oet 

This  work  is  Uiily  a  practice  of  medicine  for  the  nurse,  enabling  her  to  recognize  asr 
signs  and  changes  that  may  occur  between  visits  of  the  physician,  and,  if  necessary,  to 
combat  them  until  the  physician's  arrival.  This  information  the  author  presents  in  a  wtj 
most  acceptable,  particularly  emphasizing  the  nurse's  part. 

Trained  Nune  and  Hotpttal  Review 

*'  This  book  has  our  unqualified  approvaL" 

McCombs'  Diseases  of  Children  for  Nurses  N,^(2d)EAii. 

Diseases  of  Children  for  Nurses.  By  Robert  S.  McCombs.  M.  D., 
Instructor  of  Nurses  at  the  Children's  Hospital  of  Philadelphia.  i2mo  of 
470  pages,  illustrated.     Cloth,  |2.oo  net. 

Dr.  McCombs*  experience  In  lecturing  to  nurses  has  enabled  him  to  emphasiie>iKi//A«« 
points  that  nursts  most  need  to  know.  The  nursing  side  has  been  written  by  head  noises, 
especially  praiseworthy  being  the  work  of  Miss  Jennie  Manly. 

Naiiooal  Hospital  Record 

"  We  have  needed  a  good  work  on  children's  diseases  adapted  for  nurses*  use,  and  thii 
volume  admirably  fills  the  want.*' 

Wilson's   Obstetric  Nursing  me  New  (td)  cakM 

A  Reference  Hand-Book  of  Obstetric  Nursins:.  By  W.  Re^-nolk 
Wilson,  M.  D.,  Visiting  Physician  to  the  Philadelphia  Lying-in  Charity. 
32mo  of  256  pages,  illustrated.     Flexible  leather,  I1.25  net 

Dr.  Wilson's  work  discusses  the  subject  of  obstetrics  entirely  from  the  nurse's  poiat  0 
view,  presenting  in  detail  everything  connected  with  pregnancy  and  labor  and  their  nua 
agement.     The  text  is  copiously  illustrated. 

American  Journal  of  Obitetrics 

••  Every  page  emphasizes  the  nurse's  relation  to  the  case.** 

Fruhwald  and  Westcott  on  Children 

Diseases  of  Children.  A  Practical  Reference  Book  for  Students  aw 
Practitioners.  By  Professor  Dr.  Ferdinand  FrI^hwald,  of  Vienna 
Edited,  with  additions,  by  Thompson  S.  Westcott,  M.  D.,  University  d 
Pennsylvania.     Octavo,  533  pages,  176  illustrations.     Cloth,  $4. 50  net 

Boyd's  State  Registration  for  Nurses 

state  Registration  for  Nurses.  By  Louie  Croft  Boyd,  R.  N.,  Graduati 
Colorado  Training-school  for  Nurses.     Octavo  of  42  pages.  50  cents  net 
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Aikens'  Primary  Studies  for  Nurses  ^^  ^^d)  cditioa 

Primary  Studies  for- Nurses:  A  Text-Book  for  First-year  Pupil 
Nuises.  By  Charlotte  A.  Aikens,  formerly  Director  of  Sibley  Memorial 
Hospital,  Washington,  D.  C.     i2mo  of  437  pages,  illus.    Cloth,  ^1.75  net. 

This  work  brings  together  in  concise  form  well-rounded  courses  of  lessons 
in  all  subjects  which,  with  practical  nursing  technic,  constitute  the  primary 
studies  in  a  nursing  course. 

Tniaed  Nurse  and  Hotpital  Review 

*'  It  is  safe  to  say  that  any  pupil  who  has  mastered  even  the  major  portion  of  this  work 
would  be  one  of  the  bast  prepared  first-year  pupils  that  ever  stood  for  examination.'* 

Aikens'  Clinical  Studies  for  Nurses  ^^  (2A)  edition 

Clinical  Studies  for  Nurses.  By  Charlotte  A.  Aikens,  formerly 
Director  of  Sibley  Memorial  Hospital,  Washington,  D.  C.  i2mo  of 
569  pages,  illustrated.     Cloth,  {2.00  net. 

This  new  work  is  written  along  the  same  lines  as  Miss  Aikens*  former 
work  on  ••  Primary  Studies,*'  to  which  it  is  a  companion  volume.  It  takes 
up  all  subjects  taught  during  the  second  and  third  years  and  takes  them 
up  in  a  concise,  forceful  way. 

Dietetic  and  Hygienic  Gazette 

*'  There  is  a  large  amount  of  practical  information  in  this  book  which  the  experienced 
nurse,  as  well  as  the  undergraduate,  will  consult  with  profit  The  illustrations  are 
numerous  and  well  selected." 

Aikens'  Training-School  Methods 

Hospital  Training-School  Methods  and  the  Head  Nurse.  By 
Charlotte  A.  Aikens,  formerly  Director  of  Sibley  Memorial  Hospital, 
Washington,  D.  C.     i2mo  of  267  pages.     Cloth,  ^1.50  net. 

Trained  Nune  and  Hofpilal  Review 

"  There  is  not  a  chapter  in  the  book  that  does  not  contain  valuable  suggestions.*' 

Aikens'  Hospital  Management  cxtiem^  Practical 

Hospital  Management.  By  Charlotte  A.  Aikens,  formerly  Direc- 
tor of  Sibley  Memorial  Hospital,  Washington,  D.  C.  i2mo  of  488 
pages,  illustrated.  Cloth,  {3.00  net. 

The  Medical  Record 

"  Tells  in  concise  form  exactly  what  a  hospital  should  do  and  how  it  should  be  run, 
from  the  scrubwoman  up  to  its  financing.  A  valuable  addition  to  our  literature  on  this 
subject." 


Bolduan  and  Gnind*s  Bacteriolo^  for  Nurses  rmS 

APl'LtED     BaCTERIOLOCV     FOR     NURSRS,       By     Ch^RL^IS     F.    BotDUAM 

M.  D.,  Assistant  to  the  General  Medical  Officer;  and  Marie  GRtrsDf 
M.  E),.  Bacteriologist,  Research  Laborator)-,  Department  of  Hcaltli 
New  York  City.     12 mo  of  155  pages,  illustrated.  Cloth,  $1.25  net 

We  wert-  fortunate  in  getting  these  practical  physicians  to  write  this  work.  It  gtve*  pti 
ticuLar  emphiisis  to  ihe^  immediate  afipluatwn  of  bacteriology  to  nursing,  only  tfie  fr^ 
practical  being  includerL  A  study  of  all  the  modes  of  mfection  transmission  is  pformei 
At  the  end  of  each  chapter  are  suggestions  for  practical  demonstration. 


Register's  Fever  Nursing 


A  Text-Book:  ok  Practtical  Fever  Nursing.  By  Edwj 
PvEGiSTER,  M.  D.,  Professor  of  the  Practice  of  Medicine  in  the 
Carolina  Medical  College.     12 mo  of  352  pages.     Cloth,  $^.50  net 
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Hecker,  Trumpp,  and  Abt  on  Children 

Atlas  and  Epitome  of  Diseases  of  Children.     By  Dr.  R. 
and  Dr,  J.  Trumpp,  of  Munich.     Edited,  with  additions,  by 
Abt,  M.D.,  Assistant  Professor  of  Diseases  of  Children,  Rush 
College,  Chicago.     With  48  colored  plates,  144  text-cuts,  and  455 
of  text.     Cloth,  ^5.00  net 


The  many  excellent  lithographic  plates  represent  cases  seen  in  the  authors*  i 
hftvc  been  selected  with  great  care,  keeping  consLantly  in  mind  the  practical  Q 
general  practitioner.     These  beatitiful  pictures  are  so  true  to  nature  that  their  1  _ ^ 
equtv^ilent  to  actual  clmical  observation.    The  editor,  Dr.  Isaac  A.  Abt,  has  added  i& I 
methods  of  treatment* 

Lewis'  Anatomy  and  Physiology         the  nw  (ad> 

Ana  rriMY  and  Physiology  for  Nurses.  By  LeRoy  Lewis,  M.  D., 
Formerly  Surgeon  to  and  Lecturer  on  Anatomy  and  Physiology  for 
Nurses  at  the  I^wis  Hospital,  Bay  City,  Michigan,  i2mo  of  544  pigtit 
with  161  illustrations.      Cloth,  $1.75  net 

A  demand  for  such  a  work  lu  this,  treating  tht  snhject$  firom  ikt  mmrttf  f^^mt  tf  mwk 
has  long  exbted.  Dr.  Lewis  has  based  the  plan  and  scope  of  this  work  on  the  1  "  ^ 
employed  by  him  in  teaching  these  branches,  making  the  text  unusually  sunpk  i 

Th^  ftfunei  Journal  of  ihe  Pacific  Coast 

*'  It  IS  not  in  any  sense  rudimetitary.  but  comprehensive  in  its  trefttmeat  of  ^ ^__, 

in  hand.    The  application  of  the  knowledge  of  anatomy  in  the  care  of  lb«  |Mtifiit  M 
emphasised.'  ^ 

rriedenwald  and  Ruhrah's  Dietetics  n«w  (id)  eam 

Dietetics  for  Nurses.  By  Jiruus  Friedenwald,  M.-D.,  Profeaor 
of  Diseases  of  the  Stomach,  and  John  Ruhrah,  M.  D.,  Professor  of 
Diseases  of  Children,  College  of  Ph}^icians  and  Surgeons,  BalticDOrc 
i2mo  volume  of  395  pages.     Cloth,  11*50  net. 

This  work  has  been  prepared  to  meet  the  needs  of  the  nune.  both  La  ibe  lirfrfiWi 
school  and  after  graduation.  It  aims  to  give  the  essentials  of  dietetics,  cotuidedaf  W«tf 
the  physlolo^  ol  dig^estion  and  tlie  vadous  classes  of  foods  and  the  pan  lll«]ilff|B 


Amencan  Journal  of  Nuniii^ 

"'  It  is  exactly  the  hook  for  which  ourses  and  others  have  lon^and  valaly  1 ^__ 

simple  manual  of  <SietedcSp  which  does  not  turn  into  a  cook-book  at  the  cad  of  ^  Aftf 
or  second  chapter. 
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Paul's  Fever  Nursing  m«w  (td)  EdMoo 

Nursing  in  the  Acute  Infectious  Fevers.  By  George  P.  Paul, 
M.  D.,  formerly  Assistant*  Visiting  Physician  to  the  Samaritan  Hospital, 
Troy,  N.  Y.     lamo  of  246  pages.     Cloth,  |i.oo  net. 

Dr.  Paul  has  taken  great  pains  in  the  presentation  of  the  care  and  management  of  each 
fever.  The  book  treats  of  fevers  in  general,  then  each  fever  is  discussed  individually,  and 
the  latter  part  of  the  book  deals  with  practical  procedures  and  valuable  mformation.  ' 

TIm  London  Lancot 

"  The  book  is  an  excellent  one  and  will  be  of  value  to  those  for  whom  It  is  intflDded. 
It  is  well  arranged,  the  text  is  clear  and  fall,  and  the  illustrations  are  good." 

Paul's  Materia  Medica  for  Nurses  New  (2d}  EdMon 

Materia  Medica  for  Nurses.  By  George  P.  Paul,  M.D.,  formerly 
Assistant  Visiting  Physician  to  the  Samaritan  Hospital,  Troy.  i2mo  o\ 
282  pages.    Cloth,  I1.50  net. 

Dr.  Paul  arranges  the  physiologic  actions  of  the  drugs  according  to  the  action  of  the 
drug  and  not  the  organ  acted  upon.  An  important  section  is  that  on  pretoxic  signs, 
giving  the  warnings  of  the  full  action  or  the  beginning  toxic  eflfects  of  the  drug,  whic^ 
if  heeded,  may  prevent  many  cases  of  drug  poisoning. 

Tko  Medical  Record,  New  York 

"This  volume  will  be  of  real  help  to  nurses;  the  material  is  well  selected  and  well 
arranged,  and  the  book  is  as  readable  as  it  is  useful." 

Pyle's  Personal  Hyi^ene  riie  New  (sth)  Edwon 

A  Manual  of  Personal  Hygiene  :  Proper  Living  upon  a  Physiologic 
Basis.  By  Eminent  Specialists.  Edited  by  Walter  L.  Pyle,  A.  M., 
M.D.,  Assistant  Surgeon  to  Wills  Eye  Hospital,  Philadelphia.  Octavo 
volume  of  515  pages,  fully  illustrated.     Cloth,  ^1.50  net. 

The  book  has  been  thoroughly  revised  for  this  new  edition,  and  a  new  chapter  on 
Food  Adulteration  by  Dr,  Harvey  W,  Wiley  added.  There  are  important  chapters 
on  Domestic  Hygiene  and  Home  Gymnastics,  Hydrotherapy,  Mechanotherapy,  and 
First  Aid  Measures. 

Botlon  Medical  and  Sur^al  Journal 

"  The  work  has  been  excellently  done,  there  is  no  undue  repetition,  and  the  writers 
have  succeeded  unusually  well  in  presenting  £acts  of  practical  significance  based  on  sound 
knowledge." 

Galbraith's  Four  £pochs  of  Woman's  Life    second  cduioo 

The  Four  Epochs  of  Woman's  Life.     By  Anna  M.  Galbraith, 
M.D.      With  an  Introductory  Note  by  John  H.  Musser,  M.D.,  Univer- 
sity of  Pennsylvania.     i2mo  of  247  pages.     Cloth,  ^1.50  net. 
Binnia^ham  Medical  Review 

"  We  do  not  as  a  rule  care  for  medical  books  written  for  the  instruction  of  the  public ; 
but  we  must  admit  that  the  advice  in  Dr.  Galbraith's  work  is  in  the  main  wise  and  whole- 
some." 

Spratling  on  £pilepsy 

Epilepsy  and  Its  Treatment.     By  William  P.  Spratling,  M.  D.,  Pro- 
fessor of  Physiology  and  Nervous  Diseases,  College  of  Physicians  and  Sur- 
geons, Baltimore.     Octavo  of  522  pa^es,  fiiUy  illustrated.     Cloth,  I4.00  net 
Tbe  Lancet,  London 

"  Dr.  Spratling's  work  is  written  throughout  in  a  clear  and  readable  style.  .  .  .  The 
work  is  a  mine  of  information  on  the  whole  subject  of  epilepsy  and  its  treatment.** 
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Macfarlane's  Gynecolo|(y  for  Nurses  New  (u)  tm^ 

A  Reference  Hand-Book  of  Gynecology  for  Nurses.  By  Cath- 
arine Macfarlane,  M.  D.,  Gynecologist  to  the  Woman's  Hospital  of 
Philadelphia.  i6mo  of  150  pages,  with  70  illostiations.  Flexible 
leather,  {1.25  net. 

A.  M.  Seabrook,  M.  D.,    Woman  s  Medical  College  of  Philadelphia, 

"  It  b  a  most  admirable  little  book,  coverixi(^  in  a  concise  but  attractive  way  the  subject  frM 
tbe  nurse's  standpoint." 

Galbraith's  Personal  Hyi^ene  for  Women 

Personal  Hygiene  and  Physical  Training  for  Women.  By 
Anna  M.  Galbraith,  M.D.,  Fellow  New  York  Academy  of  Medicine, 
i2mo  of  371  pages,  with  original  illustrations.  Cloth,  |2.oonet 

Dietetic  and  Hjr^enk:  Gazette 

"  It  contains  just  the  sort  or  infonnation  which  b  very  greatly  needed  by  the  weaker  sex.  Its  Qm* 
trations  are  excellent." 

Jmt  Rm^ 

De  Lee's  Obstetrics  for  Nurses  New  (4«fa)  tma^ 

Obstetrics  for  Nurses.  By  Joseph  B.  DeLee,  M.  D.,  Professor  of 
Obstetrics  in  the  Northwestern  University  Medical  School.  i2mo  vol- 
ume of  508  pages,  fully  illustrated.     Cloth,  ^2.50  net. 

J.  Clifton   Edgar.  M.  D.. 

Professor  0/ Obstetric*  and  Oirncal  Midwifery^,  Cornell  Medical  School,  N,  Y. 

"  It  is  far-and-away  the  best  that  has  come  to  my  nodce,  and  I  shall  take  great  pUawai  ia  reoo» 
mending  it  to  my  nurses  and  students  as  weU." 

Davis'  Obstetric  Nursing  H^^Si& 

Obstetric  and  Gynecologic  Nursing.  By  Edward  P.  Davis,  A.  M., 
M.  D. ,  Professor  of  Obstetrics,  Jefferson  Medical  College  and  Philadel 
phia  Polyclinic.     i2mo  of  480  pages,  illustrated.     Buckram,  ^1.75  net. 

The  Lancet,  London 

"  Not  only  nurses,  but  even  newly  qualified  medical  men,  would  learn  a  great  deal  bv  a  pcrussl  d 
this  book.      It  is  written  in  a  clear  and  pleasant  style,  and  is  a  work  we  can  recommend.  ' 

Beck's  Hand-Book  for  Nurses  ^^  (^di  E^iw 

A  Reference  Hand-Book  for  Nurses.  By  Amanda  K.  Beck,  of 
Chicago,  111.     32mo  of  200  pages.     Flexible  leather,  $1.25  net. 

Aikens'  Home  Nurse's  Hand-Book  jntt  Readj 

Home  Nurse's  Hand-Book.  By  Charlotte  A.  Aikens.  i2xnoof  :7< 
pages,  illustrated.  Cloth.  J  1.50  net 

The  point  about  this  work  is  this :  It  tells  you  and  shoruM  you  just  how  to  do  tbo« 
little  but  important  things  often  omitted  from  other  nursing  books.  *«  Home  Treat- 
ments "  and  **  Points  to  be  Remembered" — terse,  crisn  reminders — stand  out  as  ptr 
ticularly  practical.     Just  the  book  for  those  who  have  the  home-care  of  the  sick. 
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Griffith's  Care  of  the  Baby 

The  Care  of  the  Baby.  By  J.  P.  Crozer  Griffith,  M.  D.,  Clinical 
Professor  of  Diseases  of  Children,  University  of  Penn. ;  Physician  to  the 
Children's  Hospital,  Phila.  i2mo,  455  pp.  Illustrated.  Cloth,  $1.50  net 

THE  NEW  (5th)  EDITION 

The  author  has  endeavored  to  fiimish  a  reliable  guide  for  mothers.  He  has 
made  his  statements  plain  and  easily  understood,  so  that  the  volume  will  be  of 
service  to  mothers  and  nurses. 

New  York  Medicaa  Journal 

"  We  are  confident  if  this  Itttle  work  could  find  its  «irA/  into  the  hands  of  every  trained 
nurse  and  of  every  mother,  infant  mortality  would  be  lessened  by  at  least  fifty  per  cent." 


Grulee's  Infant  Feeding 

Infant  Feeding.  By  Clifford  G.  Grulee,  M.  D.,  Assistant  Pro- 
fessor of  Pediatrics  at  Rush  Medical  College.  Octavo  of  295  pages,  illus- 
trated, including  8  in  colors.     Cloth,  $3.00  net. 

JUST  READY 

Dr.  Grulee  tells  you  how  to  feed  the  infant.  He  tells  you — and  shows  by  clear 
illustrations — ^the  technic  of  giving  the  child  the  breast.  Then  artificial  feeding  is 
thoughtfully  presented,  including  a  number  of  simple  formulas.  The  colored  illus- 
trations showing  the  actual  shapes  and  appearances  of  stools  are  extremely 
valuable. 


Ruhrah's  Diseases  of  Children 

A  Manual  of  Diseases  of  Children.  By  John  Ruhrah,  M.  D., 
Professor  of  Diseases  of  Children,  College  of  Physicians  and  Surgeons, 
Baltimore.  i2mo  of  534  pages,  fully  illustrated.  Flexible  leather, 
$2.50  net 

THE  NEW  (3d)  CDITION 

In  revising  this  work  for  the  second  edition  Dr.  Ruhrah  has  carefully  in- 
corporated all  the  latest  knowledge  on  the  subject.  All  the  important  facts  are 
given  concisely  and  explicitly,  the  therapeutics  of  infancy  and  childhood  being 
outlined  very  carefully  and  clearly.  There  are  also  directions  for  dosage  and 
prescribing,  and  many  useful  prescriptions  are  included. 

Affierican  Journal  of  the  Medical  Sdences 

"Tremtment  has  been  satisfactorily  covered,  being  quite  in  accord  with  the  best  teaching, 
yet  withal  broadly  general  and  free  from  stock  prescriptions." 


Peterson  and  Haines'  f 
Legal  Medicine  £r  Toxicology 

Editflfl 
theC^ 


A   Text-Book   of    Legal   Medicine   and   Toxicolos^^* 

Frederick  Peterson,  M.  D.,  Professor  of  Psychiatry'-  in  the 
of  Physicians  and  Surgeons,  New  York;  and  Walter  S.  HaikeSj 
M.  D.,  Professor  of  Chemistry,  Pharmacy^  and  Toxicology,  Ra^ 
Medical  College,  in  afRliation  with  the  University  of  Chicago.  Twt 
imperial  octavo  volumes  of  about  750  pages  each,  fully  illustrated 
Per  volume:  Cloth,  ^5*00  net;  Sheep  or  Half  Morocco,  {6.50 net 
Si?ld  by  Subscription. 

IN  TWO  VOLUMES 
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The  object  of  the  present  work  is  to  give  to  the  medicaJ  and  leg^l  profesSMri 
a  comprehensive  survey  of  forensic  medicine  and  toxicology  in  modcmtc  1 
Under  '*  Expert  Evidence**  not  only  is  advice  given  to  medical  experts,  but  J 
gestions  are  also  made  to  attorneys  as  to  the  best  methods  of  obtaming  the  desiid 
information  from  the  witness^ 
Co)itiabt&  hxm  Review 

"  For  ptac  tit  loners  in  criniinal  law  and  for  those  in  medicine  who  are 
court  testimony  in  all  its  rarious  forms  .  ,  *  it  is  rxtreoiely  valuable/' 


Fiske's  Human  Body 

structure  and  Functions  of  the  Body.  By  Annette  Fi^ke 
Graduate  of  the  Waltham  Training  School  for  Nurses.  1 2mo 
pages,  illustrated     Clothe  $1,25  net 

PRESENTED  IN  A   NEW  WAY 


The  way  in  which  this  book  presents  anatomy  and  physiology  is  m  ( 
from  the  usual   method — a  departurep  however,  of  a  very  practical  kind. 
Fiske  has  woven  the  physiolo^^  in  with  the  anatomy,  thus  making  her  ««>ik' 
most  readable  one.     It  is  an  extremely  practical  book — one  that  cao  be  W»A 

understood. 

Brower  and  Bannbter*s  Insanity 

Manual  of  Insamty,     By  Daniel  R.  Buowkr,  M.  D,,  Rush   Medical 
and   Henry  M,  Bannistfk.  M.  D.,  Illinois  Eastern  Hosptul  for  laiMne. 
426  pages,  illustrated.     Cloth,  I3.00  net. 


LEGAL  MEDICINE  15 


Bohm  and  Painter's  Massage  jtnt  Ready 

Massage.  By  Max  B6hm,  M.  D.,  of  Berlin,  Germany.  Edited,  with  an 
Introduction,  by  Charles  F.  Painter,  M,  D.,  Professor  of  Orthopedic  Sur- 
gery at  Tufts  College  Medical  School,  Boston.  Octavo  of  91  pages,  with  70 
;;rar/ira/ illustrations.  Cloth,  I1.75  net. 

Draper's  Legal  Medicine 

A  Text-Book  of  Legal  Medicine.  By  Frank  Winthrop  Draper,  A.  M., 
M.  D.,  Late  Professor  of  Legal  Medicine  in  Harvard  University,  Boston. 
Octavo  of  573  pages,  illustrated.     Cloth,  I4.00  net ;  Half  Morocco,  I5.50  net 

Chapman's  Medical  Jurisprudence  ThM  EditiM 

Medical  Jurisprudence,  Insanity,  and  Toxicology.  By  Henry  C 
Chapman,  M.  D.,  late  Professor  of  Institutes  of  Medicine  and  Medical  Juris- 
prudence in  Jefferson  Medical  College,  Philadelphia.  i2mo  of  329  pages* 
illustrated.     Cloth,  I1.75  net 

Golebiewski  and  Bailey's  Accident  Diseases 
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